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Editorial on the Research Topic
Psychological studies in the teaching, learning and assessment
of mathematics

1 Mathematics teachers and teaching

1.1 Mathematics teachers’ knowledge and emotion

Jiang, Zhang, Jiang et al. compare how pre-service and in-service mathematics teachers
understand mathematics problem solving and its teaching. They reported that pre-service
mathematics teachers with postgraduate degrees did not understand mathematics problem
solving significantly different from in-service mathematics teachers. They discussed the
impacts of postgraduate education, teaching experiences and in-service professional
development on the knowledge of mathematics problem solving as well as its teaching.

Wang L. et al. use structural equation modeling to examine how organizational support
and job crafting contribute to the occupational wellbeing of the new mathematics teachers
in primary and junior high schools. They found that organizational support, job crafting
and basic psychological needs have prominent and positive effects on the occupational
wellbeing. In addition, there exists a mediating effect of basic psychological needs with
organizational support, job crafting, and the teacher wellbeing.

Wang G. et al. investigate secondary school mathematics teachers’ autonomous
learning capacity from four sub-dimensions: (1) development of study plans, (2)
proficiency in using learning methods, (3) learning habit formation, and (4) evaluation
of learning outcomes. They reported that secondary school mathematics teachers’ overall
autonomous learning capacity or the sub-dimensions vary significantly according to
teachers’ gender, age, years of teaching experience, educational stage, and location (i.e.,
rural or township). However, teachers with higher qualifications (e.g., doctoral degrees)
and job titles (e.g., senior teachers) did not show better autonomous learning capacity than
other teachers.

1.2 Mathematics instructional practices

Sim and Mohd Matore examine primary school mathematics teachers’ usages of
five teaching styles, i.e., personal model teaching style, expert teaching style, formal
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authority teaching style, delegator teaching style, and facilitator
teaching style. They found that mathematics teachers’ adoptions
of teaching styles are weakly correlated with their teaching
experiences, implying that teaching experience in mathematics
might influence the adoption of teaching styles.

Jiang, Zhang, Ruan et al. conduct a comparative analysis of
the extent to which high school mathematics teachers’ audible
teaching language was satisfied by students. They found that
there were no significant differences regarding students’ overall
satisfaction on expert, skilled, and novice mathematics teachers’
audible teaching language. However, in terms of the tone and
adaptability of the audible teaching language, students were
reported to be more satisfied with expert mathematics teachers than
with novice teachers.

Avyabe et al. design problem-appropriate diagram instruction by
integrating appropriate line diagrams, tables, and graphs into high
school mathematics problem-solving instruction, and examine the
effects on students’ ability in mathematics word problem solving.
They find that the inclusion of problem-appropriate diagrams helps
to improve students’ problem solving performance and to reduce
perceived cognitive load in problem solving activities. The results
highlight the importance of selecting relevant diagrams according
to the problem-solving tasks to enhance the quality of mathematics
problem solving instruction.

Zhao W. et al
types in expert and novice mathematics teachers lessons and

conduct a video analysis of dialogue

presents the characteristics of effective mathematics classroom
dialogues. They report some culturally unique aspects of effective
mathematics classroom dialogues in Chinese contexts, such as high
proportion of discourse about basic knowledge, justification, and
probing. The contributes to a better understanding of effective
classroom dialogues by including practices and perspectives in
Chinese contexts.

2 Processes of mathematics learning

2.1 Origins of affective factors in
mathematics learning

Cheng et al. investigate the factors that have impacts on
university students’ learning satisfaction in the blended learning
mode. They find that factors in learning dimension (e.g.,
learning interest, learning awareness, learning self-efficacy, learning
concentration, learning reflection, and the level of communication
and interaction) have primary impacts on students’ satisfaction
with blended learning. It highlights the significance of developing
students’ learning attitudes in blended learning mode.

Reschke et al. make attempts to explain the gender differences
in the early development of students’ math self-concepts by
examining teachers’ judgments of students’ mathematics ability
and students’ perception of teachers judgments. They find
that students’ self-concepts can be predicted by both teachers’
judgments of students mathematics ability and students
perception of teachers’ judgments. They also find the mediation
effect of teachers’ judgments on students’ self-concepts through
students’ perceived teachers’ judgments. They argue that primary
school students tend to have a math-male stereotype when
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internalizing their teachers’ judgments of mathematics ability,
leading to girls’ lower math self-concepts.

Yesuf et al. examine what factors contribute to high school
students’ mathematics self-efficacy. They report that living
arrangements with parents (i.e., living with single parent or both
parents), students’ expected grade in the upcoming national exam
and expected marks in the semester can significantly predict
students’ mathematics self-efficacy, whereas students’ received
tutorial, students’ plan for further education and professional
aspiration do not significantly influence students’ mathematics self-
efficacy.

2.2 Relations between affective factors and
mathematics learning

Xu et al. use bibliometric analysis techniques to review
the existing studies regarding growth mindset and mathematics
learning. They find that there is a lack of studies focusing
on student’s mindset in the specific sub-fields of mathematics,
e.g., algebra, calculus, or geometry. In addition, few studies
addressed how teachers’ mindset and parents mindset make
impacts on students’ mathematics learning. The findings provide
implications for future explorations about growth mindset and
mathematics learning.

Dong et al. examine the functioning processes of growth
mindset in mathematics learning by combining students’ growth
mindsets, failure attributions, intrinsic motivation, mathematics
self-efficacy, mathematics anxiety and mathematics achievements
in one statistics model. They find that students’ growth mindset
doesn’t directly predict their mathematics achievements, but
indirectly influences mathematics achievements through students’
intrinsic motivation. Failure attributions, mathematics self-efficacy,
and mathematics anxiety play sequentially mediating roles
in the relation between students’ growth mindset and their
academic achievements.

Sakellariou examines the reciprocal relationship between
students’ academic self-efficacy and mathematics achievements in
high school. It is reported that there are robust reciprocal effects
between self-efficacy and mathematics achievement for boys, and
the dominant effect is from earlier achievement to later self-
efficacy. However, there are no strong evidences for such reciprocal
effects in the sample of girls. This study supports the existence of
higher reciprocal effects for boys than girls, providing evidences
for significant gender differences in the context of high school
mathematics learning.

Zuo and Wang explore the relationship between mindfulness-
based intervention (MBI) and high-risk students’ mathematics
achievements in middle school by considering the mediating
roles of mathematics-specific exam anxiety and mathematics self-
efficacy. The results show that mindfulness can significantly
improve students’ mathematics achievements, and reduce students’
mathematics anxiety, as well as problem-solving obstacles resulted
from mathematics anxiety. This study provides evidences for
mindfulness intervention’s efficacy in promoting middle school
students’ mathematics academic performance.
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Brumm and Rathgeb-Schnierer explore the relationship among
accuracy in numerosity estimation, mathematics achievement, and
mathematics interest in the sample of primary school students.
The results indicate that there is no statistically significant
association either between accuracy in numerosity estimation and
mathematics interest or between accuracy in numerosity estimation
and mathematics achievement. This study suggests the needs for
further studies regarding the function of numerosity estimation in
mathematics learning.

Guo et al. investigate the relations between primary school
students” filial piety beliefs and mathematics procrastination by
taking into account the mediating role of academic emotions
(e.g., enjoyment and anxiety). The results show that, students
with reciprocal filial piety tended to have fewer procrastination
behaviors in mathematics learning than students endorsing
authoritarian filial piety. Reciprocal filial piety leads to more
enjoyment in mathematics learning, which may in turn establish
a protective mechanism against procrastination. This study
contributes to a better understanding of the roles of students’ filial
piety beliefs in mathematics learning.

2.3 Environmental factors in mathematics
learning

Yu et al. compare how primary and middle school students’
relationships with parents, teachers, and their peers make impacts
on their academic performance in mathematics. They report that,
compared with students’ relationships with parents, teachers, the
quality of peer relationships was more closely associated with
academic achievement in mathematics. The results highlight the
significant roles of peer relationships in mathematics learning.

2.4 Cognitive processes of mathematics
learning

Zhao J. et al. examine students conflict discourse in
mathematics cooperative problem solving, analyzing the discourse
style and language characteristics of the three stages of conflict
discourse (i.e., Initial stage of conflict, Conflict and Negotiation
stage, and the end of conflict stage). They identify twelve categories
of conflict discourse, count each categories’ frequencies, and
examine the processes of how conflicts in mathematics cooperative
problem solving can be intensified or resolved by different
categories of conflict discourses.

Shang et al. use eye-tracking techniques to examine how
structured stepwise presentations make impacts on primary
school students’ attention in mathematics learning and their
learning outcomes in fraction. The results suggest that structured
stepwise presentation can better orient student to pay attention to
connecting relative elements in fraction learning and contribute
to more desirable learning performance in fraction. This study
supports the importance of designing structured stepwise
presentations in mathematics teaching.

Wan Hussin and Matore explore the impacts of secondary

school students’ learning styles in mathematics (i.e., visual,
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auditory, and kinesthetic) on their academic procrastination in
mathematics. They find that visual learning styles significantly
contribute to academic procrastination in mathematics. Visual
learning style requires long-term memory and strong visual skills,
which may cause pressure and depression in mathematics learning
and in turn lead to academic procrastination in mathematics.
In addition, academic procrastination in mathematics decreased
for students with kinesthetic learning style and this might be
attributed to kinesthetic students’ preferences to using hands-on
or applications with real situations, which promote their interest
and motivation in learning mathematics. This study suggests the
necessity of considering students’ learning styles when coping with
procrastination in mathematics learning.

Jiang and Li examine how secondary school students use
mathematics textbooks in mathematics learning. They report that,
secondary school students used mathematics textbooks for various
reasons, such as developing mathematical knowledge, skills, and
abilities, but they were reluctant to believe the connection between
mathematics textbooks and their mathematics exam scores. In
addition, secondary school students use mathematics textbooks
significantly according to their school regions, grade levels, and
teachers’ profiles. This study contribute to a better understanding
of mathematics textbooks by considering students’ perspectives.

2.5 Cultivation of high-order thinking skills
Wang T. et al. examine the how middle school students’
mathematical modeling competency influence creativity. The
results confirm the significant association between mathematical
modeling competency and creativity, as well as the mediating roles
of curiosity in the association. This study highlights the effects
of mathematical modeling competency on creativity, implying the
possible way of developing middle school students creativity via the
improvement of their mathematical modeling competency.

Jiand Guo conduct a meta-analysis of the relationship between
working memory and mathematical problem solving. The results
show that, students’ ability to solve dressed-up word problems
are more strongly correlated with working memory than their
ability to cope with intra-mathematical problems. In addition,
compared with other components of working memory, the central
executive function is more strongly associated with mathematical
problem solving ability. Gender ratio shows significant moderating
effects and the association is stronger in the samples of boys than
in the sample of girls. This study helps to clarify the roles of
working memory in mathematical problem solving rather than in
the general mathematics learning.

Shi et al. use the functional near-infrared spectroscopy
(fNIRS) technique to investigate the effects of middle school
students’ hands-on experience on geometry learning by considering
academic level as an important impacting factor. The results show
that, hands-on operation with concrete geometric manipulatives,
in contrast to observation, can better enhance the activation
of sensorimotor systems, which are important in geometry
representation and processing and in turn contribute to better
geometry problem-solving performance. This study helps to

frontiersin.org
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uncover the mechanism in which hand-on experience promote
middle school geometry learning.

3 Assessment in
mathematics education

3.1 Assessing contributing factors in
mathematics learning

Piccirilli et al. assess the influence of mathematics anxiety on
vocational secondary school students’ calculus learning. They argue
that, assessing secondary school students’ level of mathematics
anxiety at the beginning of the school year can help to identify
the students who have the potential risk of failing in the
subsequent calculus learning. The study suggests the consideration
of mathematics anxiety assessment as a tool to promote secondary
school students’ mathematics learning.

Lin and Chen present the processes of develop the students’
mathematics self-directed learning scale containing four sub-scales
with 50 items and apply the scale to measure high school students’
mathematics self-directed learning. The results show the existence
of gender differences in mathematics self-directed learning and
male students scored higher in mathematics self-directed learning
than female students. However, students’ mathematics self-directed
learning does not increase with the grade level in high school
students. This study provides a reliable and valid tool to assess
students’ self-directed learning in mathematics and helps to
include the development of mathematics self-directed learning in
mathematics curriculum reform.

Uesaka et al. use item response theory to analyze university
students’ acquisition and usages of different types of learning
strategies, showing that the average levels of students’ strategy
acquisition are associated with their academic achievement ranking
in university learning. This study proposes a framework for
assessing university students’ learning strategies’ levels and suggests
to provide university students with learning resources and advice
according to their level of acquisition of learning strategies.

3.2 Assessing mathematics competencies

Zhang et al. utilize DINA (Deterministic Inputs, Noisy, and
Gate) model to diagnose fourth grade students’ mathematical
ability in calculation by presenting each students arithmetic
knowledge status. They report students’ mastery of ten cognitive
attributes in mathematics ability and identify various cognitive
error patterns and major cognitive error patterns in arithmetic.
This study provides researchers and practitioners with the
tool for students’ diagnosis in mathematics learning, which is
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helpful for designing targeted remediation programs in primary
mathematics teaching.

Wu et al. employ cognitive diagnostic assessment (CDA)
to construct a cognitive model for middle school students’
data analysis ability, allowing to accurately detect students’
knowledge structure or operational skills in data analysis, and to
present students” data analysis ability’s learning path and learning
progression. This study contributes to the inclusion of a new
cognitive diagnostic perspective on the assessment of middle school
students’ data analysis abilities.

Meng et al. employ bi-factor theory and propose a full-
information item bifactor (FIBF) model to measure primary and
middle school students’ mathematical ability. They also apply the
FIBF model in a large-scale data set to examine the performance
of the model. The results show that FIBF model is better fitting
than other models such as UIRT and MIRT models, and a
more reasonable interpretation can be obtained by using the
ability scores from the FIBF model. This study supports the
feasibility of employing the FIBF model in large-scale mathematics
testing projects.
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Analyzing students’ learning
strategies using item response
theory: Toward assessment and
Instruction for self-regulated
learning

Yuri Uesaka'*, Masayuki Suzuki? and Shin’ichi Ichikawa!

!Graduate School of Education, The University of Tokyo, Tokyo, Japan, ?College of Education,
Yokohama National University, Yokohama, Japan

Many previous studies related to self-regulated learning have demonstrated
that students with higher academic achievement tend to use varied and
effective learning strategies. However, they cannot acquire these strategies
in a short period. If learning strategies are acquired and used gradually, it may
help specify individual levels of use and teach its usage in a reasonable order.
Therefore, this study analyzed data on strategy use with item response theory
(IRT) to specify students’ level of strategy acquisition and determine how
they are ordered. Questionnaire data on the frequency of learning strategy
use were obtained from students in five universities (N = 472) and analyzed
using the IRT model. It was shown that the average levels of students’ strategy
acquisition were related to their universities’ academic achievement rankings.

learning strategy use, item response theory (IRT), self-regulated learning, individual
differences, students’ learning strategy acquisition

Introduction

Life in modern society is highly unpredictable, and people need to be proactive
in deciding their behavior. Therefore, fostering self-regulated learners is one of the
most important goals in education. Self-regulated learning is defined as involving
“metacognitive, motivational, and behavioral processes that are personally initiated
to acquire knowledge and skills, such as goal setting, planning, learning strategies,
self-reinforcement, self-recording, and self-instruction” (Zimmerman, 2015, p. 541).
This implies that these learners have sufficient skills to earn a living or acquire the
necessary competencies. To deal with society’s unpredictability and decide how to live
proactively, students need to develop self-regulated learning skills. This idea is consistent
with discussions on the importance of developing learning skills from the perspectives
of key competencies, proposed by the Organization for Economic Cooperation and
Development (OECD; Rychen and Salganik, 2003) and from the “21st century skills”
movement (e.g., Griffin et al., 2012). The key competencies and 21st century skills are
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related to the cultivation of necessary student skills that will be
useful in and out of school and in future contexts.

In considering how self-regulated learners can be cultivated,
an important aspect is promoting the use of effective learning
strategies (e.g., Uesaka, 2012; Manalo et al, 2017). Many
reviews and theoretical papers in the self-regulated learning
research area have shown (Zimmerman and Schunk, 1989;
Schunk and Zimmerman, 1994, 1998; Dignath et al., 2008)
that these learners use effective strategies that might positively
affect life-long learning. Based on this idea, various studies have
examined factors that promote learning strategy use (Ames and
Archer, 1988; Nolen, 1988; Zimmerman and Martinez-Pons,
1990; Lynch, 2006) and proposed educational methods that
enhance students’ skills by promoting the effective use of these
strategies (Harris and Graham, 1999; Cleary and Zimmerman,
2004; Guthrie et al., 2004; Camahalan, 2006; Ramdass and
Zimmerman, 2008).

If learning strategy use can be considered an important skill
for students to become self-regulated learners, identifying the
level of learning strategy use can help in considering how to
promote their development. For example, as described later,
some studies on knowledge acquisition with worked examples,
proposed and examined the necessity of specifying students’
knowledge level, which has been used to improve students’
knowledge acquisition (e.g., Schwonke et al, 2007; Salden
et al., 2010). To achieve these goals, computer-adaptive testing
(CAT) has confirmed the effectiveness of many good practices
and methodological bases of statistics for analyzing student
levels. Ttem response theory (IRT) is an effective method for
analyzing students’ levels. For example, their level of English
skills in second-language acquisition was analyzed using this
method (e.g., Min and Aryadoust, 2021). Previous research
in self-regulated learning has not applied such an idea to
analyze individual differences in learning strategy use. However,
specifying them regarding learning strategies using this method
may facilitate the development of more effective instructional
strategies for cultivating self-regulated learners.

In detail, learners may be more likely to acquire learning
strategies more effectively if they receive advice and guidance
that is aligned with their specific learning strategy acquisition.
In fact, learning strategies range from relatively easy to difficult,
and if they are not taught according to their acquisition level,
they are likely to be either too easy or too difficult for the learner
to acquire. However, many learning strategy teaching studies,
as discussed below, teach the same strategy(ies) to participants,
and such level-appropriate teaching is not currently possible.
To operationalize learning strategy support in CAT, research
is required to identify the underlying learning strategy and
learner level. However, to date, no published study has provided
the basis for operationalizing the support of such learning
strategies in CAT.

The level of acquisition of the learning strategy of a student
needs to be identified to take it into account for future initiatives
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and to advise on appropriate learning strategies. Furthermore,
the difficulty level of the learning strategy also needs to be
identified (for example, which learning strategies are acquired
first and which later). Additionally, it is necessary to map
that level to the learner’s level of acquisition of the learning
strategy. If a new framework is proposed that allows this, it
could enable the guidance of strategy instruction by the learner’s
level of acquisition of the learning strategy. Therefore, this study
adopted IRT analysis, which can deal with the difficulty level of
the learning strategies and the learner’s level of acquisition on
a unified scale.

In conducting this study, four considerations were taken
into account. First, as this is the first study to determine
the extent to which effective learning strategies are acquired,
learning strategies that may not necessarily be initially effective
were included. Learning strategies such as simple repetition are
known to be less effective than those that use metacognition
or elaboration organization (for example, Ramsden, 1988);
however, the possibility remains that these strategies may be
used in the early stages of learning. Initially, they should be seen
as integrative, and if they are qualitatively different, a procedure
should be followed to exclude them. Second, while using a
theoretical framework, we analyzed IRT by preparing items that
were in line with specific subject areas. Theoretical strategy
studies are often worded in such a way that they are not subject-
specific, as will be discussed later in this section. However, it is
easier for learners and teachers to give advice on specific learning
strategies if they are structured in a subject-specific manner.
Therefore, it was decided to list and use learning strategies based
on theory but also in a form that is specific to the subject areas.

Third, when analyzing the students’ responses to the use
of the learning strategies with IRT, we analyzed them with
both polytomous and binary IRT and compared the two.
Whereas polytomous IRT is an in-depth analysis that uses all the
information, it is not always easy to interpret when considering
the use of learning strategies. Therefore, if the results of both
were found to be similar, we decided to report the results in the
binary type, which is more commonly used in IRT. Finally, for
this study, participants were drawn from higher-, middle-, and
lower-ranked Japanese universities. University level is indicative
of academic achievement in a broad sense. Even if it is difficult
to verify the nature of the relationship between individual
performance data and the level of learning strategies identified
in this study, it is possible to argue that learning styles may
underlie academic performance if even a small relationship can
be demonstrated.

Variation of effective learning
strategies and possibility of cultivation

In a seminal study on learning strategy use conducted by
Marton and Séljo (1976), the authors interviewed university
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students to understand their learning processes and discovered
two types: surface-level processing and deep-level processing.
The former includes simple repetition (such as repeated reading
and writing to remember the material), whereas the latter
employs extra activities to improve the understanding of
the material (such as elaboration of information). Successive
studies have shown that learners who use deep-level processing
strategies perform better (e.g., Ramsden, 1988).

Since the above-mentioned research, various effective
learning strategies have been identified by questionnaire-type
studies (Weinstein and Mayer, 1986; Pintrich and de Groot,
1990; Zimmerman and Martinez-Pons, 1990). Of these, the
Motivated Strategies for Learning Questionnaire is one of
the most well-known and frequently used methods (Pintrich
et al., 1993). Prior studies have also attempted to categorize
learning strategies. For example, Pintrich et al. (1993) proposed
dividing them into three categories: cognitive, metacognitive,
and resource management strategies. Accordingly, this study
also used the framework of effective strategies considering these
three main categories.

The two types of learning strategies categorizations
are surface-level processing/deep-level processing and
These

categories are closely connected and, therefore, are not

cognitive/metacognitive/resource management. two
independent frameworks. Murayama (2007) indicated that
cognitive strategies can be divided into two types: shallow
(e.g., rehearsal and repetition) and deep cognitive strategies
(e.g., elaboration and organization). Their structure is shown
in Table 1. Shallow-level processing is a learning method that
emphasizes simple repetition (Murayama, 2007). By contrast,
here, deep-level processing is a learning method that is based
not on simple repetitive processes but rather on cognitive
devices in some sense. For example, it includes deep cognitive
learning strategies that focus on understanding meaning in
relation to existing knowledge, metacognitive strategies that
focus on one’s own cognitive state, and learning methods that
utilize external resources such as other people and diagrams.

Whereas the structure of these learning strategies provides
useful information, it is unclear which type is best in the early
stages of learning and which in the later stages. Although
many studies that have identified these structures also consider
learning strategies in a domain-general manner (for example,
“When reading I try to connect the things I am reading about
with what I already know”), it is difficult to ascertain solely from
these items what specific learning strategies should be developed
in each subject area.

Another branch of learning strategy research has revealed
other variables related to its use (Ames and Archer, 1988;
Nolen, 1988; Shell and Husman, 2008; Tabachnick et al.,
2008; Kesici et al.,, 2009). Furthermore, concrete programs to
cultivate learning strategy skills to enhance student performance
in a specific subject have been conducted. Reading literacy
is one of the most active research areas. Concept-oriented
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reading instruction, proposed by Guthrie et al. (1998, 2004),
and self-regulated strategy development, proposed by Sawyer
et al. (1992) and Harris and Graham (1999), were seminal
works. For example, Guthrie et al. (2004) focused on
promoting reading strategies among third-grade students across
12 weeks and demonstrated that their program enhanced
reading performance, motivation, and strategy use among
the participants. In addition to reading, strategy training
has been provided in other subject areas; for example, in
mathematics. Ramdass and Zimmerman (2008) provided self-
correction strategy training for middle school students and
demonstrated improvement in the accuracy of self-evaluation
of efficacy and mathematics performance in division learning.
These studies showed that learning strategy use can be enhanced
by implementing thoughtful programs that are carefully
planned by researchers.

Whereas these studies are unique in that they examine
the promotion of specific learning strategies in a subject area,
leading to actual strategy support, the idea of varying study skills
interventions according to a student’s level of learning strategy
has been overlooked. Most studies that have supported learning
strategies, even with targeted groups of participants, have
provided the same instructions and materials to all participants
(Sawyer et al., 1992; Guthrie et al,, 1998, 2004; Harris and
Graham, 1999). However, students’ spontaneous use of learning
strategies differs considerably according to their learning level.
Students in the early stages of learning development might use
easier strategies, whereas those in the latter stage might use
more complex strategies. This was demonstrated by Uchida
(2021), who showed that early stage learners mainly used
shallow-level strategies in vocabulary learning, whereas latter
stage learners used deeper-level strategies. Therefore, students
might be placed on a continuum from early to late-stage
acquisition of learning strategy use. However, none of the
previous studies have been based on the idea of identifying
the level of learning strategies within a single scale, and then
identifying the learner’s level within that same scale. This would
make it possible to support level-based learning strategies.
Therefore, in this study, based on the structure of Table 1,
learning strategies for specific subjects are placed on the same
scale. In addition, we aim to position the learners on the
scale by using IRT, which will be described later. This will
make it possible to provide support according to the level of
learning strategy.

Computer-adaptive testing and
adjusting instruction according to
individual levels by item response
theory

Although learning strategy research has not analyzed
students’ levels of learning strategy use, other research areas
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have conducted such an analysis to adjust for instructions
and individual learning circumstances. For example, CAT
is a well-known technique for language acquisition among
second-language learners, in which items are adapted according
to test-takers' responses; for example, following a student’s
response to the first item (e.g., failure or success in solving the
first task), the test identifies the acquisition level and provides
one of several alternative types of tasks as the second item. This
is rooted in IRT, a unique test theory that calculates individual
knowledge levels and hence item difficulties as probabilities
based on item responses.

To explain IRT in more detail, the knowledge acquisition
dimension is represented by 6, and test responses to each
item are modeled by a mathematical item response function;
using students’ responses to each item, their acquisition levels
(called the “trait value” in IRT) are also specified. In the two-
parameter model, the function in equation (1) was used. In
this analysis, student knowledge acquisition and item difficulty
levels are represented using . In the two-parameter model,
parameter b; is called “item difficulty” of item i and is defined
as the 0 score of a population in which 50% of participants
pass the item. Higher scores indicate more difficult items.
Parameter a; is called “item discrimination,” of item i and refers
to the @ score that can be most effectively distinguished using
this item. D is a constant 1.702 to approximate the curve to
the cumulative normal distribution (see de Ayala, 2009, for
basic information on IRT). When analyzing with IRT, a graph
of the relationship between 0 and the percentage of correct
responses (the item characteristic curve, ICC) is drawn for
each item. IRT was developed based on the use of binary
data, and in the case of binary data, a single ICC is drawn
for each item. However, an IRT for analyzing multi-valued
data has been proposed (for example, Tang, 1996). In the
polytomous-type IRT for analyzing multi-valued data, multiple
ICCs are drawn for each item for each response value, such
as 1,2,3,or4.

1
1+ exp(—Da;(@ — b;))

pi0) = (1)

Computer-adaptive testing, as well as various other tools and
studies, has used IRT as an assessment of competencies. For
example, in the OECD’s Programme for International Student
Assessment, students’ achievement levels were represented by
IRT analysis-based scores. Similarly, Brackenbury et al. (2017)
developed a screening test using IRT to detect speech-sound
disorders, and Balsis et al. (2017) utilized it to conduct
complex personality disorder research. IRT also holds promise
in many other areas.

A unique feature of IRT is that item difficulty and participant
level can be represented by the same dimension (#). In other
words, it is characterized by the ability to select items based
on the learner’s level. With this feature, it can be used it as
a basis for determining which item (in this case, the learning
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strategy) would be appropriate when teaching a learner at a
particular level.

Overview and questions of the present
study

This study aims to provide a foundational framework
toward a future in which learners can be supported according
to their level of use of learning strategies. Currently, the idea
of adjusting instruction and assessment according to the level
of the student is uncommon. However, identifying students’
level of mastery of learning strategies and adjusting instruction
accordingly may be important for improving effective learning
strategy instruction to foster self-regulated learning.

The IRT framework allows for a unified discussion of the
relationship between the difficulty level of a learning strategy
and the learner’s level of mastery of the learning strategy; when
IRT identifies the difficulty level of a strategy and the student’s
learning strategy level on the same dimension, the result is
that appropriate learning strategies can be taught. Therefore,
we aim to identify the difficulty level of the learning strategy
as a continuum using IRT and represent the learner’s use of
the learning strategy on the same dimension. These can be
used to coordinate instruction to promote the use of learning
strategies in the future.

In addition to these objectives, this study examined whether
there is a relationship between the level of strategy use and
academic performance, which would validate the use of the
continuum of individual differences obtained in the IRT analysis
in educational settings.

The following steps were taken in this study. First, a
list of effective learning strategies for specific subjects was
made, using the framework in Table 1. If questionnaires were
already available, they were used, and if they were missing,
we added them. At this stage, even shallow-level learning
strategies were included, as they may be used in the early
stages of learning. Factor analysis would then be used to
confirm the unidimensionality that is the premise of the IRT
analysis. If the results of the factor analysis indicated that
the shallow-level learning strategies were qualitatively different
from the deep-level learning strategies, only deep-level learning
strategies were used and shallow-level learning strategies were
excluded. If the unidimensionality was not confirmed and the
learning strategies were separated by subject area, IRT was
used for each one. However, if the items were not grouped
by subject but constituted a single dimension, we assumed
that effective learning strategies were unidimensional at a
deep cross-subject area and proceeded to the next step in
the analysis. Second, IRT was applied to items that were
confirmed to have a one-factor structure, and acquisition
scores were calculated to represent each participants strategy
acquisition level (§). When analyzing the results with IRT, both
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polytomous and dichotomous IRT analyses are conducted; if
the two results are compared and it is confirmed that there
is no significant difference between those two, the results
analyzed with dichotomous IRT are reported, giving priority
to ease of interpretation. Finally, the relationship between
academic achievement and participants’ acquisition scores was
analyzed. If students who showed higher academic performance
demonstrated higher acquisition scores, the strategy acquisition
level might be valid for predicting underlying high academic
performance. To this end, in this study, students were reminded
about the learning methods used in high school. In Japan,
the university entrance examinations are very competitive.
Students need to use effective learning strategies acquired during
their high school years to achieve academic excellence. As
Shimoyama (1984) argues, Japanese students select universities
that match their academic abilities. Therefore, this study
examined learning strategies during high school and university
levels to test their validity.

Terminology used in the current study

As shown in Figure 1, terminologies different from the
traditional IRT framework were used. While IRT analysis has
primarily been used for academic achievement tests, some
terminologies do not fit the context of learning strategy use.
Thus, certain phrases were modified to suit the context of the
study. For example, the traditional term “trait value” for the
abscissa (0) was replaced by “strategy acquisition level,” which
represents the extent to which each student acquired higher
strategies. The calculated values representing the students’ levels
were called “strategy acquisition scores.”

We retained the same term, “item difficulty” according to
the IRT framework, for parameter b. Theoretically, we perceived
it to represent an “order of acquisition” (the ranking of strategy
items on the @ scale in the IRT analysis) of each learning strategy.
However, IRT analysis is not evidence of the temporal and
developmental order of strategy acquisition. Therefore, the same
term for “item difficulty” was used.

Methods
Participants

To cover a wide range of learning strategy levels of Japanese
university students, participants were drawn from a balanced
mix of Japan’s higher-, middle-, and lower-ranked universities.
180,
male = 275, unknown = 17) from five universities in Tokyo

A total of 472 Japanese university students (female =
and Kanagawa prefectures (mean age = 19.81 years, SD = 2.07)

were recruited. The universities represented different rankings
in Japan; Universities A and B were part of the higher-ranked
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universities, Universities C and D were in the middle ranks,
and University E was in the lower-ranked category (Benesse
Corporation, 2017). The number of students in each school
was as follows: University A had 165 students, University B
had 67 students, University C had 59 students, University
D had 127 students, and University E had 54 students.
All participants were recruited from educational psychology
courses, as these courses are compulsory for students aiming for
teacher qualification. Furthermore, those studying educational
psychology belong to diverse disciplines, from science and
technology to the humanities and economics. All students in this
study participated voluntarily. We obtained ethics approval to
conduct this study from the Life Sciences and Research Ethics
and Safety Committee of the University of Tokyo (approval
number: 18-16).

Materials and procedure

As stated at the beginning of this manuscript, the purpose
of this study is to create a foundation for specifically advising
students on what learning strategies to learn next, depending
on their level of learning strategy. To achieve this objective,
it is necessary to list specific subject learning strategies while
maintaining a theoretical foundation. Therefore, we have listed
specific subject learning strategies, using the structure of Table 1
as a foundation. Specifically, we took five subjects (mathematics,
English, Japanese, social studies, and science) that are relatively
commonly taught in Japanese junior high and high schools and
selected items in an unbiased manner, considering how the
learning strategies of cognition, metacognition, and resource
management can be embodied in each. In selecting items,
we referred to previous studies on learning strategies (for
example, Inuzuka, 2002; Murayama, 2003; Ichihara and Arai,
2006; Oyama, 2009), case reports on cognitive counseling, and
educational practices using psychology (for example, Ichikawa,
1998; Uesaka et al., 2017). Where studies could not be found, we
added items ourselves, taking theory into account.

Table 2 lists labels, definitions, and specific examples for
each of the subcategories in Table 1. The first group is the
(shallow) cognitive learning strategy group, which is a learning
method that emphasizes simple repetition (Murayama, 2007).
Examples of the items are “When trying to remember English
words, I memorized them by writing them repeatedly” (English)
and “When I learned mathematics, I remembered the procedure
as much as possible” (mathematics). The second group is the
(deep) cognitive learning strategy group, which is a learning
method that focuses on understanding meaning in relation
to existing knowledge (Murayama, 2007). Strategies such as
“elaboration” and “organization” as discussed in psychology are
also included in this category. Examples of the items are “When
trying to remember mathematical formulas, I considered how
to get the formula” (mathematics) and “When I learned social
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science, I considered why such a historical event happened”
(social science). The third group is the metacognitive learning
strategy group, which is a learning method that monitors one’s
own cognitive state and controls the learning behavior based on
it. Examples of the items are “When I learned science, I tried
to make clear the points that I did not understand” (science)
and “When learning mathematics, to prevent failure, I wrote
points for attention in my notebook” (mathematics). The final
category is the external resource utilizing strategy, which is
a method of learning that involves actively using things and
people around oneself. Examples of the items are “When I found
difficult words while reading (Japanese), I looked them up in
the dictionary” (language learning), and “I tried to participate in
scientific learning programmes held in the area or in the school”
(science). All items used are listed in Table 3.

Participants answered the questionnaires on a four-point
Likert-type scale to reflect their learning strategies in high

» «

school: “1: do not use at all,” “2: use sometimes,” “3: use often,”
and “4: always use.” Another choice, “not taking the course,
was also included for those who had not taken a course in
the subject area.

The questionnaire included other items that were not

relevant to this study’s aim, such as items on beliefs about

TABLE 1 Relationship between the two models.

Type of processing Type of learning strategy

Shallow-Level Processing (Shallow) Cognitive Learning Strategy

Deep-Level Processing (Deep) Cognitive Learning Strategy
Meta-cognitive Learning Strategy

Resource Management Strategy
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learning. Along with these and the focal items, the booklet
additionally asked the participants to report to their university
to check the validity of the connection between the level of
strategy acquisition and academic achievement. Participants
responded at their pace; the questionnaire took approximately
20-30 min to complete.

Results

Results of factor analysis to check
one-dimensionality

A factor analysis was preliminarily conducted to choose one-
dimensional items before the IRT analysis. R 3.4.4 with the
“psych” package was employed to perform the factor analysis
(Revelle, 2018). Two items that many participants responded to
without having taken the course (over 10%) were excluded.

A factor analysis was conducted to determine the items to be
analyzed in the IRT. Specifically, we tested the possibility that the
items of the learning strategies prepared for this study would be
grouped by subject area, theoretical grouping, and shallow and
deep level, or as one cohesive whole. The decay of eigenvalues
was as follows: 10.09, 5.10, 2.99, 2.67, 1.97, and so on. Harris-
Kaiser independent cluster rotation (Harris and Kaiser, 1964)
was used as the rotation method to obtain a simple structure.
As shown in Table 3, a two-factor model was understandable
from the perspective of theories and findings in cognitive
psychology. As shown in Figure 2, the results of the factor
analysis demonstrated that learning strategies do not cohere by
five subject areas. It was also shown that they do not cohere
according to theoretical groupings (shallow cognitive learning,
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TABLE 2 Subcategories, definitions, and examples of items used in this study.

Subcategories Definition

Examples of items

(Shallow) Cognitive Learning Strategy

(Deep) Cognitive Learning Strategy

Metacognitive Learning Strategy

External Resource Utilizing Strategy
around oneself.

A learning method that emphasizes simple repetition.

A learning method that focuses on understanding
meaning in relation to existing knowledge. Strategies
such as "elaboration"” and "organization" as discussed
in psychology are also included in this category.

A learning method that monitors one’s own cognitive
state and controls learning behavior based on it.

A way to learn by actively using things and people

-“When trying to remember English words, I memorized
them by writing them repeatedly” (English).

-“When I learned mathematics, I remembered the procedure
as much as possible”(mathematics).

-“When trying to remember mathematical formulas, I
considered how to get the formula” (mathematics).
-“When I learned social science, I considered why such a
historical event happened” (social science).

-“When I learned science, I tried to make clear the points that
1 did not understand” (science).

-“When learning mathematics, to prevent failure, I wrote
points for attention in my notebook” (mathematics).

-“When I found difficult words while reading (Japanese), I
looked them up in the dictionary” (language learning).

-“I tried to participate in scientific learning programmes held
in the area or in the school” (science).

deep cognitive learning, metacognitive learning, and resource
managing strategies). However, it is difficult to understand them
as a single factor as a whole; it is more appropriate to understand
them as two cohesive groups: deep-level and shallow-level
learning strategies, as will be discussed below. Therefore,
two factors were considered appropriate and adopted in
this study.

A more detailed look at the results of the factor analysis
shows that items that load highly on the first factor are generally
deeper-level learning strategies. For example, “When trying to
remember mathematical formulas, I considered how to get
the formula” and “When I learned social science, I considered
why such a historical event happened” were among the items
categorized as deep cognitive learning strategies; “When I
learned mathematics, I tried to conside why I failed to solve
the problems” and “When I read (Japanese), I set myself
some questions to check my understanding” were metacognitive
learning strategies; and items such as “When I read English
text, I looked words up in the dictionary if I found unknown
words” and “When I found unclear points when learning
science, I asked my friends and teachers” were categorized as
utilizing external resource learning strategies. As indicated in
the classification in Table 1, these are all positioned as deep-level
learning strategies.

However, items that load highly on the second factor are
deemed shallow-level learning strategies. For example, “When
I learned science, I memorized the content without considering
the reason” and “When I learned history, I memorized years of
historical events or the events.” As shown by Ramsden (1988),
deep and metacognitive learning strategies are more effective
than shallow ones. The correlation between the first and second
factors was very low (r = 0.02).

The results indicate that shallow-level learning strategies
are qualitatively different from deep-level learning strategies.
Therefore, since the purpose of this study was to identify
the level of effective learning strategies, rather than using a
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shallow-level in the early stages of learning that gradually
transforms into a deep level, shallow-level learning strategies
that were determined not to constitute unidimensionality
with deep-level learning strategies were excluded from
subsequent analyses.

Again, the factor analysis was also conducted for the 45
items loading on the first factor, with three excluded due to
the small factor loadings (the criterion for exclusion was set
as a factor loading value under 0.25). The decay of eigenvalues
was as follows: 9.84, 2.82, 2.41, 2.07, 1.84, 1.65, and so on. The
factor loading values, which are highly correlated with the first-
factor loading values obtained from all items, are shown in the
right column of Table 3. Thus, only those items were used for
subsequent IRT analysis. The alpha coefficient of these 45 items
was 0.92, indicating high internal consistency.

ltem response theory analysis with
learning strategy use data

Based on the results of the factor analysis, which showed
that items loading on the first factor were deep-level processing
learning strategies, 45 items with high loadings on the first factor
were used in the IRT analysis. The analysis used both binary
and polytomous IRTs. When using a binary IRT, the Likert-type
data were converted into binary data. If participants answered
“3: use often” or “4: always use” for a given learning strategy,
it was coded as “17; all other responses were coded as “0.”
The analysis of both IRTs was conducted using R 3.4.4 and the
“irtoys” package (Partchev et al., 2017).

Correlations between students’ mastery scores obtained
from the binary IRT and polytomous IRT were analyzed.
The results are presented in Figure 3. As shown in the
results, the acquisition scores obtained from both analyses
are very similar. However, in the case of polytomous IRT,
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TABLE 3 Results of factor analysis and basic statistics.

10.3389/feduc.2022.921844

Item M SD  Factor loading Results
analyzing only
one factor
F1 F2

59 When I learned science, I tried to consider why I failed to solve problems. 2.59 1.02 0.67 —0.14 0.66

56 When I learned science, I tried to make clear the points that I did not understand. 2.59 0.93 0.64 —0.06 0.63

61 When I learned science, I tried to focus on learning parts I did not understand. 2.62 0.97 0.62 0.05 0.61

22 When I learned mathematics, I tried to consider why I failed to solve problems. 291 0.92 0.60 —0.22 0.59

57 When I found new concepts in learning science, I considered the definition and 2.52 0.94 0.59 —0.19 0.58
example.

58 When I learned science, I summarized what I learned with tables and figures. 2.50 1.03 0.58 —0.04 0.58

17 When I found maths problems I could not solve, I tried to do so by drawing diagrams. 2.77 1.01 0.57 —0.25 0.55

18 When I learned mathematics, I tried again to solve the problems that I had failed to 2.89 0.94 0.56 —0.10 0.55
solve.

64 When I found unclear points when learning science, I asked my friends and teachers. 2.76 1.01 0.54 0.11 0.54

48 When I learned social science, I considered why such a historical event happened. 2.60 1.03 0.53 0.02 0.54

43 When I learned social science, I tried to consider how different events connect to 2.62 1.06 0.53 0.04 0.54
each other.

46 When I read textbooks concerning social science, I tried to find unclear points. 2.34 1.02 0.53 0.22 0.54

7 When I read English text, I paid attention to points where I got confused. 2.44 0.95 0.51 0.05 0.52

34 When I read (Japanese) text and found a new word, I tried to consider its meaning. 2.71 0.84 0.50 —0.01 0.50

19 When trying to remember mathematics formulas, I considered how to get the 2.50 0.98 0.50 —0.37 0.48
formulas.

49 When learning social science, I applied mental resources to points I did not 2.71 0.96 0.49 0.23 0.49
remember.

45 When I learned history, I summarized how events happened in my notes or my mind. 2.76 1.05 0.47 0.13 0.48

15 When trying to remember mathematics formulas, I memorized situations where they 2.65 0.96 0.47 —0.10 0.46
were used.

37 When I read (Japanese) text, I read slowly if I found unclear points. 3.04 0.92 0.45 0.05 0.45

8 When trying to remember English words, I concentrated on words I did not 2.77 1.01 0.45 0.19 0.45
remember.

4 When trying to remember English words, I paid attention to situations where the 2.38 0.94 0.44 —0.28 0.43
word was used.

30 When reading (Japanese) text, I tried to summarize the meaning of each sentence. 2.44 0.96 0.43 0.09 0.44

6 When I found unknown words, I took a guess based on the context where they were 2.85 0.97 0.43 —0.11 0.43
used.

32 When I read (Japanese) text, I considered how content related to knowledge I already 2.37 0.95 0.43 0.04 0.44
had.

63 When learning science, I used study aids. 2.52 1.11 0.42 0.03 0.42

23 When learning mathematics, to prevent failure, I wrote points for attention in my 1.95 0.95 0.42 0.03 0.42
notebook.

35 When finding difficult words in (Japanese) text, I paraphrased using easy expressions. 2.47 0.93 0.41 0.03 0.41

24 When I found unclear points while learning mathematics, I asked my friends and 2.86 0.97 0.39 0.18 0.39
teachers.

36 When I read (Japanese), I set myself some questions to check my understanding. 1.77 0.84 0.38 0.18 0.39

20 When I learned mathematics, I checked whether answers were correct after solving. 3.11 0.98 0.38 —0.23 0.37

5 When learning English, I remembered words by identifying prefixes and suffixes. 2.39 1.06 0.38 0.05 0.37

44 I talked with my friends or family about history. 2.39 1.11 0.37 0.19 0.38

29 When I found difficult words while reading (Japanese), I looked them up in the 2.73 0.96 0.37 0.10 0.37
dictionary.

13 When I learned mathematics, I used study aids. 2.43 1.02 0.36 0.17 0.37

47 When I learned history, I tried to understand the big sweep of time rather than the 2.83 0.97 0.36 0.19 0.37
details.

(Continued)
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TABLE 3 (Continued)

10.3389/feduc.2022.921844

Item M SD  Factor loading Results
analyzing only
one factor
F1 F2
60 When I learned science, I watched TV programs or read journal concerning science. 2.01 1.05 0.36 0.05 0.35
31 When I found unclear meanings in conversation with others, I asked questions about 2.27 0.95 0.34 0.13 0.34
them.
9 When I read English text, I looked words up in the dictionary if I found unknown 2.87 0.94 0.33 0.19 0.33
words.
28 When trying to remember Chinese characters, I memorized similar or opposite ones 2.11 0.92 0.32 0.15 0.32
too.
21 When I learned mathematics, I copied correct answers in my notebook or on exam 2.87 1.06 0.30 0.08 0.30
papers.
16 When I learned mathematics, I considered how answers were gotten by reading 2.76 0.91 0.30 —0.07 0.30
correct ones.
27 When trying to remember Chinese characters, I memorized radicals or origins of the 2.01 0.94 0.29 0.06 0.30
words.
38 When I learned social science, I read books or articles on topics I found interesting. 2.77 1.05 0.29 0.11 0.30
10 When I learned English, I read English text in books, magazines, or newspapers. 1.66 0.89 0.29 —0.15 0.29
62 I tried to participate in scientific learning programmes held in the area or in the 1.50 0.89 0.27 0.06 0.27
school.
53 When I learned science, I memorized the content without considering the reason for 2.12 1.01  —0.17 0.64
it.
14 When trying to remember mathematics formulas, I did not consider why they were 2.11 1.03  —0.19 0.61
like that.
52 When I found unclear points when learning science, I just memorized those. 2.51 1.03 0.13 0.58
39 When I learned history, I remembered points that seemed important using rote 291 0.98 0.20 0.54
memorization.
40 When I learned history, I rehearsed years of historical events or the events 2.44 1.06 0.12 0.54
themselves.
12 When I learned mathematics, I remembered the procedure as much as possible. 2.48 0.92 0.05 0.53
26 When trying to remember Chinese characters, I memorized them by writing 3.03 1.02 0.12 0.47
repeatedly.
1 When trying to remember English words, I memorized them by writing them 2.53 0.96 0.10 0.46
repeatedly.
3 When trying to remember English words, I used Japanese translations and no 1.91 092 —0.04 0.45
example sentences.
41 When trying to remember the years of historical events, I memorized them using 2.56 1.04 0.22 0.42
rhyming words.
25 When trying to remember Chinese characters, I memorized them using rehearsing. 1.90 1.04 0.09 0.42
2 When trying to remember English words, I memorized only Japanese translations. 1.76 0.87  —0.02 0.36
33 When learning Japanese, I used rote memorization without understanding difficult 1.63 0.85 —0.11 0.36
content.
42 When I learned history, I used comic books, TV programmes, or games concerning 2.10 1.08 0.17 0.33

history.

interpretation is difficult because an ICC is given for each
response value. Therefore, the present study gives priority to
ease of interpretation and reports the results of the binary IRT.
Parameters were estimated using a total of 45 items and IRT.
The results are presented in Table 4, grouped by subject area
for readability; note that IRT is not carried out separately for
each subject area. Examples of the ICCs obtained are shown
in Figure 4. The acquisition scores were also estimated. The
value of the discrimination parameter in all items was greater
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than 0.55, suggesting that there were no items with a low
discrimination parameter value.

Examination of learning strategies used by each university
revealed that students at the higher-performing universities
actively used deep cognitive and metacognitive strategies;
however, they used strategies that utilized external resources less
frequently. For example, learning strategies such as “I tried to
participate in scientific learning programmes held in the area or
school” or “When I learned English, I read English text in books,
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Scree plot of factor analysis.

magazines, or newspapers~ had item difficulty values above 2.0.
These strategies were also used less frequently by students at
universities with higher academic achievement. However, this
should be examined in future studies.

Relationship between learning strategy
acquisition and academic achievement

If learning strategy acquisition level highly correlates with

academic achievement, it might provide evidence for its
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FIGURE 3

The correlation between students’ acquisition scores obtained
from item response theory (IRT) with binary data and
polytomous IRT.
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validity. The average acquisition scores for each university
were calculated to examine the relationship between acquisition
level and academic achievement. Note that the study included
students from several universities and grades. Therefore, it
is not possible to analyze academic achievements using a
unified index. However, the university itself is considered
to broadly reflect the learners level of study. In particular,
it has been suggested that in Japan, higher education plans
are determined mainly by academic ability and less by
other influences (Kariya and Rosenbaum, 1987). Kariya and
Rosenbaum (1987) collected data for junior high schools,
but the idea is that Japanese students do not change
significantly, even when they are aiming to go on to
university. Therefore, individual differences in the level
of acquisition of learning strategies are related to the
level of university, which is considered a manifestation of
academic ability in a broad sense. The purpose of this
analysis is to show that the theta resulting from this
study may provide a background for a certain type of
academic ability.

As shown in Figure 5, average acquisition scores, arranged
in order, correspond to academic achievement as estimated
by the Japanese university rankings (i.e., Universities A
and B =
and D =
lower-ranked). The result suggests that the participants’

comparatively higher-ranked, Universities C
middle-ranked, University E = comparatively
level of mastery of the use of deep-processing learning
strategies may be part of the background to their high
academic performance.
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TABLE 4 Results of item response theory (IRT) analysis.

Item Item difficulty Item discrimination
Estimates SE  Estimates SE
Learning Strategies in Mathematics
20  When I learned mathematics, I checked whether answers were correct after solving. —1.42 0.21 0.96 0.15
22 When I learned mathematics, I tried to consider why I failed to solve problems. —0.67 0.10 1.66 0.21
18  When I learned mathematics, I tried again to solve the problems that I had failed to solve. —0.51 0.10 1.51 0.19
24  When I found unclear points while learning mathematics, I asked my friends and teachers. —0.82 0.17 0.84 0.13
21  When I learned mathematics, I copied correct answers in my notebook or exam papers. —1.09 0.27 0.57 0.12
17 When I found math problems I could not solve, I tried to do so by drawing diagrams. —0.39 0.10 1.36 0.17
16  When I learned mathematics, I considered how answers were gotten by reading correct ones. —0.83 0.24 0.55 0.11
15  When trying to remember mathematics formulas, I memorized situations where they were used. —0.36 0.12 1.03 0.14
13 When I learned mathematics, I used study aids. 0.09 0.14 0.77 0.13
19  When trying to remember mathematics formulas, I considered how to get the formulas. 0.07 0.10 1.07 0.15
23 When learning mathematics, to prevent failure, I wrote points for attention in my notebook. 1.15 0.18 1.05 0.16
Learning Strategies in Science
64  When I found unclear points when learning science, I asked my friends and teachers. —0.41 0.11 1.18 0.16
61  When Ilearned science, I tried to focus on learning parts I did not understand. —0.19 0.08 1.68 0.21
63  When learning science, I used study aids. —0.16 0.11 0.99 0.14
56  When I learned science, I tried to make clear the points that I did not understand. —0.10 0.07 1.94 0.23
59  When I learned science, I tried to consider why I failed to solve problems. —0.07 0.07 2.11 0.25
58 When I learned science, I summarized what I learned with tables and figures. —0.02 0.09 1.42 0.18
57  When I found some new concepts in learning science, I considered the definition and example. 0.04 0.08 1.77 0.22
60  When Ilearned science, I watched TV programs or read journals concerning science. 1.14 0.21 0.81 0.14
62 Itried to participate in scientific learning programmes held in the area or in the school. 2.41 0.46 0.81 0.17
Learning Strategies in Language Learning
37  When I read (Japanese) text, I read slowly if I found unclear points. —1.26 0.21 0.84 0.14
34  When I read (Japanese) text and found a new word, I tried to consider its meaning. —0.39 0.11 1.09 0.15
29  When I found difficult words while reading (Japanese), I looked them up in the dictionary. —0.53 0.16 0.75 0.13
35 When finding difficult words in (Japanese) text, I paraphrased using easy expressions. 0.12 0.13 0.81 0.13
30 When reading (Japanese) text, I tried to summarize the meaning of each sentence. 0.35 0.13 0.82 0.13
32 When I read (Japanese) text, I considered how content related to knowledge I already had. 0.43 0.12 1.00 0.15
31  When I found unclear meanings in conversation with others, I asked questions about them. 0.88 0.21 0.66 0.13
28 When trying to remember Chinese characters, I memorized similar or opposite ones too. 1.26 0.26 0.67 0.13
36  When I read (Japanese), I set myself some questions to check my understanding. 1.67 0.25 1.05 0.18
27  When trying to remember Chinese characters, I memorized radicals or origins of the words. 1.71 0.36 0.63 0.14
Learning Strategies in Social Science
47  When I learned history, I tried to understand the big sweep of time rather than the details. —0.78 0.17 0.80 0.13
38 When Ilearned social science, I read books or articles on topics I found interesting. —0.75 0.23 0.55 0.11
45 When I learned history, I summarized how events happened in my notes or in my mind. —0.43 0.12 1.00 0.14
49  When learning social science, I applied mental resources to points I did not remember. —0.40 0.11 1.10 0.15
43 When I learned social science, I tried to consider how different events connect to each other. —0.14 0.09 1.36 0.18
48 When I learned social science, I considered why such a historical event happened. —0.12 0.09 1.35 0.17
44 I talked with my friends or family about history. 0.27 0.14 0.76 0.13
46  When I read textbooks concerning social science, I tried to find unclear points. 0.33 0.10 1.26 0.17
Learning Strategies in English Learning
9  When I read English text, I looked words up in the dictionary if I found unknown words. —1.34 0.35 0.49 0.11
6 When I found unknown words, I took a guess based on the context where they were used. —0.70 0.15 0.91 0.14
8  When trying to remember English words, I concentrated on words I did not remember. —0.60 0.14 0.91 0.14
7 When I read English text, I paid attention to points where I got confused. 0.13 0.10 1.17 0.16
4 When trying to remember English words, I paid attention to situations where the word was used. 0.21 0.12 0.96 0.14
5  When learning English, I remembered words by identifying prefixes and suffixes. 0.27 0.13 0.81 0.13
10 When I'learned English, I read English text in books, magazines, or newspapers. 2.73 0.61 0.66 0.16
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Examples of item characteristic curves (ICCs) in items concerning mathematics. (A) ICC of Item 20 “When | learned mathematics, | checked
whether answers were correct after solving.” (B) ICC of Item 18 "When | learned mathematics, | tried again to solve the problems that | had
failed to solve.” (C) ICC of Iltem 23 "When learning mathematics, to prevent failure, | wrote points for attention in my notebook.”
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Average acquisition scores for students in each university. The vertical bars show the standard deviations.

Discussion

Summary of the findings in the present
research

This study analyzed students’ levels of learning strategies
using IRT and specified the ease or difficulty level of each
strategy. Traditionally, learning strategy research did not
consider the level of learning strategies among students.
Moreover, most research, which tried to promote students’
academic performance by encouraging the use of learning
strategies, usually provided instructions that were not
adjusted to individual levels. This study attempted to shed
light on this aspect.

After confirming the one-dimensionality, IRT analysis
was applied to all deep-level processing types of items.
Moreover, the positive relationship between the acquisition
score retrieved from this analysis and academic performance
was confirmed. We also specified the appropriate learning
strategy for a specific learner level. Although academic
achievement was evaluated by the university’s rank, a
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clear relationship was demonstrated. This means that the
0 assessed by the questionnaires might be the basis of
academic achievement.

How to utilize the findings of the
current study

This manuscript proposes a framework as a basis for
ensuring that students can be advised according to their level
of acquisition of learning strategies. Although it is limited in
that it only proposes a basic framework that has not yet led
to actual support, it proposes a direction for the use of this
framework in the future.

First, applying this idea in educational practice should
involve utilizing it in assessment as well as in the results of
personalized interventions. Although current personal tutoring
research mainly focuses on instruction in specific subject-
related knowledge, such as biology (see the review of Chi
et al, 2001; Roscoe and Chi, 2008), some studies and
practices focus on improving learning strategy use through
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Comparison of item characteristic curves (ICCs) in different subjects. (A) ICCs of Item 24 (“When | found unclear points while learning
mathematics, | asked my friends and teachers”) and Item 64 ("When | found unclear points when learning science, | asked my friends and
teacher”). (B) ICCs of Item 10 ("When | learned English, | read English text in books, magazines, or newspapers”) and Item 38 (“When | learned
social science, | read books or articles on topics | found interesting”). (C) ICCs of Item 22 (“When | learned mathematics, | tried to consider why |
failed to solve problems”) and Item 59 ("When | learned science, | tried to consider why | failed to solve problems”).

personal tutoring; for instance, Craig et al. (2000) demonstrated
the enhancement of questioning skills by tutoring. Another
personal tutoring study conducted in Japan, referred to
as “cognitive counseling” (Ichikawa, 2005; Ichikawa et al,
2017), aimed to develop autonomous learners and utilized
cognitive psychology. Currently, counselors with a strong
background in cognitive psychology manually assess clients’
learning strategy acquisition levels based on their materials.
Based on the findings of this study, tutors or counselors can
assess learners’ strategy acquisition levels and teach appropriate
learning strategies.

Second, this framework can also be used in classroom
instructions to support the complex task of adjusting them
according to each student’s needs. This can be done in
several ways. For instance, the framework can provide teachers
with information on what kinds of learning strategies are
used. They can also assess average strategy acquisition levels
among students and help teachers adjust their instructions
accordingly. Moreover, effective classroom interventions can
be implemented, for example, to construct subgroups that
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share similar levels of learning strategies, and provide tailored
instruction to the levels in those respective groups.

Based on the assumption that learning strategies with
item difficulties at the same level as acquisition scores are
recommended, more concrete suggestions to apply these
findings in classroom instruction are reflected below. When
students’ average acquisition score is approximately § = —1.0
(not so high), the following learning strategies might be effective
(many of these provide ways to deal with failure in problem-
solving or perceived difficulty in learning).

e Item 20: When I learned mathematics, I checked
whether answers were correct after solving.

e Item 37: When I read (Japanese) text, I read slowly if I
found unclear points.

e Item 18: When I learned mathematics, I tried again to
solve the problems that I had failed to solve.

e Item 24: When I found unclear points while learning
mathematics, I asked my friends and teachers.
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e Item 9: When I read English text, I looked words up in
the dictionary if I found unknown words.

If the students’ average acquisition score is approximately
0 =0 the
might be effective.

(moderate), following learning strategies

e Item 58: When I learned science, I summarized what I
learned with tables and figures.

e Item 35: When finding difficult words in (Japanese) text,
I paraphrased using easy expressions.

e Item 5: When learning English, I remembered words by
identifying prefixes and suffixes.

e Item 4: When trying to remember English words, I paid
attention to situations where the words were used.

If students’ average acquisition score is approximately
6 = 1.0 (comparatively high), more advanced learning strategies
might be appropriate. At this level, advanced strategies
that utilize engagement with authentic resources, such as
journal articles or community-provided learning programs
outside of school, would be useful. The following items
provide such examples.

e Item 60: When I learned science, I watched TV
programs or read journals concerning science.

e Item 10: When I learned English, I read English text in
books, magazines, or newspapers.

e Item 62: I tried to participate in scientific learning
programmes held in the area or in the school.

Future directions and questions arising
from this study

It is worth discussing the future research directions that
emerge from this study. One such direction is to integrate
more students as participants. The 6 calculated in this study
was based on university students’ reflections on their practices
and learning during high school. However, high school is not
the only stage relevant to this model. For example, Uesaka
(2010) instructed junior high school students (eighth grade)
in metacognitive learning strategies, reviewing how to analyze
failures regarding cognitive counseling, which succeeded in
inducing the transfer of learning strategies. Studies in the
personal tutoring context and meta-analysis by Dignath et al.
(2008) demonstrated the effectiveness of learning strategy
instruction at younger school levels, specifically, elementary
school. University students should also be instructed in effective
learning strategies (Manalo and Henning, 2017). Integrating
data right from elementary school to the university level would
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reveal the learning strategy acquisition order, contributing to
high-quality education over the entire learning period.

The second direction is to collect a wider range of items for
the analysis. This study applied IRT analysis to items that could
be retrieved from previous work and classified them as cognitive,
metacognitive, or external resource utilizing strategies. The
study could not integrate all types of learning strategies due to
time limitation in implementing the questionnaire. However, if
the range of participants were expanded, it would be necessary
to integrate an increasing number of learning strategies; for
example, if we want to cover elementary school students,
more items with easier acquisition orders should be integrated.
Although this study did not do so, the IRT equating method
might be worth using, wherein common items are included
for every participant and item parameters are calculated
consistently for every age group.

The third direction is to examine in more detail the
relationship between data on the level of learning strategies and
academic achievement. In this study, we divided the university
levels into three categories and examined their relationship to
the learning strategy levels obtained. In the future, it will be
important to obtain data on individual academic achievement
and verify its relationship with learning strategy levels.

Finally, it is worth examining how the use of similar
strategies varies across subjects. This study used various types
of learning strategies so that the findings could help teachers
gain concrete suggestions regarding which strategies should
be employed in different subject areas. The results raised the
question of whether learning strategy use differed depending
on the subject area. For example, as shown in Figure 6, the
pair of ICCs comprising Item 24 (“When I found unclear
points while learning mathematics, I asked my friends and
teachers”) and Item 64 (“When I found unclear points when
learning science, I asked my friends and teachers”), and the
pair of Item 10 (“When I learned English, I read English text
in books, magazines, or newspapers’) and Item 38 (“When
I learned social science, I read books or articles on topics I
found interesting”) were different, even though the types of
learning strategies were similar. However, a pair of ICCs for
Item 22 (“When I learned mathematics, I tried to consider why
I failed to solve the problems”) and Item 59 (“When I learned
science, I tried to consider why I failed to solve the problems”)
were similar. A more detailed examination of the relationship
between learning strategy use and subject areas is one of the
most important topics for future investigation.
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Classroom teaching is a kind of social activity system. Thus, as a form of
classroom learning, collaborative problem solving has a strong social attribute.
It is extremely common to choose the conflict discourse in the context of
cooperation. The verbal characteristics of the conflicting discourse level in
cooperative mathematics problem solving directly affects the cooperative
learning between students and the classroom teaching of teachers. This article
focuses on the overall linguistic characteristics of conflict discourse in solving
cooperative problems and the discourse style and language characteristics
of the three stages of conflict discourse. The main research conclusions
are as follows: (1) The classification of language features of conflict
discourse includes extreme summaries, negation, discourse markers, and so
on. Among them, the frequency of Indexical 2nd-person pronouns is the
highest. (2) The language expressions at the “initial stage of conflict” include
Explanatory statement Negative response, instruct refuse and Seditious inquiry
Confrontational answer. The language shows the characteristics of using
emphatic words or phrases, negative words, imperative sentences and so on.
Meanwhile, rebuttal questions, direct responses, explanations, and negative
avoidance are the main forms language expressions at the “conflict stage.”
It also exhibits the verbal characteristics of rhetorical questions, negative
comments, and direct negation. Lastly, topic-shifting, compromise, third-
party intervention, and one-sided wins are the linguistic expressions at the
“end of conflict.” The language features are the appearance of tone relaxation
and language easing, and the conflict ending utterances reflect cooperation.

mathematical problem solving, collaborative learning, conflict talk, discourse
analysis, linguistic features
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Introduction

Cooperation is an important driving force behind the
development of human society, and cooperation skills have
become one of the most essential qualities for citizens the 21st
century. As an important teaching method, various countries
have paid increasing attention to cooperative problem-solving
in recent years. Students start by realizing social interaction in
the process of problem solving, which subsequently improves
cooperative cognition. As early as the beginning of the
21st century, the United Nations Educational, Scientific,
and Cultural Organization (UNESO) regarded teamwork and
problem-solving skills as essential qualities for citizens of
the 2Ist century (OECD, 2020). In 2013, the PISA 2015
Cooperative Problem Solving Framework Draft published by
the International Student Assessment Project introduced the
Collaborative Problem Solving (CPS) test for the first time
(Lin, 2016). “Chinas Compulsory Education Mathematics
Curriculum Standard (2011 Edition pagell)” pointed out:
“Experience the process of cooperating and communicating
with others to solve problems.” The latest 2022 edition (page
1) also pointed out: “Help students develop the habit of
independent thinking and the willingness to cooperate and
communicate.”

This article mainly studies the verbal characteristics of
the conflicting discourse in cooperative mathematics problem
solving. It refers to Scotts (2002) language classification
of conflicting discourse in combination with the language
characteristics of middle school students in the process of group
cooperation in a Chinese classroom environment to identify the
characteristics of conflict words and their distribution trends in
the process of cooperative mathematics problem solving to lay a
foundation for the further analysis of the impact of speech and
distribution trends with different characteristics on cooperative
problem-solving. Conflict discourse is a catalyst to help solve
cooperative problems (Cazden, 2004). Effective conflict in the
classroom can prompt group members to re-examine their
initial opinions, promote the verification of a students point
of view, effectively strengthen students’ motivation to obtain
information, and enhance students’ motivation to learn. At the
same time, it can encourage learning to actively communicate
with others and improve interpersonal communication skills.
Conflicts caused by different cognitions among students are
very beneficial for them to acquire real knowledge. Solving
the conflict in the process of discussion drives the further
development of students.

At the same time, Conflict discourse is the normal state
of group members’ discourse choice and negotiation in the
context of cooperation. Studying Conflict Discourse in students’
cooperative problem solving will help group members further
grasp the rules of verbal communication and better understand
the power of the team in cooperative learning; Teachers can
understand the dynamic process of students’ discourse conflict
according to the occurrence, development and ending process
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of conflict discourse, grasp the interaction law, and provide
targeted intervention guidance for group cooperative learning,
which has important theoretical and practical significance.

Literature review

Status quo of research on cooperative
learning based on problem solving

In 1926, some scholars discussed the cooperative problem
1977).
solving integrates the two capabilities of problem solving

solving (Alschuler et al, Cooperative problem-
and cooperation. Since the 1980s, there has been more and
more research on problem-solving, especially in the field of
education in the United States and Australia. There is a deep
interest in this field (Goos and Galbraith, 1996). Since the 21st
century, team-based problem solving has been increasingly
recognized as having a vital impact on society. Enterprises and
society have paid more and more attention to the power of
teamwork as well as how interpersonal relationships and the
problem-solving abilities of staff are related. In 2013, the PISA
2015 Collaborative Problem Solving Framework Draft included
the cooperative problem solving test as part of their test content,
with problem solving ability being an important marker of
mathematical ability. The problem solving ability has been
valued by the United States (Li and Cao, 2019), Finland (Yu
and Cao, 2017), and other countries that have achieved good
results in the PISA test. In the newly announced PISA 2021
math test framework, the definition of mathematics literacy is
clearly defined, with mathematics communication and problem
solving an important part of it (Cao and Zhu, 2019).

Yang and Wang (2019) racked and studied the dynamics
of cooperative problem-solving research on the international
front and came to a series of important conclusions. At present,
cooperative problem-solving mainly focuses on the following
six hot topics: distributed cognition, cooperative learning, co-
building scaffolding, experimental teaching, peer guidance and
chemistry. The relatively new research content in the field
of mathematics education currently includes multidisciplinary
research, early childhood education, and green chemistry
research. It is more common about holistic cognition and
sequential cognition in the research of cognitive style, and there
are some new development trends in this research field. In terms
of the cognitive approach, the theory of situational cognition
has gradually shifted to the theory of distributed cognition;
in terms of education, it has shifted from a single subject
to multiple cooperation; in terms of content, it has shifted
from traditional subjects to emerging subjects (Yang and Wang,
2019). In China, the research on cooperative problem solving
mainly focuses on the macro level, such as the evaluation of
cooperative problem solving ability (Hao and He, 2019), the
cultivation of cooperative ability, and the model of cooperative
learning (Cao and Bai, 2018).
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Research on conflict discourse in
mathematical cooperation problem
solving

In the process of cooperative problem solving, conflict
is inevitable. This conflict usually manifests in the form of
“cognitive conflict,” which is caused by different views on the
problem rather than other forms of social conflict such as
emotional conflict (Shi and Du, 2008). Johnson claims that
conflict occurs when “the two parties in the communication
hold different views or opinions, and they want to reach an
agreement (Zhang, 2020).” The purpose of cooperative learning
is to solve problems and for team members to reach a consensus.
Team members use various forms of interaction to achieve a
new balance among themselves in the form of conflict and
negotiation.

The
learning is divided into two stages: the individual knowledge

cognitive construction process of cooperative
construction stage and the cooperative joint structure stage
(Liuv and Wang, 2008). The stage of individual knowledge
construction is the process by which individuals compare
their own mental model with the presented material and
with other mental models after being presented the learning
materials. The cooperative joint structure stage can coordinate
differences and is a process of refinement, discussion, and
conflict (Wang, 2004). Alexopoulou and Driver (1997) proved
the dual nature of conflict in cooperative learning and
concluded that “arguments are composed of other effective
types of expressions.”

international research on

To sum wup, the current

conflict discourse mainly includes theoretical research
on the definition and function of conflict discourse. The
empirical research mainly focuses on the structure and
language characteristics of conflict discourse, but most of them
are conducted from the perspective of daily conversation.
However, there is still a certain research space to explore
the types and styles of conflict in classroom teaching
from the perspective of mathematics classroom based
on real corpus. Research on the conflict and negotiation
process of cooperative mathematics problem solving is our
focus. This article mainly analyzes the conflict language
characteristics in cooperative mathematical problem solving,
and empirically studies the conflict and negotiation events
in the context of mathematical problem solving based on the

existing research.

Theoretical framework

Social interdependence theory is an important theoretical
basis of cooperative learning. It mainly discusses the action
efficiency, internal psychological process, interaction mode
and results of individuals when they interact in cooperative
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and competitive social situations. In 1935, Kurt Kafka,
the founder of Gestalt psychology in Germany, first put
forward the view of “the integrity of group dynamics.” In
1949, the disciple of Lewin, Dodge, developed his theory
and proposed two types of positive and negative social
interdependence, which directly affected the interaction mode
and psychological process of both sides of communication.
Then the Johnson Brothers, Dodges disciples, constructed
a systematic “social interdependence theory” based on their
social interdependence theory, forming a series of operable
procedures, As shown below:

| Social interdependence

Have common goals No common goals l No interdependence

Positive interdependence l Negative interdependence

get some action

Effectiveness l Invalidity

Psychological process

Substitutability

Work alone

Irreplaceable .
8 No interaction

Active engagement Negative engagement

Inducibility Resistance

Interaction mode

‘ Results: academic achievement, interpersonal relationship and mental health

In the process of cooperative learning, positive social
interaction should have a good performance in both action
and emotion. Conflict is common in cooperative situations.
No matter positive or negative interdependence, different
individuals will conflict about how to achieve the goal of
reciprocity. Facing such a problem, we should face the conflict
directly, trust and help each other, and deal with the conflict
constructively through the circular system thinking mode of

»

“difference coordination unity.” In the process of positive
interaction, individual self-education and self-improvement, so
as to complete self transcendence and finally realize self-worth.

In short, from the content of cooperative mathematics
problem-solving research, cooperative learning, cognitive
interaction, social interaction, peer guidance, etc. are currently
the hot issues in the international research on Cooperative
problem-solving. At present, the relatively new research
contents in the field of mathematics education include
multidisciplinary integration research, education at an early
age of children, and cognitive style research. There are more
holistic cognition and sequential cognition, and there are some
new development trends as a whole. In terms of cognitive
approach, it gradually turns from situational cognitive theory
to distributed cognitive theory; In the aspect of educational
subject, from single subject to multiple cooperation; In terms of
problem content, it has shifted from traditional disciplines to
emerging disciplines. The research on conflict and negotiation

in the process of cooperative mathematics problem solving has a
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certain research space. Based on the existing research, this paper
empirically studies the conflict and negotiation events in the
context of mathematical problem solving. Based on the analysis
of the existing literature, it is found that there are few studies on
the types of Conflict Discourse in classroom teaching, especially
in the process of group cooperative problem-solving learning.
In mathematics education research, the Conflict Discourse
Research of cooperative learning is still a blank. Through this
research, we can deeply analyze the social interaction in the
process of students’ cooperative problem-solving, and then
further analyze its impact on the effect of cooperation.

Research design

Research questions

>«

Existing research mainly analyzes students’ “cooperative
problem-solving ability” from the perspective of assessment
ability, but there have been few instances of interactive research
on cooperative problem solving in classroom learning, especially
in the mathematics classroom. Therefore, this topic will focus
on the following issues: (1) What are the overall linguistic
characteristics and distribution trends of conflicting discourse
in solving mathematical cooperation problems? (2) What are the
language expression methods and language characteristics at the
three stages of “conflict initiation, conflict and negotiation, and
conflict end” in solving mathematical cooperation problems?

Participants

The research data of this paper comes from the Sino
Australian cooperation project “The Social Essentials of
Learning (SEL): An experimental investigation of collaborative
problem solving and knowledge construction in mathematics
classrooms in Australia and China,” Specifically, it comes
from the 2018 national general topic of the 13th 5 years
plan of China’s Educational Science (BHA180157): “empirical

10.3389/fpsyg.2022.945909

research on cognitive interaction and social interaction and their
relationship in middle school students’ cooperative problem
solving” Researchers have been involved in the collection
and collation of project data since 2018. All the participants
are Chinese students, these students get used to group
work in their everyday mathematics classroom learning. In
the collected video data, the video data of four peoples
cooperative problem-solving is selected as the data source,
because the participation of the four-person cooperation group
is relatively high, and the conflict discourse phenomenon is
relatively prominent.

The data of this study used a total of 67 groups in eight
classes of grade one in L middle school and Y middle school
in B city. The group with blurred image and sound and the
group with more than 4 people were removed. 48 groups were
used in this study.

A study by Bruxelles and Kerbrat-Orecchioni (2004) pointed
out that the distinguishing feature of multi-person conversation
is “alliances” where people with the same opinion will unite to
refute another person’s point of view, which is more likely to
cause conflict. The themed task of the four-person group is:
“Xiao Ming’s Apartment” (Figure 1).

In this study, the 48 groups with no or little intervention by
the teacher was selected as the research object. In this state, the
verbal interaction between group members is free and real.

Research methods

This research focuses on text analysis, and the research steps
are as follows: First, the collected video data is text-transcribed
to obtain the most basic text data and build the corpus of this
research. Secondly, the corpus is further analyzed after using
Python software to segment the text. The specific operations are
as follows:

Adopting the combination of the retrieval function of
the corpus retrieval software Antconc and the retrieval and
screening of Excel to realize the analysis of text data, so as to
realize the collection and sorting of the characteristics of the

of all rooms.

Xiao Ming's Apartment: There are five rooms in Xiao Ming's Apartment and the total area of

the apartment is 60 square meters.(each group has 20 minutes to discuss)

1. Please draw a picture showing Xiao Ming's apartment.

2. Label each room in the apartment and show the function and dimensions (length and width)

FIGURE 1
The math problem of “Xiao Ming's Apartment.”
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hedge sudden language, and then use the jieba in Python to
segment the corpus, and use the antconc software to count the
word frequency. The python program is as follows:

| & Python 3.8.2 Shell = 8 %

File Edit Shell Debug Window Help

Python 3.8.2 (tags/v3.8.2:7b3ab59, Feb 25 2020, 22:45:28) [MSC v.1916 32 bit (In -«
tel)] on win32 [
Type “help”, “copyright”, “credits” or “license()” for more information.
55> with open( C:/b.txt’, r’ )as £:
or line in f:

seg = jieba. cut (line. strip(), cut_all = False)

output = /7.

ith open(’C:/a.txt’, at+’ )as s:

s.write (output)

Options

Specific analysis methods also include classroom video
observation and case analysis.

Classroom video observation method takes real-time video
as a technical means, and has unique advantages in analyzing the
speech behaviors of teachers and students in classroom teaching.
It can repeatedly observe and record the target characteristics,
and analyze the speech behaviors of students scientifically
and systematically through group and individual comparative
comprehensive research. For different research problems, pre
class interviews with teachers and students were conducted
before and after the data were collected in the class, mainly
to examine the understanding and participation of teachers
and students in cooperative problem-solving activities. After
all the preparatory work is completed, based on the recording
classroom and video equipment, collect and summarize the data
of students’ communication audio, video, task list and so on
in the process of solving cooperative problems, and carry out
coding analysis.

Case analysis method, also known as case study method,
is to study specific individuals, units, phenomena and themes,
collect relevant data, determine research cases, sort out and
analyze the generation and development process of research
objects, analyze internal and external factors and mutual
relations, and strengthen a more in-depth and comprehensive
understanding of the problem. When analyzing the Conflict
Discourse Structure in the argumentation process, this study
mainly adopts case studies, selects representative focus cases
for analysis, and makes a comprehensive and systematic in-
depth study on the conflict in the argumentation process in
cooperative learning.

Construction of coding system

When dividing conflict events, we should start from two
aspects: task conflict and relationship conflict, and mainly
consider three aspects. First, during the discussion, the
panel members had different views; Second, the dialogue
among the group members is confrontational; Third, the
group members have strong emotional expressions when
the conflict occurs. Conflict events mainly have three
links: initial stage of conflict, Conflict and Negotiation
stage. When dividing
should pay attention to whether

stage and the end of conflict

conflict events, we
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these three links are complete. In particular, the end of
conflict in the third link has a variety of forms, including
stalemate, compromise, concession, successful negotiation,
transfer conflict, etc (Table 1).

Results

The overall linguistic features of
conflict discourse in mathematical
cooperation problem solving

in the
process of cooperative problem solving. This paper uses the

Verbal conflict is the main form of conflict

collected video of 48 teams (each team consists of four
people) engaged in cooperation problem solving as a corpus
database to analyze the verbal characteristics of conflicting
language in cooperative problem solving. The classification
of discourse features in this article is based on the work
of Scott (2002). The language classification of Scott’s conflict
discourse is divided into 12 different types. On this basis,
this article combines the language characteristics of middle
school students in the process of group cooperation and
constructs the language characteristics and distribution trends
of conflict words in the process of middle school students
cooperative mathematics problem solving in the classroom
environment of our country. We then further analyze the
influence of different characteristics of speech and their
distribution trends on the effectiveness of cooperative problem
solving.

Classification of conflict language features

Based on the prominence of the conflict, Scott (2002)
classified the verbal characteristics of conflicting discourse
into twelve categories: extreme generalizations, negative forms,
discourse markers, emphasis, turn-taking, discourse fluency
markers, second-person pronouns, modality vocabulary,
repetition, question sentence, turn length, and topic avoidance
(As shown in Table 2).

This study is based on Scott’s classification of language
features of conflict words. Through the preliminary analysis
of the research object, combined with the speech features of
Chinese middle school students in cooperative mathematics
problem solving, a speech feature classification suitable for
conflict words in this study is constructed. It is mainly embodied
in 10 types: extreme generalizations, negative forms, discourse
markers, emphatic words, turn-taking words, second-person
pronouns, modal words, repetition, rebuttal questions, and
topic avoidance. We further combine the conflict fragments
in the corpus to determine the analysis unit, determine the
similarity pattern in the use of language features in the
problem task environment, and analyze its meaning and
main feature words.
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TABLE 1 Conflict stage and coding.

10.3389/fpsyg.2022.945909

Conflict stage Student Speech characteristics Code
S2 Multiply by what, equal to 60? M1
Initial stage of conflict S3 tagging. M2
S1 First think, first think wide. First think about the possibilities of M3
length and width
S2 2,3 M4
Conflict and Negotiation stage S1 It’s impossible to multiply by 60. It's impossible to be 2 m wide. M5
S3 If it’s at least 5 m or 10 m wide, right? If it’s 10 m wide, its 12 m M6
S1 long. M7
S2 There are five rooms. M8
S1 Five rooms, yes, first of all, if he, if the length is calculated M9
S4 according to the integer solution, then 10, if the width is 6, the M10
S1 length is 10, right, if the width is 8, can 8 be divided? M11
It can be done.
8 can be divided.
Don’t you think it’s too square.
15.5
S2 In fact, the formula is better. Let’s use the 10. 10 and 6 are better, MI12
The end of conflict stage S1 the smaller the difference, the better M13
S2 Yes, the smaller the difference, the better. The bigger the M14
S1 difference, the bigger you think it is. M15
S2 Yes Mi16
S4 But it can’t be too different. It’s absolutely impossible to be thin. M17
S2 Then 6 and 10. Mi18
S1 6 and 10, 8 and 7.5 are the best. M19

Width is 6.
Yes, you two draw 6 and 10, and we draw 7 and 15.

TABLE 2 Classification of language features of conflict discourse.

Classification

Expressions of conflicting discourse

Extreme summaries
(Absolutes)

Negation
Discourse markers

Emphatics

Floor bids

Flow

Indexical 2nd-person
pronouns

Modals

Repetition
Questions
Turn length

Uptake avoidance

All, anyone, anything, anywhere, all, every, every
person, everything, no matter where, never, no
one, no, no place, impossible, must, absolute, sure,
certain, definite, only

No, wrong, false, can not, no way, not at all
But, now, ok, then

There are indeed, many, more, most, real, true, for
example, in case, if

Let me come to him/her/us + verbs (for example,

speak), wait a moment

You, all of you, yourself, your selves

Possibility: be able to, can, maybe, probably
Necessity: must, should

Predictive: shall

Semi-modal words: have to do something

Restatement of words and sentences
Interrogative sentence
In number of words per turn

Avoidance of previous topic

Absolutes

“Everyone, anyone, anything, anywhere, every, every,

everybody, everything, no matter where, never, no one, no, no
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place” etc. are common extreme generalizations in students’
cooperative learning. When the words “every,” “all,” and so on
appear in the students’ words, it means that the students are
very confident in their words and believe that all situations
are under their control, and hope that all group members
are able to accept their own opinions. In the follow-up
discussion, they will continue to emphasize these points. Such
extreme generalizations are often refuted by others because each
student’s experience and knowledge level are inconsistent and
they will have different views on different situations, which may
lead to conflicting discourse.
Fragment 1:

S3 Brother, how did you draw it?

S1 It is drawn crooked.

S2 Actually, you can do. ...

S3 All your overall straight lines are drawn crookedly.
S1 Because I watched it backwards.

S2 No, they can actually have a three-dimensional one.
S1 Does not.

S2 You can take a look first.

S1 Paper is too small.

Extreme summaries are a form that often appears in
cooperative problem solving. As in the above two segments,
S3 proposed that “all” straight lines were drawn crookedly,
and S1 retorted “No.” Because the third party S2 intervened
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to let S1 draw one first, it ended the conflict between S1 and
S3. As far as the conflicting parties are concerned, extreme
generalizations can often stimulate one of the communicators
to think about whether there are other possibilities in the plan,
and to a certain extent can promote the divergence of the
communicator’s thinking.

Negation

Negative forms are a main way of causing conflicting
discourse, which appears in the form of “no, inability, wrong,
not necessary” and other expressions. The negative form is
the most direct rebuttal. It shows that the two sides of the
communicator are on two sides that are obviously opposite, and
they hold two completely different views on the same topic.
When the negative form appears, the tone is often stronger.
Based on the face theory, the refuted party may feel that his face
is “threatened” and will further refute and emphasize his own
point of view, which escalates the conflict. If the rebutted party
does not conduct another rebuttal but instead asks for the other
party’s opinions and negotiates with the other party, then the
conflict may be eased as in the following dialogue:

Fragment 1:

S4 His house is small, you can see that it is big as a whole, so
why do you think our house is so small. Do you know why
the house is small? It’s because of the furniture.

S1 Yes, yes, there are still messes in the house.

S4 This is because it is empty.

S1 Then this living room, the cloakroom must be in front
of the living room?

S4 It is wrong, the cloakroom shouldn’t be here.

S1 Where can the cloakroom be? Is the cloakroom in the
bedroom? You wipe it, I painted it first.

S4 It is not used. For example, this is the living room, this
opens a door, this is the door, this is the door, and this
is the cloakroom.

The negative form expresses disagreement with the other
party’s point of view. S1 proposes that the cloakroom is in front
of the living room but S4 directly denies it. S1 does not refute
it further but instead asks for S4’s opinion and proposes to
draw first. S4 denies it again and then puts forward its own
ideas. In this process, S4 is in a dominant position who hopes
that the other party will accept his/her own point of view and
draw according to his/her own ideas, which is why he/she used
negative words at the beginning of the sentence. In addition to
expressing a clear negation, the tone used for opposition is also
stronger, expressing a clearer attitude of the individual.

Discourse markers

Sun and Fang (2011) conducted a comprehensive study
on the types and functions of Chinese discourse markers
and divided Chinese discourse markers into at least 17 types
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according to the word segmentation in this research, in the
cooperative problem solving, the students most commonly used
discourse markers such as “right, then, but” and so on. When
discussing a topic, the two parties will often respond with
“right,”
the dialogue and making the dialogue more coherent. After

yes,” and so on, which can play a role in connecting

the communicator is approved or affirmed, they will further
discuss their views in a more harmonious atmosphere; “Then”
can play the role of supplementary explanation to develop the
topic further and promote a new argumentation process; “but”
can play the role of “contrast” or “turning.” Both parties can
think and discuss from multiple levels and aspects, making the
discussion process more comprehensive and efficient.
Fragment 1:

S2 In fact, the square is better, let’s use the 10, 10 and 6 are
better, the smaller the difference, the better.

S1 Yes, the smaller the difference, the greater the difference
you think the bigger it is.

S2 Yes.

S1 However, the difference should not be particularly large.
S2 Let’s choose 10 m in length, 6 m in width.

S$4 6 and 10, 8 and 7.5 are the best.

S2 Tt is 6 m wide.

S1 Yes, you draw 6 and 10, then you two draw 6 and 10, and
we draw 7 and 15.

S4 1 feel special square.

S2 Yes, let’s see who is better, and then design it yourself.

After S2 put forward his own ideas, he got S1’s affirmative
answer “Yes.” The two parties in the communication reached
a preliminary agreement, and then further discussed and
improved from the same point of view, proposed their ideas,
and negotiated with each other in a harmonious discussion
atmosphere. Discourse markers can keep the dialogue
connected in meaning and promote efficient discussions
between the two parties, which have a certain promoting effect

on the final formation of a high-quality plan.

Emphatics

It is used to emphasize one’s own point of view,
mainly in the form of “does, many, more, most, true,
true, for example, such as, if, true” and other verbal
expressions. In the process of group discussion, students
often emphasize their own opinions to convince others to
get on the same page. Whether other people respond to
their own opinions determines whether the advocates further
emphasize their opinions. If they get a positive response,
then the two sides of the communicator reach a preliminary
agreement. If a negative response is received, the advocate
will re-examine his point of view and give examples to
support his claim.
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Fragment 1:

S4 10 meters in the kitchen is a bit too long, so don’t talk
about it first, and finish the question first.

S2 can only be 2 and 5. Really, my sister’s house is very long
and very narrow.

S4 Does 3 x 3 work?

S$23x3,9.

S4 let’s still choose 3 m in length and 3 m in width.

The use of emphasized language may escalate or ease the
conflicting discourse, which depends on the attitude of the two
parties in the communication. S2 claimed that “length and width
can only be 2 and 5” before giving an example of “my sister’s
house is...” to supplement his own point of view. S4 did not
directly refute S2’s claim but he tried to negotiate instead. The
attitude and tone of both parties were not strong, and the
discussion atmosphere was more harmonious, which promoted
the initial consensus of the two parties.

Floor bids

The words used to fight for the right to speak are mainly
expressions such as “let me/he/she/we come + verbs (for
example: speak, say)” “wait a moment” and so on. The fight
for the right to speak often occurs when the communicator
does not get a response after putting forward an idea, or when
the topic is changed and he wants to demonstrate his point
of view again. It may also happen when you were unsatisfied
with your first argument, did not express it clearly, and want to
attract the attention of others again in the follow-up. It is more
in line with the thinking development level of students in this
age group who want to defend their sovereignty and status, are
self-centered, and do not consider whether others are making
speeches. The language skills of students of this age group are
not perfect, and there may be unclear expression which renders
them unable to persuade others. After thinking again, students
will want to further add to their arguments. However, a sudden
interruption of other people’s speech may cause confusion in the
scene and cause conflict.

Fragment 1:

S4 draw one less.

S1 wait a moment.

S$4 Paint a little less, and paint this for the toilet.
S1 Let me take a look. What is 22 minus 8?

The topic of S4 is “Where is the toilet painted and how big
is the painting,” but S1 interrupted S4’s topic “Wait a moment”
“What is 22 minus 8?” They are not on the same topic - S1 is still
immersed in the previous topic and wants to attract the attention
of others. At this time, the discussion is in a chaotic situation,
which will cause further conflict between the two parties. If one
of the parties does not give up on their topic, then the discussion
will not proceed, which will have a certain impact on the quality
of the final plan.
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Indexical 2nd-person pronouns

The Indexical 2nd-person pronouns mainly include “you”
and “yourself.” In the process of group cooperation, when the
other person’s point of view is inconsistent with one’s own
point of view, the Indexical 2nd-person pronouns are often used
to highlight the inconsistent point of view, to show that one
has an opposing point of view, and to emphasize one’s own
point of view. The tone of the Indexical 2nd-person pronouns
is sometimes strong, and there are cases where one party in
the communication orders the other party about. Students at
this age have strong self-awareness and self-esteem, and the
commanding tone may cause students to think that they are in
a disadvantaged position. As such, they are more likely to raise
conflicts in the discussion process to defend their status.

Fragment 1:

S3 Oh. Why don’t you separate it?

S1 Do you think that painting is appropriate?
S3 then you close the window.

S1 study room must be the quietest.

S4 You will soon make the wall thicker.

Fragment 2:

S4 What is it now, do you know? An apartment belonging
to the villa category.

S1 If it gives us three layers, right? Three-storey apartment.
Each floor is 60 square meters.

S4 three sixty eight.

S1 OK, who fills it in, who fills it in.

S2 Let her draw later.

S1 You paint, you paint. It’s okay to use mine.

S3 No, I haven’t finished it yet.

S1 OK, you don’t do it. Okay, T'll do it.

In the first segment, S3 asks “Why don’t you?”, S1 responds
with “Do you think. is appropriate?” to express their own
rebuttal. To which S3 proposes “You close the window” with
a strong tone. Both parties of the communicator use Indexical
2nd-person pronouns which are inconsistent with each other. If
one of the parties insists on their views, the conflict will escalate
further. In Fragment 2, “Let’s draw” and “None of you do it”
highlights the problem of small group labor. The use of Indexical
2nd-person pronouns expresses dissatisfaction and helplessness
with the division of labor. The discussion atmosphere of the
group subtly descends into disharmony, which has a certain
impact on the quality of the final plan.

Modals

Modal verbs mainly express possibility (can and may),
necessity (must and should), prophecy (about to), while semi-
modal words express the need to do something. Modal verbs
expressing possibility are weaker than modal verbs expressing
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necessity, indicating that the speaker is not very sure, which
leaves room for one’s own expression and others’ response.
Modal verbs and semi-modal verbs that express necessity and
prophecy are stronger, indicating that the speaker has a very
positive attitude and wants others to accept his own point
of view. Words that express possibility show a willingness
to negotiate, which makes the discussion atmosphere more
harmonious and can promote initial consensus among the
communicators. Modal verbs that express more necessity may
cause strong rebuttal from the other party and escalate the
conflict. It is not conducive to the formation of the final plan.
Fragment 1:

S2 The toilet must be written smaller, the toilet, really,
someone really has a two-square-meter toilet. Then write a
larger bedroom, write a smaller kitchen, and write a larger
living room. Make a plan. How many now? How about five
square meters?

S4 It should be in circles.

S2 may have two toilets. toilet.

$4 should have a living room.

This is the discussion of the team members when planning
the function and size of the room. S2 proposed that “the toilet
must be smaller” and expressed his affirmative attitude. S4
replied that “it should be in a circle,” which supplements S2’s
point of view and affirms their own view. S2 once again proposed
that there are two toilets possibly with a weaker tone than before,
indicating that he is now more open toward the opinions of
others. To which S4 again replied “should have a living room” to
indicate that he is more affirmative and his desire for a response
from others. The use of modal verbs can promote the further
deepening of the discussion and allow the team members to
form a more satisfactory plan in the continuous argumentation.

Repetition

Repetition mainly refers to the repetition of words and
sentences, with the purpose of emphasizing one’s own point
of view and attracting the attention of others. If there is no
response, the communicator will re-emphasize it until the other
person responds to his point of view. If a negative response
is received, the communicator will look for a new basis again,
re-emphasize it, and the discussion will be further advanced.

Fragment 1:

S1 You don’t need to draw special, just mark each room,
why use it, five rooms, three rooms, two rooms, two rooms
and one living room, one kitchen and one bathroom.

S3 Two rooms and one hall, one kitchen and one
bathroom.

S1Ttisjust right, two rooms, one hall, one kitchen and one
bathroom, just right.
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S3 Two rooms, one living room, one kitchen and one
bathroom, almost the same.

This segment is a discussion on the function of the room.
S1 first proposes “two rooms and one hall, one kitchen and one
bathroom,” S3 gives a repeated response before S1 and S3 repeat
it again. The two emphasized the plan many times, highlighting
their affirmative attitude toward the plan, hoping to get the
attention and approval of others. In line with the language
expression characteristics of students at this stage, they hope
to emphasize their views through constant repetition before
finding new grounds for argumentation.

Rebuttal questions

One of the group members raised rhetorical questions about
the views or speech behavior of the other party. Such rhetorical
questions often have a provocative tone which can easily lead
to conflict. After one party in the communication raises a
rebuttal question, the other party will feel that his views have
been questioned and actively defend his position, which will
cause conflict. At this time, it may turn from task conflict to
relationship conflict, accompanied by emotional dissatisfaction
of students. If both parties in the communication keep repeating
rebuttal questions, the discussion will be put on hold, which
delays the process and is not conducive to the formation of
the final plan. If the rebuttal question is based on the task
itself, it will encourage both parties to consider their views
more comprehensively and demonstrate them better, which can
promote discussion to a certain extent.

Fragment 1:

S2 If it is me, if I paint, just draw a three-dimensional one.
$31:100, 1:10,000, 1:10,000.

S1 You can’t draw three-dimensional.

S2 Why can’t draw three-dimensionally?

S1 Just can’t draw three-dimensional.

S3 Just can’t draw three-dimensional, because yours is a
floor plan, how do you draw three-dimensional?

S1 This is a floor plan.

$4 Isn’t it the floor plan I just drew?

This clip is a conflict between the team members about the
drawing scale of the plan. S1 put forward “Can’t draw three-
dimensional” to which S2 asked “Why can’t draw?” The tone
was provocative because S2 thought that he could draw three-
dimensional pictures. This triggered S1 and S3’s rebuttal “You
just can’t draw because it is a floor plan” to which S4 again
refuted “What I just drew is a floor plan.” The rebuttal questions
that appeared in the dialogue caused emotional dissatisfaction
among other group members, which led to conflict. The use of
rebuttal questions is more in line with the thinking development
level of students of this age. Based on their existing learning and
life experience, they already have their own way of thinking and
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will remain suspicious of the opinions of others. In the process of
discussion, rebuttal questions can develop students’ dialectical
thinking to a certain extent.

Uptake avoidance

When a conflict occurs and the two sides are deadlocked,
the team members will try to avoid the conflict entirely.
The main manifestations of this include topic change, silence,
and third-party intervention. Changing the topic is the
most commonly used method. When the two parties in
the communication cannot reach an agreement and one
of them does not want to cause an argument, that party
will choose to initiate the next topic to divert attention.
When the other party feels that the dispute has not
received a response, it automatically ends the argument.
The use of topic avoidance can promote the process of
group discussion to a certain extent, avoid the emotional
dissatisfaction of group members due to disputes, and have
a certain positive effect on the final formation of a high-

quality plan.
Fragment 1:

S4 6 and 10, 8, and 7.5 are the best.

S2 The width of is 6.

S1 Yes, you draw 6 and 10, then you two draw 6 and 10, and
we draw 7 and 15.

S4 1 feel special square.

S2  Yes, lets
design our own design.

see who is better, and then
S1 Draw the frame first. You can use the pencil. I don’t have

a scale. Who can lend me? I don’t have a scale. Thank you.

When $4 put forward “I think it's a special square,” other
team members ignored it and continued to determine the
“overall area of the room” based on the opinions of other team
members. If only one group member puts forward a different
opinion, the topic will often be avoided and the discussion
continued, which has a positive effect on maintaining the
feelings between the group members.

The overall distribution trend of language
features of conflict discourse

The general trend analysis of the language characteristics of
conflict discourse takes the lexical level analysis as the object.
So seven types of conflict discourse are selected for analysis.
Based on the statistical results of computer software analysis,
the linguistic feature statistics of the vocabulary level of conflict
discourse in group cooperation are shown in the following table
(Table 3).

The above data shows that at the word level, the Indexical
2nd-person pronouns occurred at the highest frequency. In
the process of interaction, “you” was used the most, the use
of these words not only shows that the individual has a clear
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TABLE 3 Statistical table of language features at the lexical level of
conflict discourse.

Language features at the lexical level Frequency
Extreme summaries 483
Negation 886
Discourse markers 529
Emphatics 68
Floor bids 16
Indexical 2nd-person pronouns 1154
Modals 622

direction as well as the opposition and distance between oneself
and the other party, but also accuses the other party (Connor
Linton, 1989); followed by negative form words. The application
of negative form is mainly to express dissent and negate the
other party’s point of view. The application of these words is
most likely to cause conflicts between group members; The
third is the application of modal words such as can, possibly,
must, should, will, etc. The application of these words reflects
some of the negotiating significance of the team members in
the problem-solving process; There is also the application of
discourse markers such as right, then, but, and so on. The
analysis found that Floor bids occurred the least. In actual
classrooms, it is possible that some students compete for the
right to speak but do not necessarily use floor bids.

In summary, although the general trend of language features
in conflict discourse is a more general overview of the language
features of group cooperation, it can also reflect some of the
students’ language preferences in this process, which can serve
as reference for teachers looking to intervene in cooperative
classroom teaching. In the 1950s, the speech act theory was
first proposed by the British philosopher J. L. Austin. After
this theory, Zhao (2009) analyzed the conflict discourse and
proposed three stages: initial stage of conflict, Conflict and
Negotiation stage and the end of conflict stage. The following
will analyze the language characteristics from these three
aspects.

Linguistic features of “the initial stage
of conflict” in mathematical
cooperative problem solving

This section mainly analyzes the initial stage of conflict
discourse and uses fragments to explain its language expression
and characteristics.

Language expression in the initial stage of
conflict discourse
Explanatory statement «+Negative response

In verbal interaction, the description of objective facts is a
more frequent verbal act. In the course of the presentation, the
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two interacting parties will respond accordingly to their different
views on the content of the presentation.
Fragment 1:

S1 Our door is usually on the corner, right? let’s confirm
the door first, this corner.

S2 No, you don’t need to draw this one inside.

S1 No, you have to draw like this.

S2 You have to calculate the length and width.

S1 No, what you are asking for is the total area. Look, look
at me, the door is facing this side, and draw this side. In
this way, it will have a small corridor, right? The small
corridor is here, so here is the locker, right next to the
door is the locker.

The conflicting discourse that begins with the explanatory
statement is caused by the speaker’s different views on people
and things. According to corpus research, the speaker and
responder in conflicting discourse are mainly in the mode
of “explanatory expression and negative response.” In the
form of narrative, affirmation, appreciation, and approval of
the speaker, what is waiting is the direct opposition, denial,
questioning, or interruption of the other party’s response, which
leads to conflict.

Instruct<refuse

In verbal interaction, the speaker issues instructions,
suggestions, requests, and orders to the other party to engage
in a certain behavior. After the other party responds with
confrontation, rejection, questioning etc., the verbal conflict
will begin. The expression of this “instruction rejection” mode
occurs in the form of imperative and declarative sentences. E.g.:

Fragment 1:

$4 There are only five rooms, so save a bit.
S1 No need to save.

In this dialogue, S4 suggested to save a little while allocating
area, and S1 directly rejected it. In the verbal interaction, the
caller’s instruction hopes to get an affirmative and accepting
answer, and the recipient S1 can either obey the instruction
of S4 or refuse. Obviously, in the above case, the recipient
refuses to accept the other party’s instructions, which leads to
the beginning of a frontal conflict between the two sides.

Seditious inquiry < Confrontational answer

In verbal interaction, one question and one answer often
leads to conflict. Questions are trigger words, and answers are
responses to inflammatory or provocative questions from the
speaker, as per the following example:

S4 Zhang Yang, what kind of ghost do you paint?
S2 Go! Don’t insult my creativity.
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the
inflammatory  question

S4
discriminatory to a

above-mentioned conflicts, issued
that

certain extent. The other party, S2, was not to be outdone,

In an

was

leading to a frontal conflict between the two parties. The
inflammatory questioning was also an important reason for
conflicting discourse.

The linguistic features of “the initial stage of
conflict” in conflict discourse

The initial stage of conflict is the origin of the entire conflict
process and plays a vital role in the occurrence of conflict.
By categorizing the expressions of conflicting discourse in this
stage, this article finds that the linguistic characteristics of the
“initial stage of conflict” have the following points:

The use of accents or phrases

Emphasized words or phrases are used to enhance the degree
of expression, which can be adjectives, adverbs, interjections,
pronouns, or modal particles. In conflict conversations, both
women and men tend to use emphasized words or phrases to
enhance their feelings, but women are better at using such words
because they have a rich emotional network. Men often use
emphasized words or phrases to express their differences. In the
initial stage of the conflict, the two parties in the conflict often
choose modal particles, such as “ba;” “le;” “of,” “ah,” “ma,” “ah,
etc.; there are also pronouns, such as the first person “I.” When
they have a conflicting conversation, they use these words to
express their strong emotions.

The use of negative words

Most conflicts are caused by disagreements between
communicators, and they often use the negative word “no” to
express their disagreements. In the initial stage of the conflict,
both parties to the conflict usually choose the negative words

» o«

“no,” “can’t; “impossible,” and so on. According to the face
threat theory, the use of negative words by one of the two parties
will inevitably threaten the “face” of the other party, and the

conflict will further escalate.

The use of imperative sentences

The imperative sentence has the function of being
a command, instruction, or warning. If there is “please”
before the imperative sentence, it will be regarded as a
request. Negative imperative sentences are used to prohibit
someone from doing something or to discourage someone
from doing something. In dominant interactive networks,
imperative sentences are highly used. In the initial stage of
conflict, some group leaders will use their authority to use
imperative sentences to command group members, which
further intensifies the conflict. For example, “You paint, don’t

»

make trouble, you don’t make trouble, take it away,” “You give

»

up,
largest.”

»

You don’t, you don’t, “The living room must be the
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Language features of “conflict and
negotiation stage” in mathematical
cooperation problem solving

In the process of group cooperative learning, the conflict
stage is the core part of a conflicting verbal event, and it is
also the main part of the conflict from the beginning to the
final agreement. After the conflict begins, it usually takes only
one or two rounds for the members to reach a consensus, but
sometimes it takes many interaction rounds between the group
members to reach a consensus.

Based on the analysis of text data, this article mainly
discusses the language expression methods and language
characteristics of the “conflict phase” of cooperative problem
resolution. The language expression of the “conflict stage”
mainly includes several types such as the rebuttal questions, the
direct response, the explanation, and the negative avoidance.

The language expression of “conflict and
negotiation stage”
Rebuttal questions

In the process of group cooperation problem-solving
conversation, when the listener expresses opposition to the
speaker’s point of view, provocative counter-questioning is the
most common way of expressing conflicting discourse.

This form of rebuttal question can easily lead to re-rebuttal
by the speaker, leading to further intensification of conflicts.

Fragment 1:

S3 now has four.

S2 four, plus one.

S3 storage room.

S2 Storage room, let me think about it.

$4 balcony.

S1 balcony.

S3 Does the balcony count? (With a provocative tone)
S2 Balcony is counted.

S4 Balcony does not count as a room.

S3 Balcony does not count as a room.

S3 Balcony does not count as a room.

S4 It is not a room, it just occupies an area.
S3 Yes, it occupies an area, but not a room.

Direct response

In the process of discourse conflict, facing the conflict
caused by the speaker, other team members responded in
a straightforward manner. Based on the face theory, the
straightforward denial or questioning of one party’s point of
view further aggravated the conflict.

For example, in the case of “explanatory statement and
negative response,” S1 and S2 had a fierce discourse conflict
on the issue of “door.” The dialogue was conducted in a
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straightforward manner such as “No, you don’t need to paint

» «

this one,” “No, you have to paint like this,” etc. The attitudes
of both sides were very straightforward, which led to further

intensification of the conflict between the two.

Explanation

After a conflict occurs, in the face of questions and inquiries
from the speaker, the listener gives the reason for the objection,
which help resolves the discourse conflict. The explanation
refers to the dialogue formed by the listener facing the inquiry or
question raised by the speaker during the utterance interaction
of the group members.

Fragment 1:

S4 Isn’t it awkward to put the kitchen next to the toilet?

S2 Not awkward, anyway, it's not your own home, really.
S1 No, no, the kitchen and the toilet should not be next to
each other, the kitchen should be next to the bedroom, and
the living room should be next to the kitchen.

When S4 put forward a point: “Is it awkward to put the
kitchen next to the toilet?” Both SI and S2 gave their own
opinions and explained their reasons. S2 thinks “not awkward”
because “it is not your own home anyway,” which means you
can design whatever you want. However, S1 thinks this design is
unreasonable, because “the kitchen and the toilet can’t be next
to each other,” the kitchen should be next to the bedroom, and
the living room should be next to the kitchen.

Negative avoidance

In the process of discourse conflict, when the listener
disagrees with the speaker’s point of view, he will often adopt
an avoidance method to express his negative point of view
instead of making a positive reply. There are three main forms
of avoidance: intentional avoidance, temporary avoidance, and
unintentional avoidance. After the listener avoids the topic, if
the speaker insists on turning the topic back, it may lead to an
aggravation of the conflict. But on the whole, when one party
has entered negative avoidance mode, it indicates that one party
wants to end the discourse conflict, which transitions the entire
conflict event toward the end.

Fragment 1:

S2 wait a minute, one, two, three, four, one more time.

S1 restaurant.

S3 The kitchen should be with the dining room.

S1 restaurant and kitchen, kitchen has not been written yet.
S2 It is enough, the kitchen is 10 square meters, is 60
enough?

S1 The rest is the kitchen.

S$3 Why do you want 10 square meters if you don’t eat?

S2 20, 30, 35, It’s still 15 square meters short, almost, the
long one is almost the same as the bedroom.
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S3 Our home is also a long strip.
S4 yours too.

S2 draw a picture.

S4 draw it.

S2 advocated “10 square meters in the kitchen” to which
S3 asked “Why do you want 10 square meters if you don’t
eat?” — expressing denial. S2 did not respond to this question
directly and said “Draw a picture” instead, which aggravated the
conflict no further.

The linguistic features of “conflict and
negotiation stage” in conflict discourse

This stage is the key stage in the entire conflict. During
this process, the conflict between the two interacting parties
escalates rapidly, and a large number of conflicting words will
be produced, showing strong antagonistic characteristics and
possibly even some offensive words. The research in this paper
finds that the language characteristics of the “conflict phase” are
as follows:

Rhetorical questions

Rhetorical questioning is a way of expressing negation
through rhetorical questioning using truths or facts with
distinctive features to achieve the purpose of strengthening tone,
emphasizing semantics, and expressing blame. In the “conflict
phase,” both parties will usually use rhetorical questions to
express their strong doubts about each other. This will lead to
the climax of the conflict where the two parties will refuse to give
in to each other, which will escalate the conflict. For example,
“Is your house made of walls?” “The row is so full, can you still
paint?” “Then what do you say this is?” “A two-meter bedroom,
are you still sleeping?”

Negative comments

In the process of group cooperative learning, group
members’ opinions on the problem are evaluated negatively
through negative words, which imply accusations and criticisms
from the speaker. In the “conflict phase,” both interacting parties
will express their disagreement through the use of negative
evaluation terms. According to the theory of adaptation, both
parties are neglecting to adapt to the contextual factors which
will escalate the conflict and eventually result in a stalemate. For
example, “Shut up, you shut up.” “Can you stop being so funny?”

» <«

“Okay, you.” “Can we still play happily?”
Direct negation

Direct negative words are often expressed as negative

»

words “no/not + and other structures. That is, to
refute by directly negating the proposition stated by the
other party, which is manifested when A says proposition P,
and B says—P. In the “conflict phase,” the two interacting

parties will express their own confrontation by directly denying
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the other’s views, which will escalate the contradiction. For
example, “No, I think about it. This bedroom is connected
to the living room, because my bedroom is connected to
the living room.” “No, it needs a balcony.” “No, like me,
the bedroom, the kitchen.” “No, the balcony cannot live

»

in.

Linguistic features of “end of conflict”
in mathematical cooperation problem
solving

In cooperative learning, the ultimate goal of discourse
conflicts among group members is to form a unity of viewpoints
and achieve the purpose of problem solving. No matter how
intense the process of discourse conflict is, the conflict on a
certain issue will eventually end. This section mainly introduces
the expression methods and language characteristics of the
ending stage of discourse conflict.

Ways of language expression at the end of the
conflict

How the conversation ends in discourse analysis is also
an important analysis content. In the discourse conflict of
group cooperation problem solving, the group members finally
reached a unity of opinions after several rounds of disputes
and negotiations, which ended the discourse conflict. The
way the group members end their conflict and their language
characteristics are the focus of this section.

Topic-shifting

When the group members argue about a certain point
of view, and the two sides are in a stalemate with each
other, one of them tries to terminate the topic and find
another way to talk about the topic instead. After a
period of arguing between the two parties, one party
changes the subject and the conflict ends. This not only
preserves the face of both parties in the conflict, but
also easily achieved a win-win situation for both parties
in the conflict.

Fragment 1:

S1 Shouldn’t we list it first, why do we have to draw it first.
The house doesn’t have to be square.

S2 We didn’t say to draw a square.

S1 Our opinions cannot be unified at all.

S1 What else is there besides the living room, toilet, and
bedroom?

S3 kitchen.

S1 Yes.

S2 What to add, as for the specific range, 1, 2, 3, 4, 5,
a total of five.

S1 One more.
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S1 and S2 had different opinions on the
overall shape of the house at first, and a conflict
occurred.  Then S1  changed the subject and
questioned the functions of the five rooms. The

resolution of the previous conflict resulted in a new
round of discussions.

Compromise
Fragment 1:

S2 The toilet must be written smaller. The toilet, really,
some people have a two-square-meter toilet. The bedroom
should be larger, the kitchen should be smaller, and the
living room should be larger. Make a plan. There are a few
now. How about five square meters?

S2 This is not enough, these five are so big, plus this, so big,
stand on the toilet and take a shower.

S3 10 square meters.

S1 10 square meters are too big.

S39.

S2 7 square meters.

S1 Made do with it.

S2 advocates that the toilet should be written smaller, S3
said “10 square meters,” S1 said “10 square meters is too big,
S3 said “9,” and finally S2 said “7 square meters” to which S1
agreed to “make do with it.” The three people had different ideas
about the size of the toilet, and finally compromised on “7 square

»
meters.

Third-party intervention
When two parties
a certain point

about
the
end

in conflict are arguing
the
coordinating role to
this type of
can promote the rapid

of view, intervention of
third party
the
plays
unification of opinions.

can play a

conflict. In many cases, ending

a regulatory role that
Fragment 1:

S4 Is your length drawn longer? Is your width drawn
longer? Is your width drawn longer?

S32cm. 2.

S4 Shrink it.

S$3 You cannot change the number of square meters.

S4 Toilet is actually suitable by this. Then you are directly
here, and the bedroom is directly here. I should rely on this.
S4 How big is the bedroom?

S1 Let’s not discuss it yet.

S3 and S4 were in conflict over the length and width of the
room, and they also had different opinions on the layout of the
room. As a third party, S1 intervened in their conflict and asked
them to “not discuss it yet” to resolve the conflict.
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One-sided win

Compared with the conflict ending method in which
participants voluntarily compromise, a one-sided win is
achieved when one party conveys a message through verbal
expression or physical action and compels the other party to
accept his own point of view. Although this ending temporarily
ends the discourse conflict, it may also create hidden dangers for
the subsequent relationship between the two parties, which leads
to the emergence of new conflicts.

Fragment 1:

S2 The toilet can be smaller.

S4 Toilet is at least bigger than the balcony, right? Is not it?
S1 The toilet is bigger than the balcony. Our house is 40 or
50 square meters.

S1 Our public toilet, can you manage it?

S3 10 square meters public toilet.

S2 advocated that the toilet should be smaller, while S1
advocated that the toilet should be larger than the balcony, and
said “Can you manage it?” The attitude was tough, so other
students had to accept his idea. This temporarily ended the
conflicting dialogue.

The linguistic features of “the end of conflict”
in conflict discourse

The “end phase” of the conflicting discourse is ended by
the two sides of the conversation changing the topic, making
a compromise, or reaching an agreement through negotiation.
Past research has shown that language in interpersonal
communication has two pragmatic purposes: convergence
and divergence orientation, and harmony orientation is a
basic orientation for group members in cooperative learning.
Harmony orientation will affect the choice of speech forms
and interaction strategies (Spencer-Oatey, 2000). At this stage,
the two parties in the communication pass through the
previous conflict initiation and escalation stages, and some
of the opinions are agreed while some are still deadlocked.
However, both parties will also compromise or evade to end
the conflict. The tone of the two parties or one of them is
not as strong as before, and they are in a state of wanting
to end the argument. According to the theory of adaptation,
both parties have the awareness of adapting to the context and
no longer overemphasize their own ideas, so that conflicts are
gradually resolved. The language at this stage has the following
characteristics:

Moderation of tone and the appearance of mitigator
The moderation of tone and language are to reduce and
weaken the intensity of certain language factors in verbal
interaction, and to reduce the risks of interpersonal conflicts and
face-threatening behaviors in the interaction, so as to ensure the
smooth progress of the interaction (Yu, 2015). At the end of
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the conflict discourse, in order to achieve the goal of harmony,
the two parties in the conflict often use mitigation methods or
words such as changing the topic and compromising to alleviate
the conflict. Moderation language has the function of realizing
effective communication and constructing a clear interpersonal
identity. It reflects the strategic and practical characteristics of
moderation language. Moreover, moderation language generally
follows the basic principle of “face threat” proposed by Brown
and Levinson (1987). In the process of discussion and exchange

>«

in the cooperation group, the other party’s “face” will also be
taken into consideration and compromise is adopted to end the
contflict. In this study, the emergence of a moderating tone was
mainly accompanied by facial expressions and body language.

Members often used “laughing” to ease conflicts.

Conflict end discourse reflects cooperation

Cooperative learning is to use students as human resources
in teaching to make up for the inadequacy of teachers and to
cultivate their cooperative spirit, rather than simply shrinking
the self and enlarging the collective. In cooperative learning
for the purpose of solving mathematical problems, conflicting
discourse is the result of the combined effect of many factors
such as context and discourse structure. This stage can best
reflect the cooperative tendency of “seeking common ground
while reserving differences.” To achieve cooperation tasks, even
if there are differences in opinions between the two parties in
the conflict, one of the parties will choose to compromise, avoid
the topic, or stay silent to reach an agreement with the other
party. Through the sharing of resources among students during
the interaction of group members. Students have their own
subjectivity, the interaction between the subject and the subject
using dialogue as a means and understanding as the goal, with
the goal of reaching a consensus. The different ways of thinking
and different understandings of the problem among the team
members make the conflict dialogues constructive.

Summary

This study mainly analyzes the general linguistic features
of Conflict Discourse in Chinese students’ cooperative problem
solving, including the classification of conflict discourse
language characteristics and the conflict discourse vocabulary
level before exploring its distribution trend. The linguistic
features of conflict discourse include extreme generalizations,
negative forms, discourse markers, emphatic words, turn-taking
words, second-person pronouns, modal words, repetition,
rebuttal questions, and topic avoidance. Among them, the
frequency of Indexical 2nd-person pronouns is the highest;
the frequency of negation, extreme summaries, discourse
markers, and modals lie somewhere in the middle with
little differentiation; the frequency of emphatics and floor
bids is the least.
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The frequency of language features at the lexical level can
reflect the language features of conflicting discourse in the
process of cooperative mathematical problem solving. However,
there are many factors affecting it, such as social factors,
participant status, role, scene, and discourse structure factors
such as discourse type. These deep-seated reasons will affect
participants’ choice of language forms such as negation, modals,
discourse markers and questions.

Secondly, based on the three stages of conflict discourse,
the discourse style and language characteristic analysis
were carried out respectively. Among them, the language
expressions of the “initial stage of conflict” include Explanatory
statement <>Negative response, instruct<>refuse and Seditious
inquiry <>Confrontational answer. The language shows the
characteristics of using emphatic words or phrases, negative
words, imperative sentences and so on. These types of sentences
or phrases will further intensify the conflict. In conflict
conversation, both boys and girls tend to use emphatic words
or phrases to enhance their feelings, but girls are better at
using this kind of words. Boys often use emphatic words or
phrases to express their differences, and often use the negative
word “no” to express dissent. Some leaders of small groups will
use their authority to order group members with imperative
sentences, which further intensifies the conflict. Rebutting
interrogative, straightforward, explanatory, and negative
avoidance type are the language expressions of the “conflict
stage.” The conflict between the two sides of communication
escalates, resulting in the largest number of conflict words.
The language shows a strong antagonism, and some offensive
words will appear It also exhibits the verbal characteristics of
rhetorical question, negative comments, and direct negation.
The use of these types of language will bring the conflict to a
climax, and the two parties will be deadlocked. Topic-shifting,
compromise, third-party intervention, and one side wins are
the linguistic expressions of the “end of conflict.” At this stage,
both parties involved in the communication begin to have a
sense of compliance, their tone of voice is relaxed, and mutual
compromise or concession. As a result, conflicts are gradually
resolved, tend to end, gradually reach consensus, and tend to be
completed through cooperation.
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estimates and gender
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Nanyang Technological University, Singapore, Singapore

Objective: To investigate the reciprocal relationship between high school
students’ academic self-efficacy and achievement in mathematics using US
data from the HSLS:2009 and first follow-up longitudinal surveys, while
accounting for biases in effect estimates due to unobserved heterogeneity.

Methods: Instrumental Variables (IV) regressions were estimated, to derive
causal effect estimates of earlier math self-efficacy on later math achievement
and vice versa. Particular attention was paid to testing the validity of
instruments used. Models were estimated separately by gender, to uncover
gender differences in effects.

Results: Evidence of robust reciprocal effects between self-efficacy and
achievement for male students is presented, with the dominant effect from
earlier achievement to later self-efficacy. For girls, evidence of such effects is
weak. Generally, IV estimates are higher than OLS estimates for males, but
not for females. As opposed to earlier correlational studies which did not
find significant gender differences despite theoretical expectations for their
existence, the findings support higher effects for male students.

mathematics achievement, mathematics self-efficacy, longitudinal data, unobserved
heterogeneity, gender differences

Introduction

The theoretical and empirical literature has examined the role of non-cognitive,
domain-specific constructs, referred to as student self-beliefs (such as self-efficacy
and self-concept), in predicting behavior, choices, and practices which can affect
achievement. Bandura (1982) defines perceived general self-efficacy as a personal
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judgment of “how well one can execute courses of action
required to deal with prospective situations.” Self-efficacy is
domain-specific and multidimensional, and beliefs vary across
wide ranges of activities. Academic self-efficacy, as opposed
to general self-efficacy, relates to students’ confidence in
their ability to complete academic tasks like studying for
examinations and writing term papers, and should be measured
in academic settings (e.g., Animasaun and Abegunrin, 2018).
Developmental origins of self-efficacy perceptions include
familial sources, peer influences, and transitional influences of
adolescence. Since academic self-efficacy influences students’
approach to confronting educational challenges, a higher
academic achievement is expected for students with higher self-
efficacy (Pajares and Schunk, 2001). Past studies have described
self-efficacy as a positive predictor of performance outcomes
(e.g., Schunk et al, 2008). According to Usher and Pajares
(2008), self-efficacy “predicts students’” academic achievement
across academic areas and levels. Past successes in (non-trivial)
tasks consistent with mastery in a particular domain (e.g.,
mathematics) increase students’ confidence in succeeding again.
In other words, self-efficacy is likely both the cause and the
effect of academic achievement (see Pajares and Schunk, 2002).
Student motivation is interlinked with specific student self-
efficacy beliefs (for example, in doing well in a mathematics test)
and such beliefs do not coincide with students’ academic ability,
since they are self-constructed.

It has been proposed that there may be too much or
too little self-efficacy and that the optimum level seems to
be slightly above a students true capacity (Bandura, 1977).
Students may and often do misperceive their true skills,
which could have complex effects on students’ motivations
(Pajares, 1996, p. 565). Grossly overestimating self-efficacy
might lead a student not preparing for a task properly, which
will impair performance. Emerging evidence suggests that men
overestimate both their ability as well as their perception of
past performance, while women either underestimate both or
at least rate them more accurately, while in most situations,
actual performance in mathematics does not differ significantly
between genders (e.g., Bench et al, 2015). Chatard et al
(2007) found that, the more students believed in gender
stereotypes prior to recalling their marks, the more female
students underestimated their marks in mathematics and
With
respect to empirical evidence on how biases in self-evaluations

male students underestimated their marks in arts.

of math competence relate to achievement, there is no
consensus. Advocates of the view that being optimistic about
one’s efficacy is required for a variety of accomplishments
and is associated with higher motivation, persistence and
performance include Taylor and Brown (1988) and Bandura
(1993). The opposite view states that overly optimistic or
overly pessimistic self-assessments may lead disappointment
and loss of morale, following repeated failures (Schunk, 1981).
Related empirical findings are mixed. Some studies found
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that overstating one’s competence is associated with higher
academic performance (e.g., Martin and Debus, 1998). On
the other hand, Robins and Beer (2001) found no association
between overstating competence and receiving better grades
or likelihood of graduation. Dupeyrat et al. (2011) found that
overrating one’s mathematics competence was related to better
mathematics achievement, although the findings were open to
interpretation.

Section “Self-efficacy and mathematics achievement
using longitudinal data” reviews the more recent literature
investigating reciprocal effects between self-efficacy and
achievement using longitudinal—repeated measure data.
Section “Contribution of study and objectives” outlines the

contribution and objectives of the study.

Self-efficacy and mathematics
achievement using longitudinal data

Studies on the relationship between self-beliefs and
performance often refer to the notion of reciprocal determinism
at a theoretical level (Bandura, 1986). However, the reciprocal
relationship between self-efficacy and performance has not
found direct empirical support; this could be due to the relative
scarcity of longitudinal, repeated-measure data, as opposed
to cross-sectional data. For example, Williams and Williams
(2010) investigated the reciprocal determinism of self-efficacy
and mathematics achievement in 15-year-old students using
cross-sectional data.

Of the models which assume a causal relationship between
self-efficacy and achievement, the self-enhancement model
proposes that the dominant effect is through high prior self-
efficacy enhancing achievement in a particular domain. The skill
development model, on the other hand, proposes that there is a
causal association between achievement and future self-efficacy,
because academic success (failure) improves (diminishes) self-
efficacy (Usher and Pajares, 2008). The reciprocal-effects model
stresses the likely role of self-efficacy as both a cause of and
an effect of academic achievement and intends to integrate the
causal relationships proposed by the two alternative models
(Marsh, 1990).

Various methodological approaches have been used in
assessing the relationship between self-efficacy and achievement,
including meta-analytic studies, studies using longitudinal-
repeated measures data and approaches such as structural
equation modeling. Valentine et al. (2004) synthesized the
findings of longitudinal studies investigating the relationship
between self-beliefs and achievement and found a small
influence of generalized positive self-beliefs on academic
achievement after controlling for initial levels of achievement,
and somewhat stronger effects when measures of self-beliefs and
achievement are matched by academic domain. Valentine and
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DuBois (2005) found stronger evidence for the skill development
model compared to the self-enhancement model.

More recent studies using longitudinal data include
Hannula et al. (2014), Hwang et al. (2016), and Schober
et al. (2018). Hannula et al. (2014) used Finish longitudinal
data and autoregressive/cross-lagged models to estimate the
reciprocal causal relationship between mathematics enjoyment,
mathematics self-efficacy, and mathematics achievement. They
found that mathematics achievement and self-efficacy have
a reciprocal relation and that the dominant effect is from
achievement to self-efficacy. Hwang et al. (2016) used data on
Korean students in the liberal arts track and an autoregressive
cross-lagged model to assess the casual ordering of self-efficacy
beliefs and academic achievement over short time intervals.
Performance scores were from Korean, English, mathematics,
and social studies subjects. They found a reciprocal relationship,
with the effect of past academic achievement on self-efficacy
beliefs being stronger than the effect of self-efficacy beliefs on
academic achievement. One of the reported limitations of the
study is that the design of the study does not allow for a clear
conclusion regarding the reciprocal causal influence between
self-efficacy and academic achievement, as it does not account
for unobserved confounding factors. Schober et al. (2018), did
not find support for the skill development model, while their
estimate of the positive effect of mathematics self-efficacy on
later mathematics achievement was small and in line with that of
Valentine et al. (2004). The authors state that, since the influence
of self-efficacy on achievement is mediated by other variables
and such variables were not available, the processes underlying
the causal link from self-efficacy to later achievement and vice
versa could not be examined. Furthermore, the findings of the
study (lack of consistent reciprocal effects) may be due to the
short interval between measurement occasions.

One recent study by Zakariya (2021) aimed to derive
evidence of a causal relationship between self-efficacy and
performance in mathematics, using an instrumental variable
approach to structural equation modeling. Unfortunately,
besides the small sample size, the findings (large bidirectional
effects between math self-efficacy and math performance) are
not generalizable, as the focus is on first-year engineering
students following a mathematics course at a Norwegian
university. Finally, the above cited studies were not designed to
derive gender-specific evidence on reciprocal effects.

Contribution of study and objectives

Reflecting on the empirical literature, estimation of
the reciprocal causal relationship between self-efficacy and
achievement benefits from the use of longitudinal data with
multiple measurement occasions and adequate time interval
between measurements. Furthermore, the methodology, needs
to account for the potential endogeneity of students’ self-efficacy
perceptions and mathematics performance, when attempting
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to estimate bidirectional causal effects between mathematics
self-efficacy perceptions and mathematics achievement. By
endogeneity, I refer to a covariate appearing in a model,
which is correlated with unobserved student characteristics
which also affect the outcome. While the terms endogeneity
and unobserved heterogeneity often used interchangeably,
unobserved heterogeneity refers to variation/differences among
subject participants which are unmeasured, hence omitted
from the model.! Endogeneity, on the other hand, can arise
from three sources?: omitted variables, measurement error, and
simultaneity. Presence of any of the three, or a combination
of them can bias effect estimates. Hence one needs to use an
estimation method which accounts for potential endogeneity of
covariates of interest, to derive bias-corrected effect estimates.
In this investigation, mathematics self-efficacy perceptions
(when assessing the effect of earlier self-efficacy on later
performance) and achievement (when assessing the effect
of earlier performance on later self-efficacy) are treated as
potentially endogenous covariates.
The following research questions were investigated:

students’

RQI1: Is there evidence that

perceptions (Model 1) and/or students mathematics

self-efficacy

achievement (Model 2) are endogenous covariates? If this
is the case, the OLS effect estimates will be biased, and

one needs to use an estimation method which accounts

for such biases.

RQ2: Is there evidence in support of a reciprocal
relationship between academic self-efficacy and academic

achievement?

RQ3: Are there gender differences in relation to RQ1 and
RQ2?

Materials and methods

Section “Data: The HSLS:09 and first follow-up” provides
information on the HSLS:09 and follow up surveys and
associated datasets, while Section “Methodological approach”
outlines the methodological approach.

1 Forexample, unobserved mediators such as familial environment and
peer influences may be involved when investigating earlier self-efficacy
as a predictor of later achievement, while unobserved student innate
academic ability or effort may be involved when investigating earlier
achievement as a predictor of later self-efficacy.

2 While it is helpful to identify these “sources” separately, they are not
truly distinct. For example, if a variable which truly measures self-efficacy
is not available, this can be described as an omitted variables problem, or
a problem associated with the available measure of self-efficacy being
mismeasured/misreported. Understanding unobserved heterogeneity is
facilitated by understanding endogeneity in a regression context.
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Data: The HSLS:09 and first follow-up

I used data from the US High School Longitudinal Study
(HSLS:09) and the 2012 follow up, in which students who were
in grade 9 during the 2009-2010 school year were followed for 7
years into high school graduation, and college or employment.
The survey, implemented by the U.S. National Center for
Education Statistics (NCES) contains measures of students’
mathematics performance (mathematics assessment in algebraic
reasoning) and mathematics self-efficacy beliefs, both at two
points in time (at grades 9 and 11), which is needed for testing
reciprocal effects. The HSLS:09 has been described as the ideal
dataset for examining determinants of student outcomes, such
as who majors in STEM fields (Cimpian et al., 2020).

The survey followed a nationally representative sample
of fall-term 9th-grade students in 2009 in more than 900
public and private high schools to 2012 (first follow-up)
when most sample members were in 11th grade, and into
higher education or the workplace (second follow-up). Students
completed an in-person mathematics assessment focused on
algebraic reasoning, as well as a survey that included items
on educational experiences, sociodemographic background,
educational expectations, mathematics and science student self-
beliefs and interests, among other items. Students parents,
principals, teachers, and school counselors participated in the
surveys. In the first follow-up, which took place in the spring of
2012, each module from the base year was fielded again, except
for the teacher questionnaires (U. S. Department of Education,
2018). The student-level files contain student responses and
associated composite variables from the student, parent, and
school administrator survey instruments. The school-level
variables contain responses and associated derived variables
from the school administrator and counselor instruments. In the
public-use datafile, school and counselor/administrator survey
data has already been merged into the student-level file.

The data files contain school and student level weights,
including longitudinal weights appropriate for analyses which
use variables from both the base year and the first follow-up (as
is the case in this study) when conducting survey data analysis.

Methodological approach

To estimate bidirectional effects between mathematics self-
efficacy beliefs and mathematics achievement, two models were
estimated (Model 1 and Model 2) separately by gender. In Model
1, earlier math self-efficacy is a potentially endogenous predictor
of later math achievement. In Model 2, earlier math achievement
is a potentially endogenous predictor of later math self-efficacy.

To address complications posed by endogenous covariates,
we need to model potentially endogenous covariates, along with
the outcome equation. This requires using one or more variables
(“instruments”) that affect the endogenous covariate but can be
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excluded from the outcome equation. In estimating Models 1
and 2, I used instrumental variables (IV) estimation. Section
“Model specification: Outcomes and covariates” discusses the
excluded instruments used in each equation and testing of
exclusion restrictions.

Measures and model specification

Section “Measures” provides information on the derivation
of measures which are central to the investigation, i.e.,
the self-efficacy composite scales, and the mathematics
assessment scores. Section “Model specification: Outcomes and
covariates” describes the covariates used in model estimation.
It also discusses the excluded instruments used in the IV
regressions, and how the relevance and validity of these
instruments was tested.

Measures

The self-efficacy composites in HSLS:09, given at two points
in time (at grade 9 and 2.5 years later, at grade 11), are composite
scales of the sample member’s perceived mathematics self-
efficacy in a continuum of values from negative to positive,
with higher values representing higher self-efficacy. They were
generated by HSLS:09 project scientists through weighted
principal component factor analysis and standardized to a mean
of 0 and standard deviation of 1. The inputs to this scale were
survey questions on how confident the student was in doing an
excellent job on fall 2009 math tests, how certain the student
was that he/she can understand math textbook, how certain
the student was that he/she can master skills in fall 2009 math
course, and how confident the student was on doing an excellent
job on fall 2009 math assignments. There were four possible
answers to these questions ranging from “Strongly Disagree”
to “Strongly Agree.” The reported reliability (Cronbach’s a) of
the math self-efficacy variable was 0.90 in the first wave and
0.89 in the second wave, which indicate a high level of internal
consistency of the self-efficacy composite.

The mathematics assessment variables in the HSLS:09,
provide a measure of student achievement in algebraic content
domains and reasoning, upon entry to high school in fall
2009 and 2.5 years later. The scores used to assess students’
performance were based on Item Response Theory (IRT). The
IRT model used patterns of correct, incorrect, and omitted
responses to obtain ability estimates that are comparable across
the low-, moderate-, and high-difficulty test forms (see, Ingels
and Dalton, 2013, pp. A9-A11). This IRT estimate was then
transformed to derive a final score (standardized theta score),
the standard unit of the item response theory (IRT) model
that represents the level of the domain being measured. The
final achievement theta scores at grades 9 and 11 provide a
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summary measure of student mathematics achievement. The
theta (ability) estimate at each point in time provides a summary
measure of achievement. Scores from HSLS:09 first follow-up
can be equated to the scale of HSLS:09 base year so that scores
may be compared longitudinally. This is the case due to the
common items between the HSLS:09 base year and first follow-
up. The tests were equated using a procedure® which allowed
the base-year thetas to remain unchanged while the first follow-
up thetas were equated to the existing base-year scale (U. S.
Department of Education, 2018).

Across countries, boys generally (but not always) tend to
outperform girls in mathematics tests, although differences are
small; on the other hand, girls report lower mathematics self-
efficacy than boys (e.g., Louis and Mistele, 2012). Table 1
presents summary statistics from the HSLS:09 for mean student
math achievement, and math self-efficacy by grade and gender.
In both the base year and the first follow-up, there were
no statistically significant gender differences in mathematics
achievement (theta ability score). On the other hand, statistically
significant and non-trivial differences in perceived mathematics
self-efficacy in favor of boys were observed in both years.
Therefore, based on the raw data, while boys reported higher
mathematics self-efficacy, boys and girls performed equally well.

Model specification: Outcomes and
covariates

The mathematics (theta) score and the math self-efficacy
composite are standardized (mean = 0, SD = 1). Model 1,
in which Grade 11 math theta score is the outcome, includes
the following categories of determinants of achievement: (1)
Student demographic characteristics (age; location; minority
race; immigrant status); (2) Students family characteristics
(socioeconomic status; mother/father in a STEM occupation)
(3) School characteristics (school ownership; school problems as
reported by principal, as a proxy of school quality); (4) Teacher
characteristics (math teacher’s sex; math teacher’s experience in
teaching math); (5) Student’s interest in mathematics composite
index; and (6) Students Grade 9 math-specific self-efficacy
composite index, as a potentially endogenous determined
covariate. I also control for early math ability using student’s
earlier math performance (grade 9 math score) as proxy. It is
important to properly control for earlier performance; while
the survey contains an earlier measure of math performance,
student’s grade 8 performance in the most advanced math course
enrolled, performance is based on the course grade, not on a
standardized test.

In the equation endogenously determining math self-
efficacy, the excluded instruments are dummy variables which

3 The procedure used is the Stocking-Lord procedure (Stocking and
Lord, 1983).
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relate to students’ general beliefs on which gender is better
in mathematics. These are: (1) “boys are better in math” and
(2) “girls are better in math,” with “girls and boys are equally
good in math” as the reference category. Such beliefs correlated
with students’ assessment of their own efficacy in math.
Specifically, believing that males are better in math are positively
correlated with math self-efficacy for boys and negatively
correlated for girls, while the opposite correlation pattern
applied when believing that girls are better in math. Potential
determinants of such student beliefs were investigated, by
examining their relationship with various student background
characteristics, such as parental beliefs on which gender is
better in mathematics (based on related survey questions),
parents’ education, and gender of math teacher. Statistically
significant positive correlations were found between parents’
and students’ beliefs that males are better in math. Similarly,
having a male math teacher is positively correlated with both
male and female students’ belief that males are better in math.
Furthermore, higher parental education (especially father’s
education) is positively correlated with students believing that
males are better in math.

Exclusion of these instruments from the outcome equation
requires that, while such general beliefs correlate with students’
individual self-efficacy perceptions, they are not significant
determinants of the outcome. From IV estimation of the Model
1, T assessed the relevance and exclusion restrictions associated
with the excluded instruments using tests based on Sargan’s
J-statistic. In addition, I used the recently developed kinky least-
squares (KLS) approach by Jan Kiviet,* which yields statistical
inference on the validity of exclusion restrictions regarding
candidate external instrument/s (single, or as a set) when a
plausible range of endogeneity correlations is available, whereas
these unavoidable restrictions were always supposed to be non-

testable (Kiviet, 2020; Kripfganz and Kiviet, 2021).

Model 2 includes an outcome equation with the 11th
grade self-efficacy composite as the outcome and the same
controls as in the endogenous self-efficacy equation of Model
1. The equation modeling the potentially endogenous earlier
mathematics achievement (mathematics theta score reported
at grade 9), contains the following fixed characteristics
as instruments: age of 9-grader (born in 1995 or later,
vs. born in 1994); student/school location (town/village vs.
larger location). The wvalidity of the instruments requires
that birth year and student/school location correlates math
achievement but not with math-self-efficacy. I assessed the
relevance and exclusion restrictions associated with the excluded
instruments as in Model 1.

4 The main objective kinky least-squares estimation is to provide
an instrument free alternative method of identifying coefficients and
correcting ordinary least squares (OLS) biases, when a plausible range
of postulated endogeneity correlation between a regressor and the error
term (degree of endogeneity) is available.
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TABLE 1 Self-efficacy and mathematics achievement by gender and grade.

10.3389/fpsyg.2022.941253

Means Grade 9 Grade 11

Male Female A (Male-Female) Male Female A (Male-Female)
Math theta score 0.092 (0.966) 0.087 (0.885) 0.005 0.685 (1.16) 0.657 (1.07) 0.027
Math self-efficacy composite 0.131 (1.00) -0.054 (0.999) 0.185 0.119 (1.00) -0.073 (0.994) 0.192

Standard deviations in parentheses; Bold indicates that differences significant at the 1% level or lower.

Estimation and results

Sections “Model 1: The effect of prior math self-efficacy
on later math achievement” and “Model 2: The effect of
earlier achievement on later self-efficacy” present the estimation
results for the effect of prior math self-efficacy on later math
achievement (Section “Model 1: The effect of prior math
self-efficacy on later math achievement”) and for the effect
of earlier achievement on later self-efficacy (Section “Model
2: The effect of earlier achievement on later self-efficacy”).
Section “Including teacher variables: comparison of estimates”
compares estimates with and without inclusion of teacher
variables in the vector of covariates.

Model 1: The effect of prior math
self-efficacy on later math
achievement

Models were estimated with and without teacher variables
(teacher sex and teacher years of experience teaching math) in
the vector of exogenous covariates. Teacher variables contain
a substantially higher proportion of missing values compared
to the student information variables, resulting in about 25%
more attrition; furthermore, it is not possible to impute missing
values for teacher sex and experience. For example, the sample
sizes in estimating Model 1 (6,813 and 7,045 for males and
females) would have been 5,229 and 5,417, respectively. I,
therefore, present the estimation results from models without
teacher variables.> A comparison of findings without and with
teacher variables is given in Section “Including teacher variables:
comparison of estimates.”

Table 2 contains the coefficient estimates for Model 1
by gender. The first column contains the Ordinary Least
Squares (OLS) estimates (naive model), with math self-efficacy
an exogenous covariate. The second column reports the
corresponding IV estimates, with a math self-efficacy the
endogenous covariate.

5 The detailed results from models which include the two teacher
variables are available upon request.
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Findings

In reporting the findings, the effect size metric, Beta (B), is
the standardized regression coefficient, expressing the amount
of expected change in the standardized outcome variable,
associated with one standard deviation change in the predictor
variable of interest.

The Ordinary Least Squares (OLS) estimate of the effect of
higher earlier self-efficacy on later mathematics achievement is
small; for males, it is estimated at nearly 0.1 SD higher Grade 11
math achievement for one SD increase in Grade 9 self-efficacy
(B = 0.089, 95% CI: 0.05, 0.13), and slightly smaller for females
(B = 0.08; 95% CI: 0.04, 0.11); the difference in point estimates
by gender is not significant based on 95% confidence intervals.
From these estimates, higher earlier mathematics self-efficacy
is associated with higher later achievement, but the effects are
small, approaching Cohen (1988) threshold of small effect size in
social sciences. This is a general finding in the related empirical
literature which is based on methodologies not suitable to derive
estimates of causal effects.

Looking at the effect of other covariates with math

achievement, earlier math interest does not display any
association with late achievement. Significant associations are
found for fixed characteristics such as race, socioeconomic
status, parents’ occupation, school quality, along with earlier
math achievement as a proxy of math ability. Black and Hispanic
male students performed worse than White students (f = -
0.14; p-value = 0.002 for Black and B = -0.1; p-value = 0.03
for Hispanic students), while Asian females performed better
(B = 0.26; p-value
(B = 0.1; p-value
US outperformed

= 0.000) and to a lesser extent Asian males
= 0.075). Male students born outside the
native students (8 = 0.26; p-value = 0.000)
but interestingly, there is no statistically significant difference
by immigrant status among females. The positive effect of
better socioeconomic status is small (B = 0.1; p-value = 0.000),
while having a father in a STEM occupation is associated with
higher achievement for boys (f = 0.12; p-value = 0.016), while
having a mother in a STEM occupation is associated with
higher achievement for girls (f = 0.11; p-value = 0.07). Finally,
there is a strong association between earlier (Grade 9) and
later (Grade 11) math achievement for both genders (§ = 0.67
p-value = 0.000).

The lower panel of Table 2 contains the first-stage
results from the IV regressions. The coefficient estimates
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TABLE 2 Effect of earlier mathematics self-efficacy on later mathematics achievement by gender.

Male Female
Outcome: Grade 11 Math achievement (stand.) OLS v OLS v
Grade 9 math self-efficacy (stand.) 0.089 (0.020) 0.185 (0.087) 0.080 (0.019) 0.095 (0.093)
Grade 9 math interest (stand.) 0.026 (0.015) -0.018 (0.070) 0.014 (0.019) -0.022 (0.080)
Born in 1995 or later 0.092 (0.026) 0.091 (0.027) 0.082 (0.029) 0.082 (0.029)
Town school -0.054 (0.042) -0.052 (0.042) 0.037 (0.038) 0.037 (0.038)
Village school -0.060 (0.029) -0.059 (0.029) -0.032 (0.027) -0.031 (0.027)
Black -0.138 (0.043) -0.152 (0.052) -0.100 (0.048) -0.105 (0.072)
Hispanic -0.100 (0.046) -0.104 (0.044) -0.077 (0.044) -0.077 (0.045)
Asian 0.105 (0.059) 0.109 (0.059) 0.264 (0.063) 0.265 (0.065)
Another race 0.030 (0.180) 0.012 (0.186) -0.064 (0.111) -0.063 (0.111)
Born outside the US 0.263 (0.067) 0.260 (0.071) -0.021 (0.084) -0.021 (0.085)
Socioeconomic status index (stand.) 0.105 (0.017) 0.102 (0.017) 0.098 (0.017) 0.097 (0.017)
Father in STEM 0.118 (0.049) 0.103 (0.055) 0.024 (0.049) 0.024 (0.049)
Mother in STEM 0.020 (0.054) 0.029 (0.056) 0.111 (0.061) 0.111 (0.062)
Public school -0.081 (0.033) -0.087 (0.034) -0.092 (0.032) -0.092 (0.033)
School problems index (stand.) -0.051 (0.014) -0.051 (0.014) -0.054 (0.016) -0.054 (0.016)
Grade 9 Math achievement (stand.) 0.673 (0.016) 0.653 (0.032) 0.670 (0.017) 0.667 (0.038)
Constant -0.092 (0.037) -0.091 (0.037) -0.112 (0.037) -0.110 (0.043)
F-value 2516 250.7 209.4 207.8
[p-value] [0.000] [0.000] [0.000] [0.000]
First stage:
Females better in math - -0.167 (0.045) - 0.133 (0.043)
Males better in math - 0.129 (0.036) - -0.154 (0.043)
F test of excluded instruments:
F-value - 44.62 - 38.2
[p-value] [0.000] [0.000]
Overidentification test
Sargan’s J-statistic - 0.46 - 0.01
[p-value] [0.498] [0.920]
Test of endogeneity of Grade 9 math self-efficacy (Ho: Grade 9 math self-efficacy exogenous)
Wu-Hausman F-statistic - 1.24 - 0.028
[p-value] [0.265] [0.868]
N 6,813 6,813 7,045 7,045
Standard errors in parentheses. Bold indicates significance at the 5% level or lower.
of the two binary instruments show that, boys believing using the kinky least-squares (KLS) approach (see Section
that boys (girls) are better in math correlates positively “Model specification: Outcomes and covariates”). After deriving
(negatively) with boys’ individual self-efficacy perceptions; plausible ranges of endogeneity correlations (based on error
similarly, girls believing that girls (boys) are better in math correlation coefficients between the outcome and the self-
correlates positively (negatively) with girls’ individual self- efficacy equations), the charts depict the associated p-values
efficacy perceptions. Based on the F-values in the first- for the validity of the exclusion restriction for each instrument
stage test of excluded instruments (F = 44.6 in the male alone, as well as the combination of instruments for various
regression and 38.2 in the female regression), the instrument values of postulated endogeneity correlations. Finally, tests the
set is not weak. The overidentifying restrictions test (J- endogeneity of math self-efficacy (Wu-Hausman F-test) suggest
test) provides evidence that the excluded instruments are that the null hypothesis that math self-efficacy is exogenous
exogenous with high associated p-values. Charts 1, 2 provide is clearly accepted for females, while accepted with associated
additional evidence for the excludability of the instruments, p-value = 0.26 for males.
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TABLE 3 Effect of earlier mathematics achievement on later mathematics self-efficacy by gender.

Males Females
Outcome: Grade 11 Math self-efficacy (stand.) OLS v OLS v
Grade 9 math achievement (stand.) 0.194 (0.018) 0.316 (0.122) 0.207 (0.022) 0.164 (0.176)
Grade 9 math interest (stand.) 0.099 (0.020) 0.090 (0.023) 0.058 (0.023) 0.059 (0.025)
Black 0.217 (0.051) 0.269 (0.075) 0.248 (0.064) 0.233 (0.090)
Hispanic 0.041 (0.052) 0.059 (0.056) 0.047 (0.060) 0.042 (0.065)
Asian -0.061 (0.076) -0.115 (0.091) -0.054 (0.084) -0.029 (0.129)
Another race -0.006 (0.188) 0.014 (0.202) 0.122 (0.204) 0.118 (0.206)
Born outside the US -0.008 (0.078) -0.046 (0.094) 0.094 (0.075) 0.092 (0.076)
Socioeconomic status index (stand.) 0.013 (0.020) -0.022 (0.040) -0.014 (0.020) 0.001 (0.054)
Females better in math -0.052 (0.046) -0.028 (0.052) -0.045 (0.048) -0.048 (0.050)
Males better in math 0.117 (0.038) 0.115 (0.040) -0.081 (0.046) -0.079 (0.047)
School problems index (stand.) 0.004 (0.016) 0.019 (0.021) -0.017 (0.020) -0.022 (0.029)
Grade 9 Math self-efficacy (stand.) 0.232 (0.022) 0.204 (0.038) 0.227 (0.023) 0.236 (0.045)
Constant 0.032 (0.022) 0.033 (0.022) -0.128 (0.023) -0.129 (0.024)
F-value 56.2 47.4 36.0 28.0
[p-value] [0.000] [0.000] [0.000] [0.000]
First stage
Born in 1995 or later - 0.183 (0.032) - 0.209 (0.035)
Town school - -0.206 (0.050) - -
Village school - -0.143 (0.032) - -0.061 (0.032)
F test of excluded instruments:
F-value 46.8 39.6
[p-value] [0.000] [0.000]
Overidentification test: Hy
Sargan’s J-statistic - 1.77 - 0.45
[p-value] [0.412] [0.500]

Test of endogeneity of Grade 9 math achievement (Hy: Grade 9 math achievement exogenous)

‘Wu-Hausman F-statistic 1.67 1.36
[p-value] [0.196] [0.243]
N 7,031 7,031 7,260 7,260

Standard errors in parentheses. Bold indicates significance at the 5% level or lower.

Turning to the findings from the IV regressions (upper panel of the self-enhancement model for males, while such evidence on
of Table 2), the point estimate for the effect of grade 9 math self- females is weak.
efficacy on Grade 11 math achievement for males is twice that
from the OLS regression (B = 0.185; p-value = 0.034; 95% CIL:
0.014, 0.36). However, the corresponding IV-point estimate for
females is smaller (B = 0.095; p-value = 0.54; 95% CI: -0.21, 0.40), Model 2: The effect of earlier
less precisely estimated, and of similar size to the OLS estimate. achievement on later self—efﬁcacy

Due to the higher standards errors associated with IV estimates

compared to those from the OLS estimates, the difference in IV Table 3 contains the coeflicient estimates for Model 2
estimates by gender is not statistically significant based on 95% by gender. From the OLS regression, the point estimate
confidence intervals. However, if the comparison is between of Grade 9 math achievement on Grade 11 math self-
the male IV estimate and the female OLS estimate (given that efficacy (while controlling for Grade 9 math self-efficacy) is
the null hypothesis of exogeneity of self-efficacy is accepted at modest, but precisely estimated and of similar magnitude for
high p-values for females), a difference in estimates by gender males (B = 0.194; p-value = 0.000) and females (B = 0.21;
is established. From these findings, there is evidence in support p-value = 0.000).
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Before adjusting for math performance and other
characteristics (i.e., based on summary statistics), Black
and Asian students reported higher self-efficacy than White
students. After adjusting for earlier math performance and
other covariates, the Black-White difference in reported
math self-efficacy increases further for both males (f = 0.22;
0.000) and females (B = 0.25; p-value = 0.000).
On the other hand, after conditioning for covariates there is

p-value =

not statistically significant difference in reported self-efficacy
between Asian and White students. In other words, Black
students’ perceived efficacy in mathematics is higher than
what would be consistent with their past math performance,
while White and Asian students’ perceived efficacy is more
in line with past performance. These findings are consistent
with those in Bachman et al. (2011) on race/ethnic differences
in self-esteem. They used nationally representative data
of 8th- 10th- and 12th-grade students in the US, to find
that African American students score highest, and Asian
Americans score lowest; controlling for grades and college
plans, heighten these race/ethnic differences. Furthermore,
the findings are highly consistent over time. It is difficult to
reconcile these race/ethnic differences in self-esteem using
potential explanations based on social comparison processes
(see Gray-Little and Hafdahl, 2000), or the reflected appraisals
theory (see Crocker and Major, 1989), which would predict
that ethnic minorities (such as African Americans) will have
lower self-esteem than the ethnic majority. A more promising
potential explanation relates to differences in cultural traditions
and associated patterns of behavior. For example, Cai et al.
(2007) suggest East Asian individuals, while feeling positively
about themselves, cultural norms (such as modesty) account for
observed differences in self-esteem scores. On the other hand,
it has been suggested that African American families strive to
instill self-esteem in youth, as a defense mechanism in coping
with discrimination (e.g., Hughes et al,, 2006; Bachman et al,,
2011).

Turning to the findings from IV regressions, from the
first-stage results, slightly younger students (born in 1995)
are associated with about 0.2 SD higher math achievement,
while going to school in smaller communities is associated
with about 0.15-0.2 SD lower math achievement. Based on
the F-value in the first-stage test excluded instruments, the
instrument sets are not weak (F = 46.8 in the male regression
and F = 39.6 in the female regression). From the overidentifying
restrictions test (J-test), there is evidence that the excluded
instruments are exogenous, with associated p-values in the 0.4-
0.5 range. Charts 3, 4 provide corroborative evidence for the
excludability of the instruments, using the kinky least-squares
(KLS) approach. Finally, tests the endogeneity of math self-
efficacy (Wu-Hausman F-test) suggest that the null hypothesis
that math self-efficacy is exogenous is accepted for both males
and females; however, the associated p-values are relatively
low, at about 0.2.
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In the male regression, the IV estimate of the effect of
higher earlier math achievement on later math self-efficacy
(B = 0.32; p-value = 0.01; 95% CI: 0.08, 0.55), is larger than
the OLS point estimate (§ = 0.19; 95% CI: 0.16, 0.23). This IV
estimate exceeds the threshold for weak effect size. However, the
corresponding IV estimate for females (8 = 0.16; p-value = 0.35;
95% CI:-0.18, 0.51) is smaller, less precisely estimated compared
to the male estimate, and similar in size to the OLS estimate
for females (B = 0.21; 95% CIL 0.16, 0.25). Due to higher
standard errors of the IV estimates, gender differences in effect
estimates can be established only at 80% or lower confidence
intervals; however, the findings are at least suggestive of a higher
effect size for males.

In conclusion, after considering potential endogeneity
biases associated with earlier math achievement, based on the
moderate size of the effect of earlier math achievement on
later math self-efficacy, the findings provide support for the
skills development hypothesis for males, but the evidence for
females is weak.

Including teacher variables:
Comparison of estimates

Since the reported results are based on models without
teacher variables, the coefficient estimates of interest were
compared between the models without and with inclusion
of teacher variables. With the teacher variables included in
the vector of exogenous covariates in the model, having a
more experienced math teacher is associated with a small and
marginally statistically significant positive effect on students’
math achievement. Having a male math teacher was negatively
associated with girls math performance but the association
was weak, while no association between math performance
and teacher’s gender was detected for males. Finally, no
association between math self-efficacy and the two teacher
variables was detected.

The coefficient estimates of earlier math self-efficacy in
Model 1 and earlier math performance in Model 2 from the
IV regressions without and with teacher variables, at least
qualitatively; however, the estimated effects for earlier self-
efficacy on later achievement (Model 1) are somewhat smaller
for both males and females and less precisely estimated. For
males, the estimated effect (B = 0.09; p-value = 0.46) is of similar
magnitude to the OLS estimate, while the corresponding effect
estimate for females (B =-0.03; p-value = 0.85) suggests that
earlier math self-efficacy is not predictive of later achievement.
In Model 2, the estimates from models with and without
inclusion of teacher variables allow for the same conclusions; for
males, the estimated effect mirrors that from the model without
teacher variables (B = 0.33; p-value = 0.01) and is statistically
significant at the 1% level. For females, the estimated effect is
small and statistically insignificant (f = .04; p-value = 0.78).
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Furthermore, from 95% confidence intervals, the estimated
effect for males is statistically larger than the corresponding
effect for females. Concluding, based on the findings from the
models with teacher variables, there is evidence of reciprocal
effects for males, with the dominant effect from earlier math
achievement to later math self-efficacy, while reciprocal effects
cannot be established for females.

Discussion

When assessing RQI, findings suggest that in Model
1, weak evidence of endogeneity of earlier self-efficacy was
found, but only for males. Comparing OLS and IV estimates
using confidence intervals, the IV estimate (8 = 0.185) is
larger than the OLS estimate (B = 0.089) at conventional
levels of significance. For females, on the other hand,
exogeneity of earlier self-efficacy is clearly accepted, with both
estimates essentially identical, at less than 0.1 SD higher
math achievement for one SD increase in earlier math self-
efficacy. With respect to RQ2 (is self-efficacy both a cause
of and an effect of academic achievement?), reciprocal effects
were established for male students, with the dominant effect
from earlier achievement to later self-efficacy. For females,
evidence in support of reciprocal effects is weak, especially
in relation to the self-enhancement hypothesis. Finally, when
assessing gender differences in effects (RQ3), comparing the
OLS confidence interval for females to the IV confidence
interval for males allows for the conclusion that the effect
of earlier math self-efficacy on later math achievement is
higher for males. However, gender differences in the effect
of earlier math achievement on later math self-efficacy could
not be established.

Before comparing the findings to those from earlier studies
in the area of self-efficacy and achievement in math, note that
this study differs from earlier studies in that it aims to derive
estimates of causal effects by using both: (a) longitudinal data
(as in a minority of related studies), from a large high-quality
US dataset and multiple measurements at a 2.5-year interval
and (b) Instrumental Variables (IV) methodology, which deals
with potential endogeneity biases. This approach is better
suited to derive causal effect estimates and identify gender
differences in effects.

Earlier findings, such as those from the meta-analysis
of longitudinal studies by Valentine et al. (2004), point to
effect estimates which are consistent with a small favorable
influence of positive self-beliefs on academic achievement (at
about B = 0.1); this effect size meets or slightly exceeds
Cohen’s definition of small effect size. These studies used
various measures of self-beliefs, i.e., self-concept, self-efficacy,
and self-esteem (but generally not math-specific), different
measurement delay, number of control variables, matching
vs. non-matching domains, and estimation method (such as
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multivariate regression, path analysis, and structural equation
modeling). No significant gender differences were identified
in the metanalysis, despite theoretical considerations relating
to academic and non-academic concerns suggesting gender as
a possible moderator. In this study I found that a stronger
effect of earlier self-efficacy on later achievement for males
compared to females, while the point IV estimate from the
baseline model (without teacher variables) for males is larger
than the OLS estimate, far exceeding the benchmark for small
effect size.

Comparing findings on presence of reciprocal effects and
effect dominance to past evidence, the findings bear some
similarity to those by Hwang et al. (2016), who found
a reciprocal relationship, with the effect of past academic
achievement on later self-efficacy beliefs being stronger than the
effect of self-efficacy beliefs on academic achievement. However,
no gender differences were established in these studies. I
provide evidence of reciprocal effects for male students with
the dominant effect from earlier math academic achievement on
later math self-efficacy; evidence of reciprocal effects for female
students is weaker, with the dominant effect from earlier math
academic achievement on later math self-efficacy as well.

The main findings of this study relate to differences by
estimation method (generally higher effect estimates from IV
compared to using OLS estimation) and related heterogeneity
of effects by gender (larger effect estimates for males compared
to females). The IV estimator accounts for confounding due to
unobserved attributes and measurement error, which are not
accounted for by the OLS estimator. One possible contributor
to the heterogeneity of effects by gender is misreporting
error in perceived math self-efficacy, since self-efficacy may be
subject to systematic self-report bias. Specifically, there may be
gender differences in misreporting/accurate reporting of math
self-efficacy. While the standard case of measurement error
pertains to problems with the “measurement tool,” here by
systematic self-reporting bias I refer to non-random deviations
between the self-reported and “true” values of the same measure
(e.g., Bauhoff, 2011). The cognitive bias associated with over-
estimating one’s ability, is known as the Dunning-Kruger effect
(Kruger and Dunning, 1999). If “true” self-efficacy values are
those consistent with students’ past mathematics achievements,
reported self-efficacy values can be over/under-estimates of the
“true” value. Using the standard non-classical “measurement
error” literature,® which occurs when the error in reporting
the covariate of interest is correlated with the true value of
that variable or with the errors in measuring those values (e.g.,
Bound et al,, 1994), biases in any direction may arise (see for
example, O’Neil and Sweetman (2012).

6 In the case of “classical” measurement error (error term as mean
zero and is uncorrelated with the "true” dependent and the independent
variables), the estimated coefficient from a naive estimator, such as the
OLS estimator) will be biased toward the null (attenuation bias).
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There are practical implications for the classroom from
the findings in this study. Girls report lower mathematics self-
efficacy than boys, while actual performance in mathematics
does not differ significantly between genders. If the findings
on gender differences in effects is associated with boys
overestimating their past mathematics performance (positivity
bias/positive illusions),” while girls underestimate them or
rate them more accurately, the result could be girls not
pursuing math intensive courses. Increasing girls’ positivity
bias in mathematics through feedback from teachers on
their individual or group good past math performances
toward bringing their perceptions into line with past
of
such an intervention requires teachers’ feedback, boosting

achievements, is a promising intervention. Success
future strengthening of self-efficacy perceptions of girls.
This can boost girls’ willingness to pursue more advanced

mathematics courses.

Limitations

The findings in this study can be generalized in the
context of the relationship between mathematics-specific
(academic) self-efficacy and mathematics performance in
high school. One possible limitation to generalizing the
findings, is that in the HSLS survey the mathematics
domain on which assessment is based is somewhat narrowly
defined (i.e., algebraic content domains and reasoning) so,
one might hypothesize that with a different assessment
domain, findings might have been somewhat different. Another
limitation is that the derived IV estimates come with higher
standard errors (as is usually the case); as a result, some
of the differences in IV estimates (i.e., male vs. female)
are suggestive, since differences cannot be demonstrated
based on statistical significance at conventional levels of
significance (for example, the difference in IV estimates by
gender for the effect of earlier math self-efficacy on later
math performance).

Conclusion

This study aimed to first, investigate potential endogeneities
in the relationship between students™ self-efficacy perceptions
and their achievement in the domain of mathematics; second,
after accounting for potential biases due to endogeneity,
establish bidirectional causal relationships between self-efficacy
and achievement; and third, identify differences by gender in
effect estimates. Toward these aims, longitudinal data from the
HSLS09 and first follow-up surveys on US high school students
was used, along with Instruments Variables (IV) estimation. To

7 This is suggested as a possible explanation, rather than having been
demonstrated.
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uncover potential gender differences in effect estimates, models
were estimated separately by gender.

The findings can be summarized as follows: (a) evidence
for endogeneity of earlier self-efficacy as a predictor of
later mathematics achievement and of earlier mathematics
achievement as a predictor of later self-efficacy was found,
but only for male students; (b) robust reciprocal effects
from IV regressions were established only for male students,
with the dominant effect from earlier achievement to later
self-efficacy; and (c) while earlier correlational studies did
not find significant gender differences in effects despite
theoretical expectations for their existence, the findings in
this study support higher effects for male students. Given
that girls report lower mathematics self-efficacy than boys
while their performance in mathematics does not differ
significantly from that of boys, increasing girls’ positivity
bias in mathematics through feedback from teachers on
their individual/group good past math performances, is a
promising intervention.
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Conducting effective classroom dialog is an important foundation for high-
quality classrooms. This study investigates the characteristics of effective
classroom dialog from the perspective of Chinese mathematics classrooms.
Classroom videotapes from 40 expert and 33 novice teachers were selected
from a national project and analyzed through a developed coding framework.
Results showed that the dominant types of dialog in expert teachers’ classrooms
were related to Basic Knowledge, Construction, Analysis, and Personal
Information. Compared to novice teachers, expert teachers’ classrooms have
a significantly lower proportion of dialog on Basic Knowledge and significantly
higher proportions of dialog on Personal Information and Speculation. Based
on expert teachers’ classrooms, the characteristics of effective classroom
dialog in the Chinese context were discussed. The analytical framework
for classroom dialog developed in this study could be a powerful tool for
subsequent research. Suggestions are provided on increasing the effectiveness
of classroom dialog.

KEYWORDS

effective classroom dialogue, comparative study, Chinese mathematics classrooms,
expert teachers, novice teachers

Introduction

It has been widely documented that effective classroom dialog can promote students’
learning outcomes by facilitating their robust learning, deepening their understanding of
knowledge, and developing their critical thinking skills (Mercer and Dawes, 2014; Resnick
etal., 2015; van der Veen et al., 2017; Howe et al., 2019). Thus, the characteristics of effective
classroom dialog and strategies to facilitate effective classroom dialog are of central interest
to researchers (Howe and Abedin, 2013; Song et al., 2019).

While studies on classroom dialog have grown rapidly in the past 20 years, most have
been conducted in Western contexts (Song et al., 2019). This study argues that viewing the
characteristics of effective classroom dialog from the perspective of Chinese mathematics
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classrooms is necessary and valuable. Learning about teaching and
learning from high-achieving education systems has become a
trend (Li and Shimizu, 2009), and Chinese students constantly
outperform their Western counterparts in mathematics in
international comparative studies, such as the TIMSS (Trends in
International Mathematics and Science Study) and PISA
(Programme for International Student Assessment). It is widely
agreed that such outstanding performances are related to the high-
quality of instruction in Chinese classrooms (Stigler and Hiebert,
2009; Fan et al., 2015). By focusing on classroom dialog, an
important foundation for high-quality instruction, this study
investigates the wisdom of Chinese mathematics teaching.

The beginning of the 21Ist century has seen a wave of
international comparative studies of classroom teaching and
learning, with TIMSS video study and the LPS (The Learners’
Perspective Study) being the main representatives. Many
conclusions regarding the characteristics of Chinese mathematics
classrooms have been drawn during this time (Leung, 2005;
Huang, 2006). However, classroom teaching and learning have
greatly changed in the last two decades as China’s current
mathematics curriculum reform has advanced (Cao and Leung,
2018). There is a need to examine what constitutes an effective
classroom in the reform context. In general, Chinas current
mathematics curriculum reform calls for a transition from
examination-oriented to quality-oriented instruction to cultivate
students as lifelong learners with problem-posing and solving
abilities, improved communication and collaboration skills, and
greater creativity (Cao and Leung, 2018). In terms of classroom
instruction, it aims to shift from a teacher-centered approach (e.g.,
teacher control, lecturing, rote memorization, and extensive
exercises and practices), to a more student-centered approach
(e.g., self-regulated learning, exploratory and hands-on activities,
group discussion, and project work) (Ministry of Education, 2001,
2011). Another important and recent trend in Chinas current
curriculum reform is the emphasis on cultivating students’ high-
order thinking abilities (Ministry of Education, 2011, 2022).
China’s “Core Literacy for 21st Century Student Development”
(Lin, 2016) and “5C Model for 21st Century Core Literacy” (Wei
et al., 2020) consider high-order thinking abilities—including
critical, creative, innovative, and problem-solving thinking—as
key to core literacy development. These curriculum reform ideas
and initiatives will be considered when constructing the analytic
framework and discussing effective classroom dialog.

Furthermore, this study adopts an expert-novice comparison
design, often used by cognitive psychologists to study knowledge
in specialized domains (Berliner, 2001). Expert teachers are those
with high attainments in classroom teaching, student achievement,
and research (Goodwyn, 2016). Their classroom teaching practices
are models and motivators for other teachers. A comparison with
novice teachers can better reveal the unique characteristics of
expert teachers’ classrooms and provide suggestions for improving
novice teachers’ classroom practices.

The identification and selection of expert teachers vary from
study to study (Brandt, 1986; Leinhardt, 1986), making
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comparison between studies difficult. There have been growing
calls to identify expert teachers using a systematic and rigorous
teacher credential mechanism (Berliner, 2001). China’s nationwide
professional title system for primary and secondary school
teachers—which is based on teachers’ educational background,
teaching performance, student achievement, and teaching and
research ability (Gao, 2016)—helps this study identify teachers
who enjoy a good reputation in their teaching field and are
recognized as experts in education and teaching.

Based on the above background and purpose, this study
addresses the following questions:

1. What are the characteristics of Chinese expert mathematics
teachers’ classroom dialog?

2. What are the similarities and differences between Chinese
expert and novice mathematics teachers’ classroom
dialog characteristics?

The first question explores what constitutes effective classroom
dialog in Chinese expert teachers’ classrooms. The second
question explores the similarities and differences between expert
and novice teachers to examine the former’s classrooms’
characteristics and provide suggestions for improving the latter’s
competencies for conducting effective classroom dialog.

Literature review

Notions and characteristics of effective
classroom dialog

The existing literature includes various definitions for
classroom dialog, all highlighting interaction as a key feature
(Mercer et al., 2019). This study adopts Howe and Abedin’s (2013)
definition of classroom dialog, i.e., communication where “one
individual addresses another individual or individuals and at least
one addressed individual replies” (Howe and Abedin, 2013,
p. 326), as it is broad enough to encapsulate other definitions’
many commonalities (Song et al., 2019).

Much of the research on classroom dialog builds on Vygotsky
(1978) socio-cultural theory, which discusses the relationships
between thought, action, communication, and culture (Alexander,
2015). The central view of socio-cultural theory emphasizes that
society can be seen as a network of shared activity systems whose
interactions are mediated by language, rules, community, and
division of labor (Lantolf, 2000). Learning is an activity in which
the subject constructs meaning through dialogical interaction in
a socio-cultural context. In learning activities, language is the
medium, subjective meaning construction is the core, and cultural
context is the foundation.

It has been widely documented that effective classroom dialog
helps students exchange different ideas, develop critical thinking,
and strengthen their understanding of knowledge, resulting in
improved learning outcomes (Mercer and Dawes, 2014; van der
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Veen et al, 2017; Howe et al., 2019). As such, researchers,
policymakers, and educators are interested in learning how to
facilitate effective classroom dialog (Zuiker and Anderson, 2021).

Researchers use “scaffolding “as a metaphor for effective
classroom dialog and describe how teachers use dialog to build
channels that guide students’ independent inquiry, develop
analytical and problem-solving skills, and promote critical
thinking through discussion, questioning, and reflection, resulting
in transferability and innovative capabilities (Bakker et al., 2015).
Alexander (2008) proposed that dialogic teaching should
be collective, reciprocal, supportive, cumulative, and purposeful.
Liu (2013) echoed this, claiming that the ideal state of teacher-
student dialog is one in which students express their mathematical
ideas freely and openly. When teachers listen and respond
effectively to their students’ ideas, both parties can develop an
understanding and create meaning in a discourse community.
Howe etal. (2019) identified several productive forms of classroom
dialog, including open questions, elaboration and reasoning,

coordination across contributions, and metacognition.

Frameworks regarding the analysis of
classroom dialog

Classroom dialog can be analyzed using a quantitative or
qualitative approach. Each approach has its strengths and
weaknesses, which makes them suitable for different purposes. A
quantitative method often uses a coding scheme to analyze
classroom videotapes/transcripts and look for patterns or
relationships. For instance, many existing studies have adopted the
FIAS to code classroom activities every 3s to determine the
teaching style based on the frequency distribution and interaction
of each code (Martina et al., 2021; Zhao and Boonyaprakob, 2022).
Qualitative methods often focus on certain classroom moments
and seek the deeper meaning behind the dialog. A qualitative
analysis framework should be open and sustainable to account for
classroom dialog’s social and cognitive nature and probe how
language influences thinking and knowledge construction.

With both quantitative and qualitative methods, the unit of
coding can vary from a single word to a sentence to several
sentences, as long as it is well defined (Chin, 2006; Wells and
Arauz, 2006). Howe et al. (2019) highlighted two frequently
adopted macro-and micro-level classroom dialog analysis
methods: turn-level and lesson-level, respectively. Turn-level
analysis refers to the coding conducted at each turn (identified via
speaker switch). A turn can be coded by more than one code if
applicable. Lesson-level analysis can be applied if certain aspects
of the lesson, such as the classroom atmosphere, are difficult to
describe in a micro manner. In such a case, the classroom dialog
can be rated comprehensively and holistically.

Several frameworks are available to analyze classroom dialog
(Song et al., 2020), the most well-known being IRF (Sinclair and
Coulthard, 1975), FIAS (Flanders, 1970), and CLASS (Pianta et al.,
2008). However, these frameworks mainly focus on the form of
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classroom dialog. For instance, IRF categorizes classroom dialog
by initiative, response, feedback, or evaluation, while FIAS lists 10
kinds of teacher or student behaviors. None can reflect the
connotation and quality of the dialog. Therefore, some research
teams have set out to develop frameworks that focus more on the
effectiveness of classroom dialog (Howe et al., 2019). For instance,
the Cambridge Educational Dialogue Research Group (see Howe
et al., 2019) proposed a coding scheme to represent productive
dialog that includes items like elaboration, reasoning,
coordination, agreement, querying, reference back, and reference
widely. Song et al. (2020) reviewed coding frameworks for
classroom dialog over the past two decades, concluding that a
dialogic framework should encapsulate six themes: prior
knowledge, personal information, analysis, generalization,
speculation, and uptakes.

However, these analytical frameworks in the literature have
different indicators and standards, making it difficult to compare
findings across studies. Given the rapid growth of research in this
field, a comprehensive, general, and scientific analytical framework
for classroom dialog is greatly needed to make cross-study

comparisons more applicable and effective.

Research on classroom dialog in Chinese
mathematics classroom

A systematic investigation of Chinese mathematics classrooms
was conducted at the beginning of the 21st century through
several international comparative studies of classroom teaching
and learning, such as TIMSS video study and LPS.

The TIMSS 1999 video study revealed that classroom dialog
in the classrooms of Hong Kong SAR is characterized by (1)
whole-class interaction; (2) teacher-led lectures; (3) more
reasoning and argumentation and more fully-developed
expression; (4) a more coherent classroom; and (5) a higher
likelihood of student engagement in mathematics learning, etc
(Leung, 2005).

Four regions in China (Hong Kong SAR, Macau SAR, Shanghai,
and Beijing) participated in the LPS Study, which recorded 10-15
consecutive lessons from at least three representative Grade 8
mathematics teachers in each region. The results showed that in
Chinese classrooms, whole-class interaction was the main type of
interaction behavior in Chinese mathematics classrooms; the
teacher initiated most interactions, and the average volume of
teacher discourse was 6.6 times that of students (Cao and He, 2009).

Huang (2006) synthesized the literature on research on
teaching and learning in Chinese mathematics classrooms to
summarize the characteristics of Chinese mathematics classrooms.
Those related to classroom dialog included emphasizing on
explanation and illustration, mathematical reasoning,
development and construction of knowledge, and procedural
problem practice and emphasizing on format, mathematical
connections, stimulating questioning and teacher-student

interaction, and a lack of realistic contextual connections.
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An expert-novice comparison design was often adopted when
discussing classroom teaching and learning effectiveness.
Generally, expert teachers gave students more opportunities to
express their ideas, be more sensitive to classroom tasks, and
be more perceptive of social situations while problem-solving
(Wang and Ye, 2020). In addition, expert teachers paid greater
attention to developing students’ mathematical and high-order
thinking abilities (Huang and Li, 2012); gave higher-quality
explanations that were more accurate and critical (Song et al.,
2021a); shared better knowledge regarding eliciting and
responding to student thinking; and encouraged students to
generate their ideas and work (Gai et al., 2009). In contrast, novice
teachers tended toward “teacher-centred interactive dialog,
characterized by “teacher’s question, student’s answer, and
teacher’s evaluation.” (Gai et al., 2009, p.38). Novice teachers often
repeated students’ answers and offered few opportunities for
student participation (Wang and Ye, 2020).

The past two decades of curriculum reform have wrought
many changes in classroom teaching and learning. However, few
recent studies have investigated classrooms; the few local studies
that were conducted mostly featured small sample size and yielded
hard-to-generalize findings.

Methodology
Research context and participants

According to the latest standard for China’s teachers
professional title promotion system released on August 28, 2015
(Ministry of Education, 2015), primary and secondary school
teachers can be assessed as level 3, 2, 1, senior, or exceptional. This
study defines novice teachers as those having fewer than 5 years
of teaching experience and a level 3 or 2 professional title, and
expert teachers as those with a senior or exceptional title.

According to the Ministry of Education (2015), senior and
exceptional level teachers are required to (1) work and teach on
the front line of education for a long time, act as guides and
mentors to promote young students’ healthy growth, excel at
classroom teaching and counseling tasks, and achieve outstanding
teaching and education results; (2) have an in-depth and
systematic mastery of the curriculum, professional knowledge of
the subjects they teach, outstanding educational and teaching
performance, exquisite teaching art, and a unique teaching style;
(3) lead and direct educational and teaching research, achieve
creative results in educational thinking, curriculum reform,
teaching methods, etc., apply them widely in their teaching
practice, and play an exemplary and leading role in implementing
quality education; and (4) have a bachelor’s degree or higher.

Level 2 and 3 teachers are required to (1) be relatively
proficient in the principles and methods of educating students and
perform the work of classroom teachers and counsellors with
good educational results; (2) show mastery of basic pedagogical
and psychological theories and knowledge, have the necessary
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professional knowledge for the subjects they teach, independently
master the syllabus and teaching materials of the subjects they
teach, correctly impart knowledge and skills, and have good
teaching effectiveness; (3) master educational and teaching
research methods, actively conduct educational and teaching
research, and practice innovation; and (4) either have a master’s
degree; or have a bachelors degree, complete a 1-year
apprenticeship, and pass the examination; or have a college degree
and have taught in primary and junior high school for more than
2 years; or have a secondary teacher training school degree and
have taught in elementary school for more than 3 years (Ministry
of Education, 2015).

The lessons analyzed in this study were selected from a larger
project that has systematically collected more than 500 junior
secondary level mathematics lessons from over 10 provinces in
Mainland China. Lesson selected for analysis in this study had to:
(1) have been videotaped in the past 5 years (2017-2021); (2) be a
regular lessons (not a public or competition lessons); and (3) cover
as many provinces and districts as possible. Additionally, each
school had to select one teacher and one lesson from that teacher;
if a teacher had multiple lessons, their second or third was selected
to reduce video disruptions. This process yielded lessons from 40
expert (averaging 22 years of teaching experience) and 33 novice
teachers (averaging 3years of teaching experience) in various
domains (40 Algebra lessons; 20 Geometry lessons; three Statistics
lesson; and 10 inquiry-based lessons). The project received ethical
approval from Beijing Normal University in January 2017 and all
participants, including principles, teachers, students, and
guardians, signed informed consent forms before data collection.

Analytical framework

The analytical framework of this study was adapted from the
coding instrument for productive classroom dialog developed by
Song etal. (2021b), which contains nine categories: prior knowledge,
personal information, analysis, coordination, speculation,
construction, agreement, challenge, and instruction /guide.

Song et al. (2021b) framework is based on a systematic review
of frameworks for coding toward classroom dialog over the past
30years and many years of research experience. The framework is
suitable for examining the effectiveness of classroom dialog as it
not only focuses on dialog form but also reflects its function
and quality.

In addition, this study developed sub-categories for the nine
categories proposed by Song et al. (2019) to better reflect the
characteristics of the mathematics subjects and align with the
current curriculum reform in China, using the process
described below.

First, the relevant literature was analyzed to look for potential
categories. Using word frequency analysis, the research team
analyzed recent policy documents regarding the development of
future students (e.g., OECD future of education and skills 2030; PISA

2021/2018/2012 mathematics framework; develop students’ core
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competency in China), the latest mathematics curriculum standards
from China, the United States, the United Kingdom, Singapore, and
Australia, and 180 papers related to classroom dialog in mathematics
classes rooms to examine figure student development goals from
local and international perspectives and capture the specific
characteristics of classroom dialog in mathematics.

Second, we identified 30 high-frequency keywords to provide
practical and valuable references for the development of the
framework. Through extensive discussion, two experts in
mathematics education further sorted these high-frequency
keywords into 10 key student development objectives—Dbasic
knowledge,
exploration, cooperative communication, mathematical expression,

problem-solving, logical reasoning, practical
transfer application, critical innovation, interest, and literacy—to
help develop sub-categories for the study’s analytical framework.

Third, referencing the above keywords, the research team
developed two to four sub-categories for each category. In
addition, the research team invited 20 experts in mathematics
education to evaluate the framework and then revised it based on
their feedback. After the revision, all 20 experts agreed that the
framework had good content validity.

Lastly, three researchers majoring in mathematics education
coded 15 lessons separately. The coding results were compared
and any differences were resolved through extensive discussion.
Descriptions of the coding framework were revised to reduce
confusion. Using the final framework, three researchers coded 10
lessons separately, and the inter-rater reliability is 91% (number of
dialog turns with consistent codes divided by the total number of
dialog turns).

The final framework is presented in Appendix 1.

Analytical process

All the lessons were transcribed verbatim, and the transcripts
were then analyzed. Classroom dialog was coded at the turn-level,
i.e., a contribution to an exchange made by a participant in a single
speaking turn or its constituents. Multiple codes could be applied
to each turn of dialog, but multiple instances of a single code
within one turn were marked only once. An example of the coding
result is presented in Appendix 2.

Three researchers coded the lessons, and the coding results
were double-checked. In the coding process, the researchers
would constantly refer back to the classroom videotapes to ensure
a good understanding of dialog context and improve the coding
accuracy. The whole coding process was conducted using the
Classroom Teaching Analysis Platform' developed by the
research team.

In the end, the proportion of each code in expert and novice
teachers’ lessons was calculated and compared. We chose
proportion rather than frequency because generally, dialog turns
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(the analytical unit) in expert teachers’ classrooms were much
fewer than those in novice teachers” classrooms. As such, the
proportion could better reflect the distribution of different types
of classroom dialog. In addition, a t-test (two-tail) was conducted
(Via SPSS) to examine the significance level of the differences
between expert and novice teachers.

Results

This study’s results are reported in two parts. The first part
presents the characteristics of classroom dialog by expert teachers
to reveal the characteristics of effective classroom dialog in China.
The second part compares and contrasts the characteristics of
expert and novice teachers’ classroom dialog.

Characteristics of classroom dialog in
expert teachers’ classrooms

From Figure 1, we can see that the proportion of various
classroom dialog types from largest to smallest is Basic Knowledge
(27.2%), Construction (20.2%), Analysis (17.6%), Personal
Information (16.7%), Coordination (5.7%), Agree and challenge
(4.9%), Guide and instruction (4.3%), and Speculation (3.4%).

Basic Knowledge contains mathematical concepts and symbols,
relationships and operations, the history of mathematics, general
knowledge, and other knowledge. Typically, classroom dialog
related to basic knowledge accounts for the largest proportion, as
learning basic knowledge is the basic task of mathematics
classrooms. From Figure 2, we can see that in addition to a big
proportion of dialog on newly learned knowledge (16%), there was
also some dialog on prior-known knowledge (5.4%). By reviewing
prior-known knowledge, teachers can deepen students’ memory
and lay the foundation for new knowledge. Leinhardt (1989)
similarly reported that expert teachers often “used something
familiar to teach something new” (p.66). In addition, expert
teachers often repeated students’ answers to emphasize relevant
knowledge and deepen students’ memory (5.8%).

The proportion of the code “Construction” (including the two
sub-codes, Probing, and Extending) ranked second. From
Figure 2, we can see that most of the dialog related to Construction
was Probing (15.6% out of 20.2%), referring to the dialog in which
the teacher/student builds on prior utterances to dig deeper. For
instance, “How did you come up with this idea?” and “You said
that the two triangles are similar; can you explain why?” The
results showed that expert teachers often advanced their students’
thinking through questioning and always required explanations
and justifications. The large proportion of dialog related to
Construction shows that expert teachers were adept at advancing
their teaching based on students thoughts/views. Such an
observation was also reported by Even et al. (1993), who found
that expert teachers could flexibly use students’ responses to carry
on their teaching rather than follow a fixed procedure.
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Dialog related to Analysis, e.g., extracting information from
tasks, logical reasoning, analyzing and solving problems,
explaining, arguing, and evaluating, ranked third. The teacher
often guided students, helping them analyze the problem in depth
and make a breakthrough to solve it, thereby improving their
ability to analyze and solve problems, at the same time, in the
process of argument and evaluation, students’ logical reasoning
ability. By giving examples and explanations, students developed
the ability to transform complex and abstract mathematical
knowledge into concrete, easily understandable knowledge and
elaborate on it in their own words.

Personal Information code and its four sub-codes well
reflected the ideas advocated by the current curriculum
reform, which calls for connecting learning content to
students’ daily lives (Personal experience), encouraging
students to freely express their ideas (Subjective opinion),
encouraging divergent thinking (Imagination), and developing
positive attitudes and values (Emotion and value). We can see
that dialog related to personal information was considerable
and consisted mainly of the sub-codes, Subjective opinion
(13.1% out of 16.7%) and Personal experience (2.8% out of
16.7%). The expert teachers often encouraged their students
to use their imagination and express their personal opinions,
thereby developing the students’ imagination, curiosity, and
ability to ask questions.
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The four other codes—Coordination, Speculation, Agreement
and Challenge, and Guide and Instruction—occurred far less
often. Several sub-codes reflecting the ideas of curriculum reform,
such as Summarization (4%), Prediction and hypothesis (2.4%),
Agree (3.3%), and Guide (3.4%), accounted for a relatively higher
proportion, indicating that expert teachers consciously
implemented curriculum reform ideas in their classrooms.
However, some sub-codes important for developing students
higher-order thinking—such as Connection (1.3%), Modeling
(0.4%), Migrating application (0.3%), and Challenge (1.5%)—
comprised a very low proportion of classroom dialog, suggesting
that Chinese teachers (even expert ones) paid insufficient attention
to developing students’ higher-order thinking in their

classroom teaching.

Comparison of classroom dialog
between expert and novice teachers’
classrooms

Figure 3 and Table 1 show that novice and expert teachers’
classrooms shared some characteristics. For instance, both
emphasized Basic Knowledge, Construction, and Analysis. Results
also showed that Speculation, which signifies high-order thinking,
was comparatively rare in expert and novice teachers’ classrooms.
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However, compared with novice teachers, expert teachers had
(1) a significantly lower proportion of dialog related to Basic
Knowledge (27.2% vs. 40.6%, p=0.000) and (2) a significantly
higher proportion of dialog related to Personal Information
(16.7% vs. 4.6%, p=0.000) and Speculation (3.4% vs. 0.4%,
$=0.000).

The differences in dialog related to Basic Knowledge mainly
lay in the sub-code “Newly learned knowledge” We can see that
40.6% of classroom dialog in novice teachers classrooms was
about basic knowledge (concepts, theorems, formulas, and
operations) that was mostly new to students (26.5% out of 40.6%).
As discussed earlier in the above section, expert teachers often
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introduced new knowledge via a fundamental review of prior-
known knowledge, while novice teachers tended to teach new
knowledge directly.

Regarding the Personal Information code, the differences
mainly lay in the Subjective norm code (13.1% vs. 3.6%). Expert
teachers’ classrooms also featured slightly more dialog related to
Personal experience (2.8% vs. 0.8%). A closer examination of the
lesson transcripts revealed that expert teachers often started their
lessons with a contextual problem closely related to students
personal experiences and asked more open questions, encouraging
students to express their thoughts freely. Expert teachers tended
to guide students to realize their mistakes, correct their answers,
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or invite other students to comment, whereas novice teachers
often corrected the answer themselves. Connecting the learning
content to students’ daily lives and encouraging students to
express their ideas are the key ideas of the current curriculum
reform. Thus, the results showed that expert teachers’ classrooms
were generally more aligned with curriculum reform requirements.

Dialog related to Speculation refers to using existing knowledge
and information to explore the unknown, inference, problem-
solving, make hypotheses, predict the direction of things based on
evidence, etc. It is a code signifying a high-order level of thinking.
However, even though expert teachers had a significantly higher
proportion of dialog on Speculation than novice teachers, both were
quite low. It must be noted that the 33 lessons by novice teachers
included no dialog on Innovation and Creation, which refers to
ideas, thoughts, and opinions that are different from the norm or
others. From the videotapes, we observed that novice teachers
tended to adhere to the lesson plan rather than deviate based on
students’ reactions. They provided students fewer opportunities to
express their thoughts to ensure the lesson ran smoothly.

Discussion and conclusion
Discussion
This study’s results showed that expert and novice teachers

paid attention to classroom dialog related to Basic Knowledge,
Construction, and Analysis, the bases of Chinese mathematics
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lessons (Fan et al., 2015). Expert teachers facilitated significantly
less dialog related to Basic Knowledge and significantly more
dialog related to Personal Information and Speculation.

Based on the expert teachers’ classrooms, we can say that
characteristics of effective classroom dialog in the Chinese context
include ensuring students’ learning of basic knowledge, advancing
students’ responses through probing or extending questions,
always requiring an explanation or justification, relating the lesson
content to students’ daily experiences, encouraging students to
share their opinions, and facilitating inquiry-based activities.

Some of the characteristics mentioned above have been
documented in the literature. For instance, that effective classroom
dialog should be reciprocal and supportive (Alexander, 2008),
emphasize open questions, elaboration, reasoning, and making
connections (Howe et al., 2019), and make good use of students’
information to carry on their teaching rather than follow a fixed
procedure (Borko and Livingston, 1989). Questioning and guidance
in effective classroom dialog were more effective, strategic, and
adept at constructing cognitive networks (Song et al., 2021a).

The findings reflected some unique characteristics of Chinese
classrooms, such as the high proportion of dialog related to basic
knowledge, justification, and probing. In China, helping students
develop a profound foundation of basic knowledge and skills are
important instructional goals (Ministry of Education, 2022).
Requiring rigorous justification and proof is also an important
characteristic of Chinese mathematics classrooms (Huang and Wong,
2007). This study shows that expert and novice teachers frequently
used “probing;” an important and effective instructional strategy in
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TABLE 1 T-test regarding the average percentages of each code between expert and novice teachers.

Codes Sub-codes Expert teachers (%) Novice teacher (%)s T statistic P value
Basic knowledge* 27.2 40.6 4.784 0.000
Prior-known knowledge 5.4 7.8 —1.482 0.143
Newly learned knowledge* 16.0 26.5 —3.503 0.000
Repetition 5.8 6.4 —0.545 0.588
Personal Information* 16.7 4.6 —-7.116 0.000
Personal Experience 2.8 0.8 2.699 0.01
Subjective opinion* 13.1 3.6 7.386 0.000
Imagination 0.2 0.1 0.387 0.700
Emotion and value 0.7 0.1 2.939 0.005
Analysis 17.6 14.1 —-1.657 0.102
Task analysis 2.6 1.9 0.904 0.369
Exemplification 0.9 0.7 0.427 0.671
Justification 13.2 10.7 1.256 0.231
Evaluate 0.9 0.7 0.461 0.646
Coordination 5.7 6.5 0.767 0.445
Connection 1.3 2.3 —2.497 0.015
Summarization 4.0 4.2 —0.301 0.764
Modeling 0.4 0.0 2.428 0.02
Speculation* 3.4 0.4 —4.081 0.000
Prediction and hypothesis* 24 0.4 3.517 0.000
Migrating applications 0.3 0.0 1.841 0.077
Innovation and creation 0.7 0.0 3.079 0.004
Construction 20.2 23.5 1.321 0.191
Probing 15.6 19.7 —2.255 0.027
Extending 4.6 3.8 1.062 0.292
Agree and challenge 49 5.1 0.309 0.758
Agree 33 3.6 —0.495 0.622
Challenge 1.5 1.5 0.220 0.827
Guide and instruction 43 5.1 0.763 0.448
Instruction 0.9 1.8 —1.339 0.185
Guide 3.4 3.3 0.132 0.895

*Significant difference was found (p <0.001).

China (Fan et al., 2021). The results also showed that expert teachers’
classrooms were more aligned with curriculum reform requirements,
with considerable dialog related to personal information, prediction,
and hypothesis, whereas novice teachers should loosen their control
over the classroom and encourage more student participation.

The results also reveal that some codes related to higher-order
thinking, like Evaluation, Connection, Migrating applications,
Innovation, Creation, and Extending, only accounted for a low
proportion of classroom dialog. It is suggested that both expert
and novice teachers in China should pay attention to developing
students’ high-order thinking in classrooms.

Conclusion
This study finds that the dominant types of dialog in expert

teachers’ classrooms were Basic Knowledge, Construction, Analysis,
and Personal Information. Compared to novice teachers, expert
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teachers’ classrooms had a significantly lower proportion of dialog
related to Basic Knowledge and significantly higher proportions of
dialog related to Personal Information and Speculation. Expert
teachers’ classrooms to some extent reflected the characteristics of
effective classroom dialog in the Chinese context, which emphasize
basic knowledge, probing and extending students’ responses,
explanation, justification, real-life context, personal opinions, and
inquiry-based activities. These characteristics not only reflect the
traditional characteristics of Chinese classrooms but also the
requirements of China’s current curriculum reform.

Theoretically, this study broadens our understanding of
effective classroom dialog from a Chinese perspective, which may
have implications for improving the quality of classroom dialog in
other contexts. The framework for analyzing classroom dialog in
mathematics classrooms has good reliability and validity and can
be adopted in future studies.

Practically, this study can help educators in China and other
educational contexts to reflect on and improve their classroom
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practice. It is suggested that both expert and novice teachers in China
should pay attention to cultivating students” higher-order thinking
abilities through classroom dialog related to connection, modeling,
migrating application and creation, etc. Novice teachers should
reduce their control over the class, provide more opportunities for
students to express their ideas, and increase students’ actively
participate in classroom activities. For teachers in other contexts, the
Chinese expert teachers’ experiences suggested that enhancing
students’ learning of basic knowledge, probing and extending
students’ answers through guiding questions, providing more
opportunities for students to express their thoughts but always
requiring a justification, facilitating inquiry-based activities, as well as
flexibly adjust the instruction based on students’ reactions, are
effective strategies to increase the effectiveness of classroom dialog.

This study has several limitations. First, as its analysis was based
on lesson transcripts, this study only examined the frequencies of
different types of classroom dialog. Future studies could extend the
analysis to include the duration of each code to yield more
comprehensive results. Second, this study did not analyze teachers’
and students’ talk separately. As the current curriculum reforms call
for students to play a central role in class, it would be worth examining
students’ different responses. Third, due to the relatively large number
of teachers, only one lesson was selected from each teacher. Last, only
quantitative data were reported. A qualitative analysis of classroom
transcripts could enrich the results. These limitations will
be considered in our subsequent studies.
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The use of diagrams can be effective in solving mathematical word problems
solving. However, students worldwide do not construct diagrams unprompted
or have trouble using them. In the present study, the effects of problem-
appropriate diagram use instruction were investigated with an adaptation
of the multiple baseline design method. The instruction for using line
diagrams, tables, and graphs was provided to 67 junior high school students
in a staggered manner and the effects on problem solving of three different
types of problems was examined. The results showed that use of problem-
appropriate diagrams increased and persisted over time. More importantly, the
instruction led to increases in problem solving performance and to decreases
in perceived cognitive load. These findings support the argument that effective
diagram use depends on the acquisition not only of declarative knowledge,
but also sufficient procedural and conditional knowledge.

KEYWORDS

self-constructed diagrams, instructional methods, mathematical word problem
solving, cognitive load, representational effect, multiple baseline design, Japanese
students, visual representation

Introduction

In mathematics education, teachers draw on mathematical word problem solving
to facilitate application of acquired knowledge and skills to real and hypothetical
problems and situations (Schoenfeld, 1985; Reed, 1999). Students, however, experience
difficulties in solving word problems (Mayer et al., 1992; Reed, 1999; Jitendra et al.,
2007; Boonen et al., 2014) since it requires more than simple retention and recall of
facts and procedural steps. An effective heuristic to alleviate these difficulties is the
use of diagrams (Hembree, 1992; Stylianou and Silver, 2004; Jitendra et al., 2007;
Boonen et al., 2014). Diagrams facilitate self-explaining which in turn leads to deeper
understanding (Ainsworth and Th Loizou, 2003), promote the construction of mental
models for drawing inferences, and provide guidance towards appropriate learning
behaviour (Butcher, 2006; van der Meij et al., 2017). More specifically in mathematics,
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diagrams enable the construction of accurate solutions by
enhancing information and knowledge access (Chu et al,
2017; Cooper et al,, 2018). However, although these studies
contribute to understanding the role of diagrams in learning,
they provide only limited insights about constructing effective
diagrams for oneself. In many situations, students need to
construct their own diagrams for solving word problems in
classroom exercises, homework, or tests. Previous research
shows several obstacles when students are required to
construct their own diagram, instead of just inspect and
manipulate a given diagram. Indeed, students may omit
constructing a diagram, fail to construct an appropriate
diagram, or still draw incorrect inferences from their diagram
(Hegarty and Kozhevnikov, 1999; Uesaka and Manalo, 2006;
Corter and Zahner, 2007; Uesaka et al., 2007; van Garderen
et al, 2012). In the current study, we set out to study
instruction as a way of improving students’ construction of
appropriate diagrams in mathematical word problem solving.

The representational effect or the
appropriateness of a diagram for a
specific problem

Diagrams enhance understanding of a problem through
the representation of its elements and their interrelations
(Hembree, 1992). In other words, they facilitate the
construction of a schema or mental model of the problem text
(Zahner and Corter, 2010). Solving a mathematical word
problem involves two steps: generation of a problem
representation from the text and implementation or
computation of the solution (Kintsch and Greeno, 1985; Lewis
and Mayer, 1987; Hegarty et al., 1995; Duval, 2006). The first
step can be assimilated to a translation from one type of
representation to another (Ainsworth, 2006), also termed
conversion from one semiotic register to another (Duval,
2006). In Duval’s terminology, natural language, equations,
and Cartesian graphs constitute different semiotic registers for
representing abstract mathematical objects not directly
available to the senses. For example, a problem stated in
natural language can be converted into a line graph, but
neither text nor graph can be equated with the mathematical
object (e.g., a linear function) underlying the problem.
Research shows the importance of this first step: when
students construct an accurate visual-schematic representation
of a problem situation, they are more likely to produce the
correct answer (Hegarty and Kozhevnikov, 1999; Boonen
et al., 2014).

Diagrams may also facilitate the second step of implementing
the solution to the problem. Different isomorphic representations
of the same abstract structure or mathematical object differ in
their potential for solving a problem, termed “the representational
effect” (Zhang and Norman, 1994; Zhang, 1997). Any problem can
have multiple alternative forms of external representations
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(Schnotz and Kiirschner, 2008). Thus, different types of diagrams
to different
“representational guidance” (Suthers, 2003). For example, tables

attract attention features and may give
attract attention to empty cells and may reveal patterns in a series
of quantities in a problem. In mathematics, Duval spoke of
“operational significance” (Duval, 2006): a representation in a
particular semiotic register is meaningful because of the
operations that it affords. For example, tables and graphs do not
give a visual-schematic representation of the problem situation,
but instead provide a schema for how the problem can be solved
(Novick and Hurley, 2001; Zahner and Corter, 2010; Uesaka and
Manalo, 2012). In effect, they facilitate what Duval (2006)
described as transformations within the same semiotic register.
For example, graphs allow visual inspection, which helps in
identifying points of intersection of two or more trajectories.
There are a number of studies that have experimentally
the
requirements with representational affordances of diagrams.

demonstrated importance of matching problem
Hurley and Novick (2010), for example, asked participants to
solve problems using diagrams that did or did not match the
problem requirements. Predictably, they found poorer
performance (i.e., longer time to solve, inaccurate inferences)
in mismatched cases. It is clear therefore that in solving
mathematical word problems, not just any diagram will
be efficient: the kind of diagram selected and constructed must
match the requirements of the problem at hand. We will call this
problem-appropriateness of a diagram. Ideally, students need to
acquire the whole repertoire of diagrams because problem
solving in mathematics requires “representational flexibility”
(Nistal et al., 2009) or “meta-representational competence”
(diSessa, 2004; Verschaffel et al., 2020). In order to achieve
meta-representational competence, students first need to
acquire knowledge of the different types of representations.
Grawemeyer and Cox (2008) demonstrated that such knowledge
is crucial when solving “representationally specific tasks” (those
that can only be carried out effectively with the use of a very
limited range of representations).

Three kinds of representational knowledge are a prerequisite
for effective diagram construction and use: declarative (knowing
that), procedural (knowing how), and conditional (knowing when;
cf. Paris et al., 1983; Garner, 1990). In sum, students need to know
that certain kinds of diagrams are helpful for solving certain kinds
of problems (declarative knowledge). They need to know how to
correctly construct the appropriate diagram based on relevant
information in the problem description (procedural knowledge).
Finally, they need to know when to use a diagram as well as when
to use a specific kind of diagram (conditional knowledge). The
question arises whether instruction about representational
knowledge of different types of diagrams would increase
unprompted diagram use per se, and problem-appropriate diagram
use in particular. In investigating different types of diagram
instruction, the current study addresses this question and thus goes
one step further than previous studies on the interplay between
different types of diagrams and different types of problems.
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Cognitive load associated with
constructing diagrams

One reason for the observed difficulties in constructing
diagrams may lie in insufficient cognitive resources. From the
perspective of cognitive load theory, problem solving tasks can
only be successfully undertaken if the required or resulting
cognitive load does not exceed the capacity of working
memory (Sweller, 1994; Sweller et al., 1998). The effort for
visually representing concrete details explicitly described in a
word problem is low (e.g., illustrating details). In contrast, the
construction of an abstract diagram that does not visually
resemble the represented entities, such as a table or a graph,
Thus,
construction is more difficult and demands higher amounts of

requires more transformational steps. such a
cognitive effort (Uesaka and Manalo, 2012). Problem-
appropriate diagram instruction may reduce cognitive load
through schema construction (Sweller et al., 1998; Schnotz
and Kirschner, 2007). Schemas cluster elements of a problem
and its solution together making them more manageable.
Problem-appropriate instruction may draw attention to
specific problem features that provide clues for selecting the
most appropriate diagram (Duval, 1999, 2006), as well as the
relevant declarative, procedural, and conditional knowledge
for actually constructing and using that diagram (cf. Paris

et al., 1983).

The present study

For developing knowledge about diagrams, appropriate
instruction appears to be necessary (van Meter and Garner,
2005; Jitendra et al., 2007; van Garderen, 2007; Uesaka et al.,
2010; Manalo et al.,, 2019). Although instruction appears to
promote spontaneity in diagram use, the role of cognitive load
and the effect on the correctness in problem solving, particularly
where more complex problems are involved, has not been
established. Our main purpose therefore was to investigate
whether diagram instruction results in increases in unprompted
diagram construction. Moreover, we expect an increase of
problem-appropriate
diagram-specific instruction. As a result, correctness in solving

diagrams following corresponding
corresponding word problems should increase and persist over
time. Finally, we expect to see corresponding decreases in levels
of perceived cognitive load when working on mathematical
word problems.

Three diagram-specific instructions for line diagrams,
tables, and graphs were designed and tested on three
corresponding types of problems “Compare quantities,” “Predict
patterns,” and “Compare trajectories” respectively. These types
of problems and diagrams for solving them are a very important
part of the Japanese school curriculum (Ayabe et al., 2021). An
adaptation of the multiple baseline design method (Baer et al.,
1968; Morgan and Morgan, 2009) was used in order to compare
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the use of different kinds of diagrams and performance on
different types of problems across time following different types
of instruction. This design involves giving the three types of
instruction in a staggered manner and observing the effect on
all types of problems for the same participants. For example,
an increase in the use of line diagrams specifically and
corresponding improvement in problem solving performance
should only occur after the line diagram instruction and
exclusively for the targeted Compare quantities problems, not
the Predict patterns and Compare trajectories problems. Thus,
this design is more appropriate than a “no instruction” control
group because it allows comparisons of (1) the same students
(within-participant design) and (2) several kinds of instruction.
Our specific hypotheses were as follows:

HI: Diagram instruction leads to an overall increase in
unprompted use of diagrams.

H2: Diagram instruction leads to an increase in the use of
problem-appropriate diagrams persisting in time.

H3:
performance (correct answer rates).

Diagram instruction increases problem-solving

H4: Diagram instruction reduces perceived cognitive load.

Materials and methods

A faculty ethics committee of Kyoto University approved the
study. Participation was voluntary, and prior to the study,
participants received verbal and written explanations. Informed
consent was obtained from all participants and their parents.

Participants

Seventy junior high school students (aged approximately
14years, all Japanese) from three regular classes of a junior high
school in a small city in Japan participated in the study (ability
grouping is not usually practiced in schools in Japan). Students in
Japan perform well in mathematics by world standards (Japan
ranked 5th in mathematics in PISA 2018; OECD, 2019). We used
G*Power (Faul et al., 2007) to estimate the minimum sample size
for our within-participant design. This estimated that 46
participants would be required to detect a statistically significant
difference for the assumed small to medium size effect (f =0.25,
a-level p=0.05, power=0.80). Considering class sizes in the
school (<25 students), and allowing for dropout, three classes
were included to ensure minimal sample size. The experimental
sessions were conducted during regular class sessions. All the
students participated but three missed some sessions and their
data were excluded. Data from 67 students (female =36) were used
in the analyses.
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Problem-appropriate diagram instruction

Three dedicated instruction sessions covered the use of line, table,
and graph diagrams. Instruction and practice sessions were held
during regular class sessions (45 min duration). The instructions were
given by the first author, assisted by a school mathematics teacher.

To ensure fidelity to plan and equivalence of the three
instruction sessions, the authors discussed all contents and the
instructional steps were determined in advance. PowerPoint slides
were prepared and used to guide instruction. The instruction
covered (1) the characteristics and functions of each kind of
diagram (declarative knowledge), (2) the types and features of
mathematics word problems that each diagram is useful for
(conditional knowledge), and (3) the ways of constructing and the
reasoning behind each diagram (procedural knowledge). During
practice, the students solved example problems and constructed
diagrams individually.

Line diagram instruction

Line diagrams, also known as “line numbers” or “tape
diagrams” (Murata, 2008), visually express quantities as line
segments. Line diagrams allow inferring relationships between
sums, differences, multiples, and proportions (declarative
knowledge). Constructing a line diagram involves converting
quantities to lines to enable easier visual comparisons of the lengths
of the lines. Conditional knowledge included that line diagrams are
helpful for solving complex problems about relationships between
quantities. For developing procedural knowledge, students were
asked to construct line diagrams in solving three word problems
(isomorphic but different from those used in the tests).

Table instruction

The instructor explained and demonstrated how tables are
effective for organizing numbers or quantities of two variables of
interest. The students were told that creating an array for one variable
and then arranging the second variable in a corresponding array
would clarify the relationship between the two variables. Thus, a table
makes it easier to find the rule that determines how the two variables
change (declarative knowledge). The conditional knowledge
conveyed was that tables are helpful for identifying a consistent
pattern or rule of change in quantities to predict a future amount.
For developing procedural knowledge, the students practiced
constructing tables for use in solving three isomorphic word problems.

Graph instruction

The instructor explained that graphs (more specifically,
cartesian graphs) are useful for visually representing complex
variations or changes of quantities and gave a demonstration on
how to represent two variables of a word problem as points with
connecting lines on the x-and y-axes. The declarative knowledge
included that graphs enable visual awareness of the change in
quantities as they increase, decrease, or remain the same across
space and time. It also included knowledge about how graphs can
be used, such as extending two lines on graphs to find their
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intersection. The conditional knowledge conveyed was that a
graph should be used for complicated processes of change that
require projections of future events. Again, for developing
procedural knowledge, the students practiced constructing graphs
in solving three isomorphic problems.

Mathematical word problems

Five isomorphic problems (same problem structure but with
different cover stories) for each of three problem types (Compare
quantities, Predict patterns, and Compare trajectories) were used
for three types of problem-appropriate diagrams (line, table, and
graph diagrams respectively).

Compare quantities problems contained information about
the magnitudes of lengths or distances. Solving these problems
involved comparing these quantities. Line diagrams are
appropriate because constructing a correct visual representation
of the lengths not only provides a schematic layout of the problem
situation, but also supports identification and working out of
missing or unknown lengths (see example problems in Table 1).

Predict patterns problems contained information about
quantities at multiple times or stages. Students were not informed
of the rule-based character of the changes. Solving these problems
required students to infer the rule and predict future quantities.
Tables are appropriate because their structure makes patterns of
changes visible, which leads to apprehending the underlying rule.

Compare trajectories problems contained information about
actions from two or more entities (usually people). Solving these
problems required students to compare trajectories of the different
entities. Graphs are appropriate because they enable plotting
distances (relative to a point of reference) across time, which in
turn enables comparing trajectories.

Prior to the study, the 15 problems (5*3) were given to
five mathematics teachers (female=1; mean teaching
experience=9.2years, SD=2.8 years) to check whether they were
comparable and suitable for the intended grade level (14-year-olds
at junior high school). Minor adjustments were made based on the
teacher feedback. The revised problems were administered to 29
students from another school (female=12; mean age=13.2 years).
Multiple comparisons using paired t-tests of the correct answer
rates revealed no significant differences between the five problems
of each type. Thus, they were considered equivalent and randomly
used in the five test phases: Pre-test, Post-test after each of the three

instruction sessions, and Delayed post-test.

Dependent measures

Unprompted and problem-appropriate
diagram use

An analysis grid was constructed for scoring the kind of
diagram (Table 2). Numbers, equations, formulas, or computations
in columns were not considered as diagrams.
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TABLE 1 Example problems (translated from Japanese) and student-constructed problem-appropriate diagrams.

Compare quantities problem

There are three counters A, B, and C, at a concert venue for customers with
A, B, and C-type tickets. Upon opening, queue length at counter A is 72m,
unknown at counter B, and 56 m at counter C. Fifteen minutes after
opening, the queue length at A is 6 m shorter than twice the length at B,
and the length of C is 1 m shorter than half the length at A. How much did
queue length shorten in the first 15min? How long was the queue length at
B when the gate was opened? (counters become shorter at constant and

identical speed).

Predict patterns problem

You have to arrange regular hexagonal tiles of 3 cm sides one at a time.
Each new tile has to touch only one side of the tiles that are already placed.
However, once placed, a tile can have more than one of its sides touching
other tiles. When the number of sides (sides not in contact with other
sides) around the figure becomes 86, how many tiles will you have
arranged? When 26 tiles are placed, what is the length (in cm) around the

figure?

Compare trajectories problem

Manny leaves home at 6:30am and walks 1,650 m to school. At school,

he discovers that he forgot his lunch box and goes back. His mother
discovers the lunch box and decides to bring it to him. At 7:18 am, Manny
calls his mother’s mobile phone from a convenience store 900 m away from
his school. She tells him that she already passed the convenience store at
7:10am. They meet at the convenience store and Manny gets his lunch box.
What time did his mother leave home? How long did Manny stay at school
before returning home? (Manny and his mother walk at the same speed.

The house, convenience store, and school are on the same route.)
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Two teachers, with no vested interest in the study, rated all
1,005 answer sheets (5¥3*67) in random order, blind to both
test phase (5 phases) and type of problem (3 types). The
teachers first rated 20% of the answer sheets, and compared
and discussed their ratings with the first author. The teachers
then independently scored the remaining answer sheets.
Overall interrater agreement was high (Cohen’s kappa=0.918).
Unprompted diagram use was calculated as the presence of
any kind of diagram. Problem-appropriate diagram use was
calculated as the use of a specific kind of diagram for a specific
type of problem (line diagram for Compare quantities, table
for Predict patterns, and graph for Compare trajectories
problems).
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Correctness in problem solving

Correctness in problem solving was scored independently of
diagram use. For each question (answer sheet), two answers were
required for 0.5 points each. Correctness was scored 1 if both
answers were correct, 0.5 if only one of them was correct, and 0 if
both were incorrect or answers were missing.

Cognitive load

Cognitive load was measured using a short questionnaire for
intrinsic cognitive load (Leppink et al., 2014) translated to
Japanese, with some minor adjustments. The questionnaire
comprised four items, for example “T invested a very high mental
effort in the complexity of this activity, to be answered on a
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TABLE 2 Analysis grid for scoring constructed diagrams.

Line A line diagram consists of line segments or rectangular forms
(tapes, bars) representing quantities. Two or more segments
should be aligned so that their lengths can be compared.
Segments without units or scales such as in geometric shapes
or pictures should not be counted as a line diagram.

Table A table contains at least two arrays of numbers resulting in a
matrix of at least two by three (2 x 3) cells. A table need not
have a legend, labels, or borders. A 1x2 or 2x 2 table or an
incomplete table (< 6 cells) should not be counted as a table.
Graph A graph is a Cartesian coordinate system for plotting at least
two functions in which a quantity (cost, distance) varies in
time. The points and lines do not need to be correct. An
empty x-y plane without points or lines is not counted as a
graph.

Tllustration Any other graphical or pictorial visual expression or

depiction.

TABLE 3 Summary of the multiple baseline design. All five test phases
contained a Compare quantities, a Predict patterns, and a Compare
trajectories problem.

Session Day Instruction Test Phase
1 1 Pre-test

2 6 Line Post line test

3 9 Table Post table test

4 13 Graph Post graph test
5 22 Delayed test

10-point Likert-type scale (0=“not at all the case” to
9="completely the case”). The reliability of the scale was
confirmed on the 15 problems in the preliminary study
(Cronbach’s alpha ranged from 0.67 to 0.93).

Design and procedure

Following the multiple baseline method, instruction in the use
of line diagrams, tables, and graphs was provided in a staggered
manner in three sessions, respectively, (see Table 3).

The procedures used in administering the tests were identical
across the five phases. Each test contained the three types of word
problems in random order. Students were given 8 min to solve
each problem. Students filled out the cognitive load questionnaire
after solving each problem. All answer sheets were collected at the
end of each session. No marks, grades, or feedback on the tests
were given in between sessions.

Analyses

Unprompted and problem-appropriate diagram use were
dichotomous dependent variables (0 or 1). Therefore, Cochran’s Q,
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a non-parametric test, was used for analysis of main phase effects
and McNemar’s test was used for pairwise comparisons.
Correctness in problem solving had three possible scores (0, 0.5,
1) and perceived cognitive load ranged from 0 to 36. A repeated-
measures analysis of variance was run on these variables as it is
robust against violations of normal distribution assumptions
(Schmider et al., 2010). The Greenhouse-Geisser correction was
used when the sphericity assumption was not met. We performed
confirmatory analysis with the non-parametric Friedman test.

Results

Did diagram instruction lead to an overall
increase in unprompted use of diagrams?

Figure 1 shows diagram use (top row) as a function of problem
type and test phase and allows comparing the percentage of
answer sheets that included a diagram of any of the four kinds
(cumulated shaded parts of the bars) against those that did not
include any diagrams at all (white part of the bars). As expected,
the unprompted use of any diagram seems to increase as a result
of the instructions (white portion decreases over time) but only
for the Predict patterns and Compare trajectories problems.

The analysis showed no significant phase effect for Compare
quantities problems [Cochran’s Qu,=7.26, p=0.12]. Moreover, no
significant difference was found in diagram use between the tests
immediately before and after the line instruction [Pre-test versus
Post line, McNemar’s y*;)=2.88, p=0.90, p values were multiplied
by 10 as a Bonferroni correction]. Thus, the overall level of
unprompted diagram use of any kind of diagram was high for
Compare quantities problems (> 70%) from the beginning and
stayed at such a high level throughout the five phases.

In the Predict patterns problems, a significant phase effect was
found (Cochran’s Q. =48.35, p<0.001). However, no significant
difference was found in unprompted use of any diagram between
the tests immediately before and after the table instruction [Post
line versus Post table McNemar’s y*)=4.84, p=0.28]. A significant
increase was observed only after graph instruction [Post line
versus Post graph McNemar’s y°)=22.09, p<0.001]. Moreover,
unprompted use of any diagram for Predict patterns problems did
not increase nor decrease from the Post graph to the Delayed test
[Post graph versus Delayed McNemar’s y*;)=0.11, p=1.00]. Thus,
unprompted use of any diagram increased following table
instruction in the corresponding Predict patterns problems, but
only towards the end of the procedure.

Finally, a significant phase effect was also found for Compare
trajectories problems [Qu,=64.55, p<0.001]. The significant
increase in unprompted use of any diagram followed graph
instruction [Post table versus Post graph McNemar’s y°)=13.44,
p<0.01]. It seemed to still increase from the Post graph to the
Delayed test, but this was not significant [Post graph versus
Delayed McNemar's y*;,=3.00, p=0.83]. Hence, following graph
instruction, unprompted diagram use of any diagram for the
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corresponding Compare trajectories problems significantly
increased and sustained.

Did diagram instruction lead to a
persisting increase in
problem-appropriate diagrams?

We expected an increase of problem-appropriate diagrams
specifically. In other words, we expected increases in the use
of line diagrams for comparing quantities, tables for predicting
patterns, and graphs for comparing trajectories. Such
problem-appropriate diagram use should occur directly
following the corresponding instruction and persist in time
even after alternative diagram instruction. Figure 1 does show
this expected pattern of results. The use of each of the three
types of diagrams increases after the corresponding instruction
but only for the expected type of problem. Following line
instruction, although some line diagrams were also used for
comparing trajectories, the use of line diagrams increased for
comparing quantities [phase effect in line diagram use,
Cochran’s Qu,=69.30, p<0.001], but not for the other two
types of problems. Following table instruction, the use of
tables increased for predicting patterns [phase effect in table
use, Qu=121.39, p<0.001], not for the other two types of
problems. And finally, following the graph instruction, the use
of graphs increased for comparing trajectories [phase effect in
graph use, Q4 =105.86, p<0.001], again not for the other two
types of problems.
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Individual comparisons (again with Bonferroni corrections)
confirmed the pattern of results. In the Compare quantities
problems, the increase in line diagram use took place directly after
the line instruction [between Pre-test and Post line test,
McNemar’s ;)= 19.20, p<0.001]. It seemed to still increase in the
Delayed test. Indeed, there was a significant difference between
the Post line and Delayed test [y*;y=10.71, p<0.01]. Thus, as
Figure 1 shows, appropriate use of line diagrams for Compare
quantities problems directly followed line instruction and still
increased even after alternative table and graph instructions.

Similar results were obtained for the Predict patterns
problems. Following table instruction, table use increased
significantly for solving these problems [between Pre-test to Post
table test, y°,)=27.00, p<0.001] and increased still further from
Post table to the Delayed test [y*;,=16.00, p<0.001]. Thus,
appropriate use of tables for Predict pattern problems started
directly after instruction, and even continued to increase, rather
than decrease, after alternative diagram instruction.

Finally, in the Compare trajectories problems, graph use
increased significantly just after the graph instruction [between
Pre-test to Post graph test, y*;)=29.00, p<0.001]. However, unlike
above, appropriate diagram use did not further increase in the
Delayed test.

In all cases, the increase in problem-appropriate diagrams was
observed directly after instruction but exclusively for the
corresponding type of problem. Moreover, problem-appropriate
diagram use tended to intensify, even despite the instruction on
alternative diagrams. These results provide full support for the
second hypothesis.
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Did diagram instruction increase
correctness in problem solving?

We expected an increase in correctness for each problem type
directly following the corresponding diagram instruction and
remaining stable over time. Such an improvement in problem
solving can indeed be seen in Figure 1 (black bars in bottom bar
graphs). Since the diagram-appropriate instruction took place in
a staged fashion, the number of baseline data points differs for the
three problem types, Comparing quantities, Predicting patterns,
and Comparing trajectories (one, two, and three baseline data
points, respectively). We therefore tested the pattern of results
with three separate repeated-measurements analysis of variance,
one for each problem type.

ANOVA revealed a significant phase effect for Compare
quantities problems, Fy, 54 =9.24, p <0.001, n*=0.08. Comparing
adjacent phases showed that only the first contrast, between
Pre-test and Post line test, reached significance, f45=5.11,
p<0.001, Cohen’s d=0.88, all p values were Bonferroni adjusted.
Thus, correctness for Compare quantities problems significantly
increased following line diagram instruction and the higher level
of performance in problem solving persisted throughout the four
subsequent test phases.

We also found a significant test phase effect for Predict
patterns problems [F 34, 220,12 =40.06, p < 0.001, n*=0.26]. For this
type of problem, Figure 1 shows that correctness increased directly
after the appropriate table instruction. Indeed, in comparing
adjacent test phases, the contrast for the comparison between Post
line and Post table tests was significant, f,=28.95, p<0.001,
d=1.55. Thus, correctness for Predict pattern problems augmented
after the table instruction and the higher level maintained
throughout the subsequent tests.

Finally, the test phase effect was significant for Compare
trajectories problems, Fi 9 15756 =33.03, p<0.001, 1ng*=0.26.
Figure 1 clearly shows improved problem solving directly after the
problem-appropriate graph instruction. This expected distinct
increase in correctness after graph instruction was significant,
teey=6.31, p<0.001, d=1.09. Improved correctness for Compare
trajectories problems sustained at the obtained higher level in the
Delayed test.

Friedman test results provided confirmation of these
significant results in the Compare quantities problems
[’@=34.15, p<0.001], the Predict patterns problems [y*,=99.04,
Pp<0.001], and the Compare trajectories problems [y =90.93,
p<0.001]

Finally, we examined the relation between the use of problem-
appropriate diagrams and correctness in problem solving in the
Delayed test. Chi-square tests for contingency tables showed that
the students who produced an appropriate diagram also obtained
higher correctness in problem solving [Compare quantities,
Y'»=7.16, p<0.05 Predict patterns, y’»=19.30, p<0.001;
Compare trajectories, y*»=12.83, p<0.01]. These results show
that the use of problem-appropriate diagrams is indeed concurrent
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with correctness in problem solving, providing full support for the
third hypothesis.

Did diagram instruction reduce
perceived cognitive load?

Finally, we expected that diagram instruction would decrease
perceived cognitive load. Figure 1 shows that while the perceived
cognitive load seems slightly decreasing over time (gray bars in
bottom bar chart), the relation to diagram instruction is less
marked. Again, we ran a separate analysis for each of the three
problem types for the same reason given above.

The ANOVA showed a significant phase effect in the Compare
quantities problems [Fgs, s300n=14.51, p<0.001, ng*=0.08].
Unexpectedly, perceived cognitive load actually increased
significantly following line diagram instruction [Pre-test versus
Post line test, f=2.81, p<0.05, d=0.49]. Subsequently, a
significant decrease took place from the Post line to the Post table
test, fg=4.14, p<0.001, d=0.72. Perceived cognitive load was
lowest at Delayed test (significantly lower than at Pre-test,
tee=4.13, p<0.001, d=0.71). In other words, line diagram
instruction did not immediately lead to cognitive load reduction
in solving the Compare quantities problems, but a delayed
reduction could be observed.

A significant phase effect was also found for the Predict
patterns problems, Fg sg 23600 = 35.78, p<0.001, ng*=0.19. In the
Predict patterns problems, the pattern of perceived cognitive load
variations fully supported the fourth hypothesis. No change in
reported cognitive load was found prior to table instruction [Pre-
test versus Post line test, f=1.21, p=0.46 (ns), d=0.21], but a
significant decrease followed table instruction [f=4.37,
p<0.001, d=0.76, as well as a further decrease observed in the
next Post graph test, ¢, =2.95, p<0.05, d=0.51. Cognitive load
did not further decline in the Delayed test, ¢ =0.64, p=0.52 (ns),
d=0.11]. Thus, evidence was found that table instruction reduced
perceived cognitive load in solving the corresponding Predict
patterns problems.

Finally, the analysis of perceived cognitive load showed a main
effect of test phase for the Compare trajectories problems,
Fi3.41, 22480 =22.77, p<0.001, ng*=0.14. The contrasts showed that,
while there was no change in perceived cognitive load between
Pre-test and Post line test, there was an unexpected increase at
Post table test [i.e., Post line test versus Post table test, t=3.70,
p<0.01, d=0.64]. Following graph instruction, the reported load
then significantly decreased [i.e., Post table test versus Post graph
test, ¢ =3.38, p<0.01, d=0.58]. A further decrease in perceived
cognitive load was found at the Delayed test [Post graph test
versus Delayed test, ts;=5.50, p <0.001, d=0.95]. It is possible to
interpret the decline in cognitive load from Post table test through
to Delayed test as possibly stemming from practice effects.
However, given that no decrease in perceived cognitive load
actually occurred until after graph instruction was provided,
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we believe that on the whole these results can be taken as
supporting the fourth hypothesis.

Discussion

The results of the present study provide support for the
hypotheses that we tested. Diagram instruction increased
unprompted use of diagrams and, more importantly, it increased
the use of problem-appropriate diagrams. These increases in use
persisted in time. Furthermore, the instruction led to increases in
student problem solving performance and to decreases in their
perception of cognitive load associated with that problem solving.
In this section, we consider the reasons for and meaning of these
results, and discuss their theoretical, research, and practical
implication.

Promoting unprompted and
problem-appropriate diagram use

Two previously identified key challenges are that students
generally lack spontaneity in diagram use and that, even when
they construct diagrams, these are often not appropriate for the
problem (Hegarty and Kozhevnikov, 1999; Uesaka and Manalo,
2006; Corter and Zahner, 2007; Uesaka et al., 2007; van Garderen
etal,, 2012). The findings of the present study demonstrate that
with instruction focusing on the correspondence between
different types of problems and different kinds of diagrams both
of these challenges can be resolved.

Previous research revealed that deficiencies in declarative
knowledge is one important reason why students do not use
diagrams when they should. Previous research also showed that
instruction promotes greater spontaneity in the use of diagrams
in mathematical word problem solving (Uesaka et al., 2010). This
was confirmed in the present study: there were significant
increases in unprompted use of any diagrams in both the Predict
patterns and Compare trajectories problems following diagram
instruction. In the Compare quantities problems, increases in the
unprompted use of any diagrams also followed instruction, but
these were not significant. The most likely reason was that the level
of diagram use in attempts at solving the Compare quantities
problems was already high at the first baseline (Pre-test), and so
the increases that followed were proportionally small. Note that in
all three problem types, most of the diagrams that participants
constructed prior to instruction were illustrations (see Figure 1),
which would not have been helpful toward obtaining the
correct solutions.

Instruction specifically should promote the construction of
effective diagrams. Thus, in the present case, the goal of instruction
was not for students to construct any diagram because not all
diagrams are equal in helping toward generating the required
answers. Different representations, even when they are
isomorphic, vary in their potential for solving a problem
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(Zhang and Norman, 1994; Zhang, 1997; Duval, 2006; Schnotz
and Kirschner, 2008). Therefore, a crucial purpose of instruction
is to enable students to determine and construct the most
appropriate diagram to match the requirements of a problem. In
the present study, for all three problem types, significant increases
in problem-appropriate diagrams were evidenced following
instruction, and those increases maintained. In the test phases
following each instruction session, all three problem types were
administered (in a random order) but, in each case, a significant
increase was observed only in the problem type corresponding to
the kind of diagram for which instruction had just been provided.
This result suggests that, when given instruction, students are able
to distinguish pertinent features of a problem and consequently
select the most appropriate kind of diagram for solving it. They are
able to develop both the necessary conditional and procedural
knowledge.

Reducing cognitive load and improving
word problem solving

A third important point is that, if students construct a
problem-appropriate diagram, it should lead to a better problem
solving performance. Again, this was demonstrated in the present
study: the increases in appropriate diagram use coincided with
significant improvements in problem solving performance. This
outcome is understandable when we consider the representational
effect mentioned earlier (Zhang and Norman, 1994; Zhang, 1997)
and the specific operations that representations can enable in
mathematical problem solving (Duval, 2006). More specifically,
while some diagrams give an accurate visual-schematic
representation for understanding a problem (Hegarty and
Kozhevnikov, 1999; Boonen et al., 2014), they may not help in
actually solving it. Problem-appropriate diagrams, especially for
more complex mathematical word problems, are not just visual or
topographical representations. They are of a more abstract nature
that enables drawing inferences or executing necessary operations.
The execution of such operations is quite specific and systematic,
requiring the connections between pertinent details in the
problem text, the choice and construction of the diagram, and the
derivation of the solution, to be explicitly explained - and
practiced - in instruction sessions provided.

This brings up a fourth important point: that problem-
appropriate instruction likely reduces the cognitive load
experienced during problem solving, thereby facilitating the
unprompted and appropriate use of diagrams, as well as freeing
up cognitive resources that can be used in working out the
answers. Evidence suggesting this was obtained in the current
study: in all three problem types, instruction led to immediate or
subsequent reductions in reported cognitive load, which coincided
with increases in both appropriate diagram use and correct answer
rates. According to cognitive load theory, the acquisition of
knowledge and understanding relevant to a task leads to schema
construction, which in turn leads to a reduction in intrinsic
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cognitive load and to freeing up of resources in working memory
(Sweller et al., 1998). In the case of problem solving and diagram
use, prior to instruction the experience of cognitive load would
likely be high, especially if the student is unsure about what to do.
However, when problem-appropriate instruction is provided, the
student would learn what to do and possess a schema to use for
solving the problem. This means that the student’s experience of
cognitive load would likely decrease (Fuchs et al., 2020). Such
decreases could have arisen because of practice effects (Wesnes
and Pincock, 2002), so it would be useful in future studies to
obtain direct measurements of cognitive load (e.g., brain activity).
In the present study, there is also evidence from the multiple
baseline design that no significant decreases in cognitive load
occurred prior to instruction, even in the Compare trajectories
problems with three baseline points.

Theoretical implications

The findings of this research provide useful insights about the
use of self-constructed diagrams in problem solving. They
emphasize the importance of paying sufficient attention to the
cultivation of procedural and conditional knowledge. In most
Japanese mathematics classrooms, for example, teachers only
demonstrate the use of diagrams, without any explicit explanation
of how to select, construct, and use them (Uesaka et al., 2007).
Despite being familiar with the types of word problems and
diagrams, students did not spontaneously use diagrams and failed
to solve the problems at baseline. Thus, without proper
explanations students have gaps in their procedural and
conditional knowledge for diagram use, which not only explain
the lack of spontaneous use, but also of inappropriate use and
inability to draw the necessary inferences (Hegarty and
Kozhevnikov, 1999; Uesaka and Manalo, 2006; Corter and Zahner,
2007; Uesaka et al., 2007). The cultivation of the necessary (and
presumably incomplete) procedural knowledge and conditional
knowledge was addressed in this study through explicit instruction
in problem-appropriate diagram use — which proved effective in
improving problem solving behaviours.

The findings also indicate that an important consequence of
such instruction is the reduction of cognitive load, specific to the
problem type dealt with in the instruction. Our results suggest that
cognitive load reduction is instrumental not only in promoting
spontaneity in diagram use, but also in allowing sufficient
cognitive resources to bear on the problem and hence to solve
it successfully.

Furthermore, the findings draw attention to the distinction
between two important functions that diagrams can serve in
mathematical word problem solving: providing an accurate visual-
schematic representation for understanding the problem and
providing a schema or operational tool for solving it. Most
students are aware of the first of these functions, which is why
even prior to instruction many of the participants in the present
study produced illustrations. However, such illustrations even
when they portray an accurate schema of the problem situation,
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may not help in working out the solution to the problem. More
complex problems often require the use of more abstract diagrams
(tables, graphs) that do not visually portray the problem situation
but instead directly facilitate obtaining the required solutions. In
the research area of diagram use in mathematical word problem
solving, little work has been undertaken on this second function
(Verschaffel et al., 2020). We believe it deserves more attention as,
among other things, the transformational steps involved in their
construction need to be better understood.

Research implications

In this research, the multiple baseline design allowed within-
participant comparisons without requiring a control group.
Multiple testing phases showed increases in performance only for
the expected types of problems directly following the
corresponding instruction. This design is more commonly used
for evaluating individual behavioural change in response to an
intervention, particularly when there is an expectation that the
change would be irreversible (Baer et al., 1968; Morgan and
Morgan, 2009). Apart from across individuals (participants or
clients), variations of the multiple baseline design include across
settings, behaviours (Morgan and Morgan, 2009), and populations
(Hawkins et al., 2007). The design has previously been used to
evaluate the effect of providing instruction on mathematics skills
to students. However, usually, instruction in a single mathematical
operations using a particular teaching approach is evaluated
across individual students (Rivera and Smith, 1988). In the present
study, we used the design to evaluate the effect of instruction on
multiple aspects of participant responding (behaviour,
performance, perception) across variations in types of problems,
with the aim of demonstrating the need for problem-appropriate
diagram instruction.

Like in previous studies, we expected resulting changes to
be irreversible, and thus to maintain in post-instruction test
phases. But we also expected the effects to be problem type-
specific, with limited or no transfer across the problem types. Our
results confirmed these expectations. In fact, the multiple baseline
design has proven crucial in demonstrating not only the problem
type-specific effects of the instructions, but also the co-occurrence
of pertinent changes in behaviour, performance, and perception
(increases in appropriate diagram use and correct answer rates,
along with decreases in cognitive load). Therefore, from a research
design perspective, we have been able to demonstrate a useful
variation of the multiple baseline design that may have potential
further applications in classroom educational research.

Practical implications

The results of the present study indicate that teachers need to
explicitly provide instruction on diagram use if their students are
to use them effectively in mathematical word problem solving.
Many students will not likely construct a diagram if they lack
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adequate knowledge and skills: it may seem too demanding, and
any effort in constructing a diagram may not pay off. Necessary
problem-appropriate diagram instruction largely depends on
teachers possessing the corresponding knowledge and skills.
However, some teachers may be proficient in using diagrams in
mathematical word problem solving, but may not have considered
how to articulate such knowledge to convey it effectively to their
students. It is therefore important to incorporate training in this
area both for pre-service teachers in mathematics education, as
well as for in-service teachers who may need upskilling through
professional development courses.

Limitations and directions for future
research

In the present study, we tested our hypotheses on the use of
only three kinds of diagrams to solve three kinds of
mathematical word problems. This is an important limitation to
note as there are other kinds of diagrams that can be used to
solve other types of problems, and it would be imperative to
examine those in future research. Furthermore, our student
participants all came from the same grade level in one school.
We acknowledge that student capabilities in both mathematical
word problem solving and diagram use would vary according
to their age and grade level, as well as other aspects of their
educational experiences. Thus it would also be useful to evaluate
the effectiveness of problem-appropriate instruction on diagram
use on students at other grade levels and from different
educational backgrounds.

The instructions were also provided by the first author and an
assisting teacher rather than the students’ real classroom teachers.
An important step to take in future research would be to develop
and evaluate instruction that real classroom teachers could use in
cultivating diagram use capabilities in their own students.

Conclusion

The results of this study indicate that instruction on diagram
use enables the construction and use of appropriate diagrams,
improves ability to correctly solve problems, and reduces
perception of the cognitive load associated with mathematical
word problem solving. The instruction needs to be problem-
appropriate, meaning that students need to learn specific details
about the construction and use of different kinds of diagrams
relevant to solving specific types of problems. As mathematical
word problem solving is one crucial means by which
understanding of the relevance of mathematics in the real world
is cultivated, and diagram use is arguably one of the most effective
heuristics for solving them, the effect of instruction indicated by
our findings warrants serious consideration - especially as the
extent to which such instruction is currently provided in most
classrooms may be too general and thus inadequate.
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Centre of Education Leadership and Policy, Universiti Kebangsaan Malaysia (UKM), Bangi, Malaysia

Grasha—Riechmann Teaching Styles have a high potential to be applied in
Mathematics especially to help increase teacher educators’ knowledge.
However, very little attention has been paid to the study of identifying the
teaching style patterns of Mathematics teachers at the primary school
National-Type Chinese Primary Schools or Sekolah Jenis Kebangsaan Cina
SJKC. There is increasing concern about how this teaching style related to
the teaching experience. This study aims to identify the patterns of Grasha—
Riechmann Teaching Styles among primary school Mathematics teachers and
the relationship between Grasha—Riechmann Teaching Styles with teaching
experience. The quantitative approach through a survey was applied to 97
Mathematics teachers of SIKC Kepong, Kuala Lumpur using the simple random
sampling method. The instrument was adapted from the Grasha—Riechmann
Teaching Styles Questionnaire (1996), which measures five teaching styles
such as Personal Model Teaching Style, Expert Teaching Style, Formal Authority
Teaching Style, Delegator Teaching Style, and Facilitator Teaching Style. The
patterns showed that the Personal Model Teaching Style is the most dominant,
and the Facilitator Teaching as the least dominant style. The Spearman’s
Rho Correlation also reported a very weak significant correlation between
Grasha—Riechmann Teaching Styles with the teachers’ Mathematics teaching
experience, specifically for Expert, Formal Authority, and Facilitator Teaching
Styles. The study provides practical implications for educators’ professional
development to diversify the training of teachers by experience and adapt
them to the needs of student learning in primary school. These findings trigger
ideas to get a better understanding by other demographic variables such as
gender, age, and complexity of Mathematics subject.

KEYWORDS

Grasha—Riechmann, teaching style, teaching experience, mathematics, teacher,
relationship, National-Type Chinese Primary Schools
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Introduction

Statistics of student enrolment in Science, Technology,
Engineering, and Mathematics (STEM) in Malaysia reported an
increasingly alarming downward pattern. Salhani (2019) found a
decline in student involvement in STEM fields from a 49%
increase in 2012 to a 44% drop in 2018. This scenario clearly
shows a decline in the involvement of nearly 6,000 students a year
in STEM fields. This indirectly contributes to the significant
difference in student involvement with only 334,742 students in
STEM fields in higher learning institutions compared to 570,858
students in non-STEM fields (Wan Faizal, 2019). The phenomenon
of student decline in STEM fields is not in line with the target of
the Malaysia Education Development Plan 2013-2025 to attract
the interest and awareness of the community in STEM fields in the
second wave of PPPM in 2016-2020. Although many initiatives
have been undertaken by the ministry to increase the interest of
students and the community in STEM fields, the pattern of
decline remains.

Therefore, the role of Mathematics teachers in primary
schools is very important in inculcating and nurturing students’
interest in STEM fields since the early schooling stage.
Ainonmadiah et al. (2016) explained that teachers and students
have close interpersonal relationships, where the teaching styles
of teachers in the classroom are a component or element that
ensures a sense of learning among students. In addition, the
methods and practices of learning and facilitation (PdPc) are said
to have a direct impact on students’ perceptions and concerns in
mastering Science and Mathematics (Anis Humaira et al., 2019).
This shows that the role of teachers in the presentation of PdPc to
some extent influences students’ decisions and interests in the
field of Mathematics.

Teacher quality gives the highest contribution to the success
of a student. Based on a study by Nur Farhah and Fatimah Wati
(2018), what students obtain is not dependent on the school
attended but on the teachers at the school. Creative and
innovative teaching practices can attract students (Rumainah and
Faridah, 2017). Grasha (1996) also stated that the teaching styles
of teachers are crucial for creating an ideal learning climate in the
classroom. A good teaching style pattern among Mathematics
teachers in primary schools is important so that the presentation
of PdPc by the teachers can provide a positive perception and
influence among students on the field of Mathematics. The
literature also found a lack of research on the patterns of Grasha-
Riechmann Teaching Styles among Mathematics teachers at the
primary school level, particularly for National-Type Chinese
Schools  (SJKC)
national schools.

Meanwhile, Normiati and Abdul (2019) opined that the
teaching strategy of senior teachers is more traditional whereby

Primary compared to mainstream

the teaching experience factor that is honed by the interaction of
the teachers’ work environment promises maturity and expertise,
especially in the development of effective teaching. The analysis
also found that teachers with 6 to 10 years of teaching experience
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complied with each instruction and implemented teaching in
accordance with the guidelines of the education system.
Meanwhile, the group of teachers with low experience, specifically
1 to 5 years of teaching experience, scarcely implemented such
teaching and was not proficient in carrying out the teaching
concept of 21st Century Learning (PAK21). Dewaele et al. (2018)
also proved that teaching experience has a statistically significant
influence on the creativity, classroom management, and
pedagogical skills of teachers. More experienced teachers in the
profession are also more creative in the classroom, are better at
managing classroom  activities, and report stronger
pedagogical skills.

Nevertheless, there is a lack of empirical evidence on the
link between teaching experience and the Grasha-Riechmann
Teaching Styles among primary school Mathematics teachers,
which has not been widely tested in the Malaysian educational
context specifically for National-Type Chinese Primary
Schools (SJKC). Most of the studies only explained in depth
on teaching experiences that are just emphasizing on the
certain group of teachers. However, it was very limited
discussion on Mathematics primary school teacher. The
lacking information will affect the effort on matching the
teacher training quality with the teaching style in Chinese
schools. In this case, the preference of teaching style by
experience will help teachers to adapt creatively their teaching
skill in Mathematics.

Accordingly, this study was conducted to investigate the
relationship between Grasha-Riechmann Teaching Styles and the
teachers’ Mathematics teaching experience.

Therefore, this study has two objectives:

1. Determine the patterns of Grasha-Riechmann Teaching
Styles practiced by primary school Mathematics teachers.

2. Determine whether there is a significant relationship between
Grasha-Riechmann Teaching Styles of Mathematics teachers
with their Mathematics teaching experience.

Hence, the following hypotheses are constructed:

Hol: There is no significant relationship between the
overall Grasha-Riechmann Teaching Styles of Mathematics
teachers with their Mathematics teaching experience.

Ho2: There is no significant relationship between the
Expert Teaching Style of Mathematics teachers with their
Mathematics teaching experience.

Ho3: There is no significant relationship between the
Formal Authority Teaching Style of Mathematics teachers
with their Mathematics teaching experience.

Ho4: There is no significant relationship between the
Personal Model Teaching Style of Mathematics teachers with

their Mathematics teaching experience.
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Hob5: There is no significant relationship between the
Facilitator Teaching Style of Mathematics teachers with their
Mathematics teaching experience.

Ho6: There is no significant relationship between the
Delegator Teaching Style of Mathematics teachers with their

Mathematics teaching experience.

Literature review
Teaching styles

Mazaheri and Ayatollahi (2019) defined teaching styles as
teachers’ preferred ways to solve problems, perform tasks, and
make decisions in the teaching process. Heydarnejad et al. (2017)
defined teaching style as teachers” personal qualities and attitudes
in teaching, which are reflected through the use of teaching
techniques, activities, and approaches in teaching specific subjects
in the classroom. In other words, the teaching style is a
combination of motivation, personality, attitude, belief, and
strategies in teaching (Karimnia and Mohammdi, 2019).
Therefore, the teaching styles of teachers represent their behavior
while teaching in the classroom and are one of the main
determining factors for the success of student learning (Baradaran,
2016; Rosalia, 2017).

The teaching styles outlined by Grasha (1996) refer to the
beliefs, behaviors, and needs of teachers that emerge in an
educational context. Grasha believed that a teacher’s teaching
style reflects the personal qualities of the teacher in terms of
how to teach, guide, and direct the teaching process, thus
impacting students and their ability to learn. In general, the
success or failure of students is associated with a teacher’s
teaching style, which is directly related to the teaching
methods used during teaching. Indirectly, the teaching style
turns into one of the components of a comprehensive transfer
of teaching content. The teaching style may also be influenced
by factors such as educational background, teaching
experience, cultural background, and individual personal
interests (Nouraey and Karimnia, 2016; Tavakoli and
Karimnia, 2017). These factors can be identified by observing
and studying teacher behavior.

Literature related to teaching styles displays various theories,
models, and categorization of teaching styles through the use of
different terminologies. For example, this includes the
categorization of teaching styles to a didactic direct style and a
student-centered indirect style (Flanders, 1970), Formal-Informal
(Bennett et al., 1976), Open-Traditional (Solomon and Kendall,
1979), Intellectual Excitement-Interpersonal Rapport (Lowman,
1995), and Expert, Formal Authority, Personal Model, Facilitator,
and Delegator Teaching Styles (Grasha, 1996) are among the few
terminologies used to better explain these constructs. In the
present study, only the Grasha-Riechmann Teaching Style model
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is discussed because it has potential in the context of
Mathematics teaching.

Grasha—Riechmann Teaching Styles
(1996)

Grasha (Heydarnejad et al.,, 2017) argued that teaching styles
involve constant teacher behavior in interaction with students
during the teaching-learning process. Grasha described teaching
styles as a criterion for personal qualities and behaviors that
govern the way teachers manage classes. Hence, it can be said that
teaching styles consist of all techniques, activities, and teaching
approaches used by a teacher in the teaching process. The five
dimensions of the Grasha-Riechmann Teaching Styles are Expert
Teaching Style, Formal Authority Teaching Style, Personal Model
Teaching Style, Facilitator Teaching Style, and Delegator Teaching
Style. The dimensions or attributes of the Grasha-Riechmann
Teaching Styles in terms of teacher roles, student characteristics,
and the aspect of the advantages and disadvantages of each
teaching style are explained in the following sub-sections.

Expert Teaching Style

Grasha (1996) argued that teachers with the Expert Teaching
Style have knowledge and expertise on what students want to
learn. The Expert Teaching Style makes teachers maintain their
status as experts among their students by displaying accurate and
comprehensive knowledge. In this regard, teachers with the Expert
Teaching Style encourage students to face challenging situations
to develop competencies in learning. As an expert, teachers also
play a role in conveying information and expecting students to
learn what they receive and take advantage of the information
presented. Teachers are also careful in communicating information
and will ensure that students are always ready.

In the Expert Teaching Style of Bergil and Ercevik (2019) can
be seen as an advantage where teachers have accurate and
comprehensive knowledge, skills, and information on the scope of
targets to be taught to students. This comprehensive consolidation
of knowledge, information, and skills can benefit experienced
students. However, it should be emphasized that excessive use of
Expert Teaching Styles may scare and curb the learning of students
who are inexperienced or do not have a basic knowledge of the
expected target topic. Furthermore, the presentation of knowledge
or information conveyed by the teachers may not be of interest
and motivation to the students at all. Additionally, the display of
teacher knowledge and skills may not always show students the
implicit thought process that produces an answer.

Formal Authority Teaching Style

Grasha (1996) reported that Formal Authority Teaching Style
requires teachers to have status or position among students. This
is because teachers are considered members of schools or faculties
who contribute to the teaching and learning process by providing
positive and negative feedback to the students. In this context, the

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1028145
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Sim and Mohd Matore

teachers create concrete learning situations by setting learning
objectives, rules, expectations, and principles of learning for
students. Accordingly, teachers with the Formal Authority
Teaching Style focus on preparing students with the necessary
thinking structure in learning. The teachers also care about the
correct, accepted, and standard way of doing things. Thus,
students can be motivated through quality, effective, and
meaningful learning methods.

The main advantages of the Formal Authority Teaching Style
are emphasized on teacher expectations, methods, and standard
ways to do things during the teaching and learning process.
However, the use of the Formal Authority Teaching Style can also
result in limited, permanent, and inflexible student engagement in
the learning process. Hence, a strong attachment to the Formal
Authority Teaching Style can contribute to rigid, standard, and
less flexible ways of managing students.

Personal Model Teaching Style

Grasha (1996) explained that Personal Model Teaching Style
refers to teachers who teach based on their own example. They will
directly guide and encourage students to emulate it. Teachers with
Personal Model Teaching Style set the prototypes for thinking and
behaving. In this regard, the teachers constantly supervise, guide,
and instruct students by showing them how to do things. In doing
s0, the teachers motivate students to observe, imitate, or reflect on
the methods and approaches provided by them. The need for
direct observation and imitation by students is the main strength
of the Personal Model Teaching Style (Bergil and Ercevik, 2019).
Teachers with Personal Model Teaching Style encourage students
to observe and then imitate the teachers’ approach that is
considered appropriate. However, some teachers may believe that
their approach is the best and this consequently makes some
students feel that they have low capacities if they cannot meet
those expectations and standards. As a result, the students will feel
less confident and demotivated in learning that exceeds
their ability.

Facilitator Teaching Style

Grasha (1996) stated that the Facilitator Teaching Style
emphasizes teacher and student interaction. Therefore, teachers
with this teaching style act as facilitators in the classroom. They
guide students by asking questions, exploring options, suggesting
alternatives, and encouraging students to make informed
decisions. The main goal of teaching is to nurture students who
are independent and have high self-efficacy, where teachers
encourage students to initiate and carry out their own
responsibilities in learning. The choices, questions, and
opportunities provided by the teachers serve as a guide and lead
the students in learning situations. In the Facilitator Teaching
Style, students can develop their own learning criteria. This style
also shows that teachers are more likely to guide students to carry
out project-based activities and provide optimal motivation to
students. In this regard, the teachers work with the students on
project assignments on a consultative basis by providing support

Frontiers in Psychology

83

10.3389/fpsyg.2022.1028145

and encouragement to the students. The main strength of the
Facilitator Teaching Style is that the personal flexibility given by
teachers is focused on the needs and objectives of student learning
(Bergil and Ercevik, 2019). This will enable students to explore
alternative options and methods of action. Nonetheless, the main
drawback of the Facilitator Teaching Style is that it is time-
consuming. Teachers and students may need more time, especially
in the implementation of practical activities or project
assignments. In addition, the Facilitator Teaching Style may also
become ineffective when a more direct approach is needed. In fact,
students may feel uncomfortable if this mechanism is not used
positively and in a motivational manner.

Delegator Teaching Style

Delegator Teaching Style refers to teachers who emphasize the
development of a students self-capacity. Students will
be encouraged to conduct self-learning such as projects and
teachers will act as a source of reference. The Delegator Teaching
Style aims to develop students’ competencies by giving them
autonomous characteristics. In this style, students are expected to
work on projects independently and function as members with
autonomous powers within their group. When the students need
help, they can refer to teachers as a source of information to meet
their needs (Grasha, 1996).

In the use of the Delegator Teaching Style, students consider
themselves independent, capable, and autonomous. As a result,
each student has the opportunity to become initiative and self-
reflect by evaluating himself or herself. Nevertheless, teachers are
sometimes confused about students’ willingness to take
responsibility and face the need for autonomy. The students
among youth also need to self-assess their ability to face adversity
in life (Mohd Effendi Ewan et al., 2021). This situation can
indirectly cause the students to feel worried and anxious in their
efforts to carry out the tasks given by the teachers. Therefore, as a
weakness, it should be borne in mind that students may not have
the desired ability to fulfill their autonomous obligations. Besides,
students may need rigorous supervision and intensive
encouragement to overcome a sense of anxiety and reform
themselves in learning norms.

Present study

Studies on the patterns of Grasha-Riechmann Teaching Styles
were found to be very limited both locally and internationally.
Over the most recent 5 years, fewer research reports were found
to identify the relationship of teaching experience with the
Grasha-Riechmann Teaching Styles among teachers. In fact,
international research on the Grasha-Riechmann Teaching Styles
of teachers is barely focusing on teaching experience but is more
likely to focus on teacher creativity and burnout (Ghanizadeh and
Jahedizadeh, 2016), teacher self-efficacy (Baleghizadeh and
Shakouri, 2017), student academic achievements (Khalid
et al,, 2017; Martin, 2019), student motivation (Massaada, 2016;
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Rosalia, 2017), as well as teachers’ behavior management and
instructional management (Kazemi and Soleimani, 2016).

In Malaysia, one study had conducted to identify the Grasha-
Riechmann Teaching Styles practiced among science lecturers of
pre-university colleges in Penang (Anis Humaira et al., 2019). The
findings found that the dominant teaching style of the Science
lecturers was the Expert Teaching Style, followed by the Personal
Model Teaching Style, Facilitator Teaching Style, and Delegator
Teaching Style. Meanwhile, the Formal Authority Teaching Style
was least practiced by lecturers. The Spearman’s Rho analysis
found that it has no significant relationship between teaching
styles and teaching experience (r=0.089) with professional
qualifications (r=0.193). Ainonmadiah et al. (2016) also reviewed
the relationship between Grasha-Riechmann Teaching Styles and
the level of skipping secondary school in Bachok District,
Kelantan. The findings showed that the most dominant category
of teaching style practiced by the teachers was the Personal Model
Teaching Style, followed by the Delegator Teaching Style,
Expert Teaching Style, Formal Authority Teaching Style, and
Facilitator Teaching Style. The analysis proved that there was a
significant relationship related to the teaching styles of teachers
based on the flow of subjects. However, Pearson’s Correlation Test
showed no significant link between teaching styles and the level
of skipping school (r=0.062).

Another study by Mazeni and Hasmadi (2017) has
identified the Grasha-Riechmann Teaching Styles practiced
by Kemas Kindergarten teachers in Kelantan. A total of 50
kindergarten teachers were selected through strata sampling.
The findings showed Delegator Teaching Style as the main
teaching style, Facilitator as the second teaching style, followed
by Personal Model, Expert Teaching Styles, and finally Formal
Authority Teaching Style. The mean score achievement proved
that the majority of the teachers used Delegator Teaching
Style, while the least used teaching style was the Formal
Authority Teaching Style. Teachers at Kemas Kindergarten
used the Delegator Teaching Style because they had no formal
educational background in early childhood education. In a
different study, Nur Liyana and Zakiah (2017) findings also
suggested that the Personal Model Teaching Style was
most dominant.

As for the global context, Alami and Ivaturi (2016) in Oman
reviewed a comparison of the Grasha-Riechmann Teaching Styles
used by English lecturers at the Salalah College of Technology
(SCT). The findings showed that the lecturers used different
Grasha-Riechmann Teaching Styles, where the Expert Teaching
Style was the dominant teaching style. It proved that the lecturers
preferred to act as experts by displaying knowledge, disseminating
information, and encouraging students to apply the information
provided to them. Furthermore, this study found that lecturers
with less than 5 years of teaching experience preferred to use the
Facilitator Teaching Styles compared to other teaching styles. The
Delegator Teaching Style was also used by lecturers with
5-10years of teaching experience. However, overall, the
Chi-Square Test proved no great connection between
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Grasha-Riechmann Teaching Styles and the teaching experience
of English lecturers.

In Iran, Mazaheri and Ayatollahi (2019) conducted a study to
explore the relationships among brain dominance, teaching
experience, and the Grasha-Riechmann Teaching Styles of
English teachers. This study involved 100 Iranian English teachers
who taught at Shiraz high school. The results showed significant
links among brain dominance, teaching experience, and the
Grasha-Riechmann Teaching Styles of teachers. The results of
Pearson’s correlation showed a significant moderate relationship
between teaching experience and the Grasha-Riechmann
Teaching Styles of teachers (r=0.324, p <0.05). It was also found
that the teaching experience can predict the teaching style of a
teacher with a beta value of 0.265. Meanwhile, in Turkey, Bergil
and Ercevik (2019) concluded that the Personal Model and
Facilitator Teaching Styles with 32.4% and 35.3%, respectively,
were the choices of the English teachers. On the other hand, the
Delegator and Expert Teaching Styles with 5.9% and 11.8%,
respectively, were less applied by the teachers.

Another study in Spain (Fernandez-Rivas and Espada-Mateos,
2019) has analyzed the use of Grasha-Riechmann Teaching Styles
among Physical Education teachers with reference to teaching
experience and age of the teachers. The study used a sample of 455
Physical Education teachers covering a wide range of age groups
and teaching experiences. The findings showed a significant
relationship between the use of Grasha-Riechmann Teaching
Styles among teachers and their teaching experience. The study
also showed that teachers who have worked between 1 and
20 years used Facilitator and Delegator Teaching Styles more often
than the teachers with more than 21 years of experience at school.
In addition, the results proved that younger and less experienced
teachers regularly used traditional teaching styles.

In addition, Martin (Martin, 2019) determined the dominant
teaching style and the relationship between the teachers” grade
levels and their teaching styles. Based on the findings of the study,
the Personal Model Teaching Style was the most dominant
teaching style among respondents. The Expert and Formal
Authority Teaching Styles were often used by Level Two primary
school teachers, while the Personal Model and Facilitator Teaching
Styles were applied by Level One primary school teachers.
Furthermore, the Facilitator and Personal Model Teaching Styles
were also seen to produce the highest academic achievement
in Mathematics.

In another study, Massaada (2016) analyzed the Grasha—
Riechmann Teaching Styles applied by English teachers and their
influence on student motivation at Majene State High School 2.
The results showed that English teachers in Majene State High
School 2 applied four teaching styles, namely Expert Style, Formal
Authority, Personal Model, and Facilitator. Meanwhile, the
dominant teaching styles in this study were Expert, Personal
Model, and Formal Authority Teaching Styles.

Rosalia (2017) conducted a study to identify the Grasha-
Riechmann Teaching Styles applied by English teachers as well
as the most influential teaching style toward the motivation of
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students at SMK Negeri 5 Makassar. The results showed that
English teachers at SMK Negeri 5 Makassar applied three
teaching styles, namely Expert Teaching Style, Formal Authority
Teaching Style, and Facilitator Teaching Style. The researchers
found that the most influential teaching style toward student
motivation was the Facilitator Teaching Style, which focuses on
teacher-student interaction. The results also showed that the
teachers tried to change their teaching style by applying
fun activities.

Previous research on Grasha—-Riechmann Teaching Styles has
also been conducted by Kazemi and Soleimani (2016). The
researchers randomly selected 103 English teachers working in
private language learning centers. The results showed that Iranian
English teachers followed the intervention class management
approach and most of them used the Formal Authority Teaching
Style. The Grasha-Riechmann Teaching Styles of teachers were
also found to correlate significantly with their behavior
management and instructor management.

Based on the study in Malaysia and worldwide, it can
be concluded that there were clear gaps in past studies on the
exploration of the Grasha-Riechmann teaching style patterns
among primary school Mathematics teachers to be filled on the
context of SJKC. Hence, this study is relevant to be carried out to
increase the empirical evidence of existing knowledge in the
teaching styles for Chinese-based type of school.

Materials and methods

The study used a survey with quantitative approach through
questionnaires. Questionnaires were given to obtain respondents’
feedback on the Grasha-Riechmann Teaching Styles among
primary school Mathematics teachers. In this study, the
independent variables include the teaching experience, while the
dependent variable is the Grasha-Riechmann Teaching Styles of
Mathematics teachers.

Samples

The population for this study involves Mathematics teachers
from National-Type Chinese Primary Schools (SJKC) Kepong 1,
Kepong 2, and Kepong 3 Sentul Zone, Kuala Lumpur. The total
population of Mathematics teachers from three primary schools
in Kepong is 130. Based on the sample calculation via Raosoft
version 3.1.9.4 statistical software, the alpha value was recorded at
0.05. The calculated results further estimated a minimum sample
size of 130 respondents; however, after considering a 50% possible
loss rate (respondents refusing to participate or withdrawing), the
recommended sample size for this study entails 97-98
respondents. In this study, random sampling was used easily for
selecting the respondents of the study as it involves the selection
of respondents with important knowledge or information that is
consistent with the purpose of the study (Donkor, 2019). In the
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context of this study, the selected teachers only involve
Mathematics teachers at the SJKC level in Kepong, Kuala Lumpur.

Instrumentation

The study used an instrument adapted from the Grasha-
Riechmann Teaching Styles Questionnaire (1996; Grasha, 1996).
Donkor (Donkor, 2019) explained that the use of questionnaires
is appropriate for obtaining data and information quickly,
especially when a large number of respondents is required. The
instrument outlines five constructs that comprise five different
types of teaching styles (Expert Teaching Style, Formal Authority
Teaching Style, Personal Model Teaching Style, Facilitator
Teaching Style, and Delegator Teaching Style). The instrument
with a seven-point Likert scale was modified to a five-point Likert
scale to avoid confusion and facilitate the interpretation or
preference of the respondents. In addition, the researchers
translated the questionnaire from English to Bahasa Malaysia
through a direct translation. The instrument has also undergone
face validity and content validity processes by experts in Pedagogy
and Mathematics. Besides, the reliability aspect of the instrument
was tested using Cronbach’s Alpha analysis to test for internal
consistency. Mailizar (2018) stated that internal consistency refers
to consistency in instruments. All the 40 items in instrument had
good internal consistency (Cronbach’s Alpha from 0.64 to 0.83)
and high reliability (coefficient from 0.65 to 0.86). The
respondents’ demographics such as gender and teaching
experience are included in the questionnaire. Overall, the
instrument comprises 40 items, specifically eight items in each
construct. The distribution of the items by construct is depicted in
Table 1.

The questionnaire consists of two sections, namely Section A
(teacher information) and Section B (Grasha-Riechmann
Teaching Styles of teachers). The score for each item is determined
by the respondents’ responses on a 5-point Likert scale:
1=Strongly Disagree; 2=Disagree; 3=Neither Agree nor
Disagree; 4=Agree; and 5=Strongly Agree. The questionnaire
used the Likert scale because this scale is easy to administer and
takes a while to receive feedback from the respondents (Seng
etal., 2016).

TABLE 1 Distribution of items by construct.

Teaching style Item number Number of items
Expert Teaching Style 1-8 8

Formal Authority 9-16 8

Teaching Style

Personal Model Teaching 17-24 8

Style

Facilitator Teaching Style 25-32 8

Delegator Teaching Style 33-40 8

Total 40
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Administration

For the administration of data collection, permission and
approval were officially obtained from the Department of
Education Office (JPP) Sentul Division, Kuala Lumpur.
Subsequently, a pilot study was carried out to test the validity
and reliability of each item in the questionnaire. A total of 35
Mathematics teachers from the SJKC in Keramat Zone, who
have the same profile characteristics as the actual respondents,
were selected as respondents in the pilot study. The Grasha-
Riechmann Teaching Styles Questionnaire was prepared in
Google Forms and the questionnaire link was given to the
mathematics teachers involved. On average, the pilot study
respondents completed the questionnaire within 10 to 15 min.
Through this pilot study, flaws and confusion found in the
questionnaire such as spelling errors, the ambiguity of the
meaning of statements, and fewer clear instructions were
improved based on the comments given. The respondents
indicated that the items presented in the questionnaire were
easy to understand and this proves that the face validity has
been met. Subsequently, content validity through experts and
the actual study were conducted.

Data analysis
Data preparation

The quantitative data were processed using IBM Statistical
Package for Social Science (SPSS) version 26.0 software.
Descriptive analysis and inference analysis were used to obtain the
results. Data analysis based on the research question is shown in
Table 2.

For the first objective, descriptive frequencies and mean
scores of the five constructs of Grasha-Riechmann Teaching
Styles were obtained and compared to identify the patterns of
the
respondents. For the second objectives, some considerations

Grasha-Riechmann Teaching Styles practiced by
were made prior to the use of parametric tests such as Pearson’s
Correlation. One of the main considerations is the normality of
data. In the context of this study, non-parametric tests such as
Spearman Rank were used because the Kolmogorov-Smirnov
Test showed that the data did not meet the normal distribution
requirement due to a significance level of p=0.000 (p <0.05).
Accordingly, the Spearman Rank Tests were selected as an
alternative to parametric testing.

The correlational strength was determined based on Chua’s
(Chua, 2021) interpretation. According to Chua (2021),
correlation coeflicient (r) refers to the measurement value of the
relationship between two variables and this r value ranges
between +1.00 and —1.00. Since perfect correlation is rare in
research, correlation coefficients are reported in two decimal
points. Table 3 shows the strength levels of correlation coefficient
values (r).
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TABLE 2 Research objectives and data analysis.

Research objective Data analysis

1. Determine the pattern of Grasha-Riechmann Frequency and descriptive
Teaching Styles practiced by primary school
Mathematics teachers.

2. Determine whether there is a significant Spearman rank

relationship between the Grasha-Riechmann

Teaching Styles of Mathematics teachers with

their Mathematics teaching experience.

TABLE 3 Strength level of correlation coefficient size.

Correlation coeflicient size (r) Correlation strength

Very strong
e 0.91to 1.00 or—0.91 to —1.00
e 0.71t00.90 or—0.71 or —0.90 Strong
e 0.51t00.70 or—0.51 to —0.70 Moderate
« 0.31to0 0.50 or—0.31 to —0.50 Weak
e 0.01 t0 0.30 or—0.01 to —0.30 Very weak

0.00 No correlation

Results

The profile of the respondents is shown in Table 4. The
number of female respondents is 42 (43.3%), while the number of
male respondents is 55 (56.7%). Most of the respondents were
21-30years old, which comprise 40 respondents with 41.2%.
Meanwhile, respondents aged 31-40years and 51-60years
constituted 23.8% and 20.6%, respectively, and those aged
41-50years only constituted 14 respondents with 14.4%. As for
the respondents’ Mathematics teaching experience, a total of 53
respondents (54.6%) had 1-10years of teaching experience in the
mathematics subjects. This is followed by 18 respondents (18.6%)
with 11-20years of teaching experience and 15 respondents
(15.5%) with 21-30years of Mathematics teaching experience.
Meanwhile, only 11 respondents (11.3%) had more than 31 years
of experience in teaching Mathematics subjects.

For the first objective, the scores of frequencies, mode, mean
average, and standard deviation for the five constructs of the
Grasha-Riechmann Teaching Styles of teachers were obtained and
compared to identify the patterns of the Grasha-Riechmann
Teaching Styles practiced by primary school Mathematics
teachers. The respondents’ responses to the five Grasha-
Riechmann Teaching Style constructs were explained separately.
Table 5 shows that the majority of respondents agreed and strongly
agreed with almost all items, alongside the mode value of 4
representing the scale of an agreement to all items, except Item 7
for the Expert Teaching Style construct. The item “I give students
negative feedback if the performance is unsatisfactory” recorded
a mode value of 2, which suggests that the majority of the
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TABLE 4 Demographic profile.

Demographic profile N %
Gender

Female 2 43.3
Male 55 56.7
Age

21-30years old 40 412
31-40years old 23 23.8
41-50years old 14 14.4
51-60 years old 20 20.6

Mathematics teaching experience

1-10years 53 54.6
11-20years 18 18.6
21-30years 15 15.5
31years and above 11 11.3
Total 97 100

respondents were not in agreement with this statement. The mean
scores also indicated that the dominant teaching style adopted by
the primary school Mathematics teachers is Personal Model
Teaching Style (Mean=4.12, Standard Deviation = 0.62), followed
by the Expert Teaching Style (Mean=3.87, Standard
Deviation=0.69), Formal Authority Teaching Style (Mean =3.86,
Standard Deviation =0.65), Delegator Teaching Style (Mean =3.79,
Standard Deviation=0.69), and finally the Facilitator Teaching
Style (Mean=3.77, Standard Deviation =0.76). This proves that
the mathematics teachers were more inclined to the Personal
Model Teaching Style than other teaching styles. However, these
teachers used the Facilitator Teaching Style the least.

To answer the second research question, Table 6 indicates that
Hou, Hoo Hos, Hou, Hos, and Hog have been rejected. The Spearman
Rank test showed a very weak and significant positive correlation
between the overall Grasha-Riechmann Teaching Styles and
Mathematics teaching experience [r,(95)=0.274, p=0.007]. This
also indicates the likelihood that the more teaching experience
that the teachers have in mathematics, the higher application of
Grasha-Riechmann Teaching Styles among them.

Looking at each construct of teaching style, interesting
findings that can be noted are the significant positive relationships
for the Expert Teaching Style [r, (95) =0.266, p=0.009], Formal
Authority Teaching Style [r; (95) =0.217, p=0.033], and Facilitator
Teaching Style [r, (95) =0.345, p=0.001]. The highest correlation
was recorded by the Facilitator Teaching Style, followed by the
Expert Teaching Style and the Formal Authority Teaching Style.
The two more hypotheses that failed to be rejected were the
Personal Model Teaching Style and the Delegator Teaching Style.
Thus, there was no relationship between the Grasha-Riechmann
Teaching Styles for both constructs and Mathematics teaching
experience, as reported in Table 6. Figure 1 shows the scatter plots
for the correlation between Mathematics teaching experience and
the Grasha-Riechmann Teaching Styles. Scattered data plots with
fit lines indicated poor relationships of the variables involved.
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Discussion

This study focuses on identifying the patterns of Grasha-
Riechmann Teaching Styles of primary school Mathematics
teachers and the relationship between Grasha-Riechmann
Teaching  Styles with  the teachers  Mathematics
teaching experience.

The findings for the first research objective have shown that
the Personal Model Teaching Style was most practiced by primary
school Mathematics teachers. On the other hand, the Facilitator
Teaching Style was practiced the least. Literature on the patterns
of the Grasha-Riechmann Teaching Styles among teachers is very
limited both locally and abroad. The findings are consistent with
past findings in which the Personal Model Teaching Style precedes
other teaching styles and is the top choice for educators (Abdull
Sukor et al., 2014; Ainonmadiah et al., 2016; Beers, 2016; Martin,
2019). Studies by Nur Liyana and Zakiah (2017) and Ghanizadeh
and Jahedizadeh (2016) also reported similar findings by which
the Personal Model Teaching Style is dominant compared to other
teaching styles. The contribution of this study is seen to reinforce
the findings on the Grasha-Riechmann Teaching Style patterns
practiced by primary school SJKC teachers in Malaysia.

The findings clearly demonstrated the trend of using the
Personal Model Teaching Style where the primary school
Mathematics teachers would teach based on their own examples,
such as setting a prototype for students to think and behave by
giving direct guidance and subsequently encouraging the students
to emulate them (Grasha, 1996). This style also encourages the
environment to be student-centered teaching and learning process
that involves an inquiry process in problem-solving questions that
can increase mathematics performance (Suik Fern and Mohd
Effendi Ewan, 2022). In addition, teachers with a high Personal
Model Teaching Style were found to be very concerned with the
students’ mastery of the lesson contents. They often demonstrated
how to master the contents of lessons, concepts, and principles
and relate them by giving examples based on their own
experiences. In the context of Mathematics, the teachers preferred
this teaching style as they can supervise, guide, direct, and
motivate students to make observations and subsequently emulate
the approach that the teachers have shown.

From a theoretical point of view, one of the logical
explanations for the trend of using Personal Model Teaching Style
among primary school Mathematics teachers in this study can
be explained through Bandura’s Social Learning Theory (Bandura,
1962), which explains that humans naturally learn through the
process of observation and imitation. This theory emphasizes the
need for direct observation and imitation by students in the use of
the Personal Model Teaching Style. In this study, the mathematics
subjects require individual attention and regular training to help
improve students’ academic achievements (Beers, 2016). Due to
the conceptualized nature of Mathematics, primary school
students who are in the early stages of learning are encouraged to
observe and refer to the work steps or procedures shown by the
teachers. The information they obtained is gradually stored in
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TABLE 5 Frequency and descriptive analysis for Grasha—Riechmann Teaching Styles.

Item Strongly Disagree Neither agree Agree Strongly agree Mode Mean SD
code disagree nor disagree
f % f % f % f % f %

Expert S1 0 0 6 62 3 3.1 51 526 37 381 4 3.87 0.69
Teaching s2 0 0 3 3.1 32 33 46 47.4 16 16.5 4
Style S3 0 0 0 0 12 124 67 69.1 18 18.6 4
S4 0 0 6 62 5 52 72 724 14 144 4
S5 0 0 1 1 16 16.5 76 784 4 41 4
S6 0 0 0 0 9 9.3 55 567 33 340 4
7 12 12.4 35 36.1 23 23.7 18 18.6 9 9.3 2
S8 0 0 0 0 7 7.2 77 794 13 13.4 4

Formal M1 0 0 6 6.2 16 16.5 65 67 10 103 4 3.86 0.65
Authority M2 0 0 0 0 9 9.3 74 76.3 14 144 4
Teaching M3 0 0 0 0 17 175 70 72.2 10 103 4
Style M4 0 0 3 3.1 15 155 71 73.2 8 8.2 4
M5 0 0 1 1.0 7 7.2 79 814 10 103 4
M6 0 0 6 6.2 13 13.4 65 670 13 13.4 4
M7 6 6.2 7 7.2 16 16.5 55 567 13 13.4 4
M8 0 0 1 1.0 37 38.1 47 485 12 124 4

Personal S1 0 0 8 8.2 24 24.7 45 464 20 206 4 412 0.62
Model S2 0 0 1 1.0 10 103 59 60.8 27 278 4
Teaching S3 0 0 0 0 6 6.2 65 67.0 26 268 4
Style S4 0 0 0 0 7 7.2 54 557 36 371 4
S5 0 0 10 10.3 15 15.5 54 55.7 18 18.6 4
S6 0 0 0 0 1 1.0 74 763 22 227 4
7 0 0 0 0 4 4.1 64 660 29 299 4
S8 0 0 0 0 3 3.1 73 753 21 216 4

Facilitator M1 6 62 11 113 19 19.6 42 433 19 19.6 4 3.77 0.76
Teaching M2 6 6.2 0 0 11 113 73 75.3 7 7.2 4
Style M3 0 0 0 0 19 19.6 69 71.1 9 9.3 4
M4 0 0 7 7.2 9 9.3 71 73.2 10 103 4
M5 0 0 14 14.4 7 7.2 71 73.2 5 5.2 4
M6 0 0 31 32,0 13 134 43 443 10 103 4
M7 0 0 1 1.0 18 18.6 71 73.2 7 7.2 4
M8 0 0 0 0 11 113 65 670 21 216 4

Delegator S1 0 0 6 62 31 32,0 47 48.5 13 13.4 4 3.79 0.67
Teaching s2 0 0 18 18.6 19 19.6 53 54.6 7 7.2 4
Style S3 0 0 7 7.2 36 37.1 48 49.5 6 62 4
S4 0 0 2 21 37 38.1 51 52.6 7 7.2 4
S5 0 0 0 0 19 19.6 59 608 19 19.6 4
S6 0 0 0 0 22 22.7 59 60.8 16 16.5 4
7 0 0 0 0 17 17.5 59 60.8 21 216 4
S8 0 0 1 1.0 16 16.5 69 71.1 11 113 4

memory and released when they responded to the mathematical
questions given to them.

Preliminary research on Grasha (1994) also found that the
Personal Model Teaching Style was used dominantly by all
instructors at all levels of academic education, be it professors,
associate professors, tutors, or teachers. Besides, the Personal
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Model Teaching Style was found to have been dominantly used in
teaching courses at all higher education levels compared to other
teaching styles. This clearly shows that teachers tend to use the
Personal Model Teaching Style characterized by a hands-on
approach and encourage students to observe and replicate it
(Abdull Sukor et al., 2014; Martin, 2019). In short, the Personal
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TABLE 6 Spearman’s rho correlation for Grasha—Riechmann Teaching
Styles.

Grasha-Riechmann Mathematics teaching Decision

teaching style experience
Correlation Sig.
coefficient  (2-tailed)
Overall 0.274%* 0.007%#* H, rejected
Expert Teaching Style 0.266%* 0.009%** H, rejected
Formal Authority Teaching Style ~ 0.217* 0.033%* H; rejected
Personal Model Teaching Style 0.062 0.548 H, failed to
reject
Facilitator Teaching Style 0.345%%* 0.001%%* H; rejected
Delegator Teaching Style 0.192 0.060 H failed to
reject

#*Correlation is significant at the 0.01 level (2-tailed).

Model Teaching Style emphasizes teaching through observation
and guidance where the teacher serves as a real model in
controlled learning activities.

More interestingly, the frequent use of Personal Model
Teaching Style among Mathematics teachers is also likely due to
the potential of this teaching style toward the academic growth of
students in Mathematics. Generally, the teaching style of teachers
has a great impact on the motivation and achievement of students
in a particular subject (Heydarnejad et al., 2017). To explain the
relationship between Grasha-Riechmann Teaching Styles and the
academic growth of students in Mathematics, Martin (2019)
conducted a comprehensive quantitative correlation study on
students’ academic achievements in 37 U.S. international schools.
This study also showed that the Personal Model Teaching Style
produced the highest growth in academic achievement in
Mathematics. Meanwhile, in Malaysia, Abdull Sukor et al. (2014)
conducted a study to identify the relationship between the
teaching styles of lecturers and university students’ academic
involvement. The study found that most students were more likely
to engage in learning when the lecturers used the Personal Model
Teaching Style to deliver their teaching.

The findings also showed the Facilitator Teaching Style as the
least dominant teaching style among respondents. The findings
are in line with Ainonmadiah et al. (2016) findings on teachers
from five schools in Bachok District, Kelantan. The findings of this
study can be explained through Piaget's Theory of Cognitive
Development (Piaget, 1936), which classifies the cognitive
development of children at the age of seven to 12 years old as a
level of concrete operation marked by the use of clear and logical
rules. Children of this age are seen applying logical thinking over
concrete objects, but neither in the abstract nor hypotheses.
Hence, the children’s way of thinking is still limited as the focus is
more on concrete objects and can only solve problems encountered
directly (Astuti, 2018).

Therefore, the limited cognitive development of children at
the primary school level has limited the use of the Facilitator
Teaching Style that emphasizes students’ self-learning through the
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implementation of practical activities or project assignments. This
is because children at this stage are less capable of solving
hypothetical problems and abstract tasks (Lutz et al., 2018). If the
Facilitator Teaching Style is applied by teachers regardless of the
needs of the students’ level of learning, especially in primary
schools, then it is very likely that this will result in the negative
view of students of Mathematics due to the “Mathematical stress”
factor experienced. Furthermore, the implementation of the
teaching process to the physically and mentally unprepared group
of students may also cause difficulties and waste of time. Hence,
these factors are likely to contribute to the infrequent use of
Facilitator Teaching Style among primary school Mathematics
teachers. However, this explanation requires further research to
be done in the future in order to empirically make
stronger confirmation.

The current study also showed the implicit finding that
primary school Mathematics teachers are more likely to apply
teacher-centered teaching orientation (Personal Model
Teaching Style, Expert Teaching Style, and Formal Authority
Teaching Style) compared to student-centered teaching
orientation (Delegator Teaching Style and Facilitator Teaching
Style). However, this scenario is inconsistent with the demands
of 21st Century Learning (PAK21) where both teacher-centered
and student-centered teaching orientations should be balanced
to achieve maximum student learning outcomes. The previous
study also shows that the level of readiness of trainee teachers
is high in terms of interest, knowledge, and skills in integrating
PAK-21 in teaching and learning mathematics (Mazlini
et al,, 2021).

In a teacher-centered classroom, students become passive
without having control over self-learning. In this context, teachers
make all decisions regarding the curriculum, teaching methods,
and assessments, thus hindering the development of student
competencies and learning achievements (Dole et al., 2016; Goff,
2016; Lak et al., 2017). On the other hand, in a student-centered
classroom, students are given more attention and responsibility
for self-learning (Upadhya and Lynch, 2019). Student-centered
strategies include techniques such as active learning, problem-
solving through critical and creative thinking, role play, and group
learning such as cooperative learning. Through this teaching
orientation, students are given the opportunity to build deep
knowledge and understanding of the learning contents, thus
inculcating a positive attitude in the learning process (Alam,
2016). Hence, it is evident that student-centered teaching styles
should not be ignored but require serious attention and the
proactive steps of teachers to balance them with student learning,
especially in today’s era of rapid and challenging development of
educational transformation.

The findings for the second research objective showed a very
weak and significant positive correlation between the Grasha-
Riechmann Teaching Styles of Mathematics teachers with their
Mathematics experience teaching. These findings confirm the
relationship between the two variables presented in the conceptual
framework of the study.
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FIGURE 1
Scatter plots for the correlation between Mathematics teaching experience and Grasha—Riechmann teaching styles.
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Based on the context of the five constructs of the Grasha-
Riechmann Teaching Styles, the findings showed significant
relationships among the Expert Teaching Style, Formal Authority
Teaching Style, and Facilitator Teaching Style of teachers with
their Mathematics teaching experience. However, there was no
significant relationship involving the Personal Model Teaching
Style and Delegator Teaching Style with the teachers’ Mathematics
The
interpretation that the Grasha-Riechmann Teaching Styles of

teaching experience. findings directly provide an
Mathematics teachers have a significant relationship with their
Mathematics teaching experience, specifically for the Expert
Teaching Style, Formal Authority Teaching Style, and Facilitator
Teaching Style.

The findings of this study are consistent with past studies that
examined the relationship between the Grasha-Riechmann
Teaching Styles of teachers and their teaching experience. More
interestingly, the context of this study that involves Mathematics
teachers has similar results to past studies involving teachers in
different courses, which have shown a significant relationship
between the Grasha-Riechmann Teaching Styles of English
teachers in public and private sectors in Iran with their teaching
experience (Piaget, 1936; Hosseini Fatemi and Raoufi, 2014;
Mazaheri and Ayatollahi, 2019). In different courses, a study by
Kothari and Pingle (2015) on administrative instructors from
various schools throughout India as well as a study by Sabado and
Allan (2019) on Technical Vocational Education (TVE) teachers
in the Philippines also found similar findings to the current study,
in which the Grasha-Riechmann Teaching Styles of teachers had
a significant relationship with their teaching experience. This
proves that the Grasha-Riechmann Teaching Styles do not only
have a significant relationship with the teaching experience of
Mathematics teachers but also those specializing in other areas.

Theoretically, teachers’ teaching experience indeed had a
statistically significant influence on the creativity, classroom
management, and pedagogical skills of the teachers (Dewacle
etal,, 2018). More experienced teachers in the profession are more
creative in the classroom, more skilled at managing classroom
activities, and have stronger pedagogical skills. Hosseini Fatemi
and Raoufi (2014) confirmed significant differences in the
teaching styles between less experienced teachers (1-10years of
teaching experience) and more experienced teachers (over
15years of teaching experience), where more experienced teachers
had higher mean scores through the application of the Expert
Teaching Style, Formal Authority Teaching Style, and Facilitator
Teaching Style. More experienced teachers were also found to have
a higher level of knowledge, expertise, and mastery of course
materials in order to be able to act as experts who display
comprehensive knowledge and deliver information effectively
(Sabado and Allan, 2019).

In other words, more experienced teachers have accurate and
comprehensive knowledge, skills, and information on the target
scope to be taught to students, in line with the requirements to
apply the Expert Teaching Style. Hence, this phenomenon is seen
as a contributor that may lead to a significant positive correlation
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between the teaching styles of Mathematics teachers and their
Mathematics teaching experience.

Based on a study by Bruno et al. (2019) that used
administrative data for 10 years in Los Angeles, teachers with low
teaching experience tended to face problems, especially in the
aspect of teacher pedagogical skills. Compared to experienced
teachers, inexperienced teachers faced difficulties in classroom
management and in controlling student behavior during the
Learning and Facilitation (PdPc) process. On the other hand,
experienced teachers were more likely to engage in standard
classroom management efforts and were able to create concrete
learning situations by setting learning objectives for students
(Faruji, 2012). Besides, more experienced teachers were also more
concerned with accepted, accurate, and standardized ways of
doing things as prioritized in the Formal Authority Teaching Style.

Past research has also shown that experienced teachers have a
better understanding of student needs and are able to explore
options to meet these needs of students (Sabado and Allan, 2019).
Evidently, a deep understanding of the various needs of students
helps experienced teachers build close interpersonal relationships
with students (Rahimi and Asadollahi, 2021). Indirectly,
experienced teachers can interact well with their students as well
as guide and direct the students by asking questions, exploring
options, and suggesting alternatives, in line with the characteristics
of the Facilitator Teaching Style outlined by Grasha (2002).
Accordingly, experienced teachers can become good facilitators
compared to inexperienced teachers.

This could explain the findings in the context of this study,
which illustrates a significant positive correlation relationship
between the Facilitator Teaching Style of Mathematics teachers
and their Mathematics teaching experience. However, a gap exists
when the relationship between teachers’ teaching experience and
the Grasha-Riechmann Teaching Styles of primary school
Mathematics teachers has not been widely tested, regardless of the
Malaysian educational context or abroad. Therefore, the findings
require further studies in the future for a more robust confirmation
through empirical evidence.

Implication

The findings of this study provide theoretical implications by
strengthening and expanding the concept of the Grasha-
Riechmann Teaching Styles by proving Personal Model Teaching
Style as the dominant teaching style compared to other teaching
styles in the context of primary school Mathematics teachers,
which is in line with Grasha (1996) initial study. In addition,
implications for the body of knowledge also exist through new
findings in terms of the differences in Grasha-Riechmann
Teaching Styles based on gender as well as the relationship
between teaching styles and teaching experience in the context of
primary school Mathematics teachers. The added value is clearly
obtained through a specific analysis of each Grasha-Riechmann
Teaching Style. These findings have indirectly added value to
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existing knowledge and a deeper understanding of the Grasha-
Riechmann Teaching Styles practiced by teachers.

Practical implications also exist as the findings of this study
provide early information to educators in diversifying teaching
styles and improving the learning needs of different students in the
classroom. In facing the challenges of Industrial Revolution 4.0, the
rapid transformation of education has demanded teacher initiation
in transforming the traditional teacher-centric teaching method
into a more student-centric teaching approach. In student-centered
teaching orientation, students are given more attention and
responsibility for self-learning. The main responsibility of a teacher
is to build and maintain a conducive learning environment where
students are encouraged to build their own knowledge while the
teacher acts as a facilitator and guide. In this regard, teachers are
encouraged to adopt student-centered strategies that include
techniques such as active learning, problem-solving by engaging in
critical and creative thinking, role play, and group or cooperative
learning. Indirectly, students are able to build meaningful
relationships among existing knowledge, new knowledge, and the
processes involved in learning, which are in line with the demands
of 21st Century Learning (PAK21).

Likewise, implications exist in the pedagogical practices of
different teachers. In the context of this study, the Ministry of
Education can enhance the pedagogical skills of novice teachers
by formulating a more comprehensive, appropriate, and practical
strategy to improve professionalism among teachers in Malaysia.
Seminars on knowledge, skills, and professional practices such as
Content and Methods of Pedagogical Subjects, Creativity, and
Pedagogical Innovation as well as Instructional Leadership
courses can be implemented to improve the quality of teaching
styles among teachers.

Conclusion

This study has revealed that primary school Mathematics
teachers preferred the Personal Model Teaching Style, whereas the
Facilitator Teaching Style was less popular among primary school
Mathematics teachers. The findings also showed a very weak and
significant positive correlation between Grasha-Riechmann
Teaching Styles and teaching experience, which encompass the
Expert Teaching Style, Formal Authority Teaching Style, and
Facilitator Teaching Style. Besides, based on the results of this
study, some things need to be taken seriously because the current
study only covers a factor as the independent variable, namely
teaching experience, which fall into the demographic category.
However, past studies have highlighted that the Grasha-
Riechmann Teaching Styles of teachers are not influenced by one
aspect or factor alone. Therefore, more in-depth studies are
needed because there is a possibility of other influential factors
that have yet to be explored.

In this regard, further studies can be developed by
examining other demographic factors such as school type, age,
subject flow, professional qualifications, and socioeconomic
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status of teachers. The Grasha-Riechmann Teaching Styles can
also be attributed to other factors such as emotion, self-
efficacy, personality traits, creativity, attitudes, thinking style,
and autonomy of teachers as well as student-related factors
such as the level of reasoning, learning style, academic
involvement, student interest or motivation, and the number
of students in the classroom. Besides, the study also has
delimitations that can be improved in the future. As the
respondents in this study only involve Mathematics teachers
from SJKC Kepong 1, Kepong 2, and Kepong 3 Sentul Zone,
Kuala Lumpur. For future research, it was suggested to use a
larger sample involving more types of schools. It may also
consider a comparison between rural and urban schools as
well as between regular and high-performance schools to look
at the differences in Grasha-Riechmann Teaching Styles. A
wider and larger population can provide a more comprehensive
and detailed picture of the Grasha-Riechmann Teaching Styles
of teachers. This study is also limited to primary school
Mathematics teachers only; hence, future studies on the
Grasha-Riechmann Teaching Styles should involve various
subjects and other levels of study. In terms of methodology,
the data were based on questionnaires only; thus, it is better
to combine both qualitative and quantitative methods to
obtain more comprehensive and meaningful findings to
improve the teaching styles of teachers.
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Autonomous learning capacity is a key competency that supports teachers’
professional development. In this study, a stratified sampling method was used
to recruit 396 junior and senior high school mathematics teachers in T city, one
of the provincial city in China. A questionnaire with high reliability and validity
developed prior to the study by the researchers was employed to measure
their autonomous learning capacity and differences across groups. Twelve
teachers were then selected for interviews. The results showed satisfactory
overall performance. By subdimension, teachers’ performance was the best in
the development of study plans, followed by evaluation of learning outcomes,
while they needed improvement in learning habit formation and proficiency
in using learning methods. Furthermore, the analysis of differences across
groups indicated that for autonomous learning capacity, female teachers
were significantly better than their male peers; junior high school teachers
were better compared to those in senior high school; teachers aged 41-50
underperformed those aged 51 and above; teachers who work in rural areas
and townships did not perform worse than urban teachers; and those with
doctoral degrees did not demonstrate considerable advantage over others.
There were no significant differences in the overall autonomous learning
capacity across years of teaching and job title groups. However, in the
subdimensions, those with 21-30years of teaching experience had lower
proficiency in using learning methods and evaluation of learning outcomes,
and teachers with senior titles did not demonstrate expected advantages in
learning habit formation.

KEYWORDS

mathematics teachers, Chinese teachers, autonomous learning, autonomous
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Introduction

With the demand for highly qualified talent being stronger than
ever before, people have become more dependent on learning for
personal development. Some believe that “learning” can
be autonomous. According to Holec (1979), autonomous learners
are those who take responsibility for various decisions throughout
the learning process. Individuals cannot learn and develop without
external intervention and guidance, including the education
provided by teachers. In assessing the professional competencies of
teachers, autonomous learning capacity is one of the key indicators
(Kang et al, 2021). As learners, teachers need to regard the
development of autonomous learning capacity as a lifelong,
continuous, and dynamic process (Smith, 2003), forming a mutually
reinforcing positive cycle with lifelong learning (Yurdakul, 2017).

Such capacity is important because of two reasons. For students’
learning outcomes, the autonomous learning of teachers contributes
to their professional development (Olivier and Wittmann, 2019), and
a high level of professional competency is associated with quality
teaching (Harris and Sass, 2011; Creemers et al., 2012), which is a
predictor of students’ academic achievements (e.g., Sanders et al.,
1997; Kunter et al,, 2013; Kyriakides et al., 2013). For teachers’ career
prospects, autonomous learning capacity and teaching practices are
mutually reinforcing. In other words, autonomous learning capacity
is both the enabler for and outcome of successful teaching practices.
For example, teachers who teach effectively tend to have a higher
level of self-efficacy (Holzberger et al., 2013), which motivates them
to strive for further professional development and self-improvement
(Posnanski, 2002). Meanwhile, quality teaching is often associated
with teachers’ characteristics such as personality and educational
background (Bowles et al., 2014). Moreover, Certo and Fox (2002)
argued that teacher autonomy has a positive impact on perceptions
of and attitudes toward teaching. Autonomous teachers are more
dedicated to their jobs.

However, studies on mathematics teachers autonomous
learning capacity, especially on secondary school mathematics
teachers, have not been given adequate attention. To a certain
extent, assessing teachers’ competencies is also needed to answer
the question of why Chinese students can excel consistently in
international mathematics tests, such as the Program for
International Student Assessment. Research efforts on Chinese
mathematics teachers can initiate strategies to improve teacher
competencies. Therefore, this study focused on the autonomous
learning capacity of secondary school mathematics teachers in
China to assess their competencies and analyze their differences
by teacher group.

Literature review
Teachers’ autonomous learning capacity
Initiative is a key characteristic of autonomous learning

(Stockdale and Brockett, 2011). Autonomous learning is the ability
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to take control of learning (Holec, 1979). Autonomous learners
need to proactively evaluate their learning needs, set learning
goals, select and implement appropriate learning strategies by
leveraging humanistic and material learning resources, and assess
learning outcomes with external assistance or under self-
motivation (Loeng, 2020). Commenting on learning autonomy;,
Mynard and Sorflaten (2006) stated that autonomous learners are
often confident. They know their strengths and weaknesses,
autonomously make learning decisions, pace learning according
to actual situations, plan and set their goals, and assess their
learning process and progress. Similarly, Oxford (2003) indicated
that autonomous learners are highly motivated and self-efficacious
and these internal and external motivations can play an active role
in helping them achieve better learning outcomes.

For teachers as autonomous learners, in addition to the general
characteristics, there are some teacher-specific attributes. First,
teachers’ autonomous learning capacity is based on experiences,
implying that autonomous learning teachers are proactive,
autonomous, and self-directed. Their learning is practice- and
problem-oriented and aims at maintaining self-esteem and satisfying
needs. In the process of autonomously choosing and integrating new
and old knowledge, these teachers fully demonstrate their values
(Goodlad, 1990). Moreover, autonomy is a necessary condition for
teachers to be creative (Anderson, 2002). Second, teachers
autonomous learning capacity is derived from addressing questions,
suggesting that autonomous learning teachers are reflective and
creative. From this perspective, Billett (2002) proposed that teacher
learning is a process by which teachers develop skills and acquire
knowledge and expertise through reflection and action and that self-
regulation of a reflective nature contributes to the development of
their autonomy (Papamitsiou and Economides, 2019). Finally,
teachers’ autonomous learning capacity is a part of their daily
professional competencies. For example, Kelly (2006) defined
teacher learning as the process by which teachers aim to gain
expertise and that the process of autonomous learning continues to
stimulate lifelong learning (Yurdakul, 2017).

In summary, teachers’ autonomous learning capacity involves
having autonomy; making plans; taking initiatives; serving
professional development needs; and going through the process
of autonomous planning, evaluation, and improvement.
Accordingly, in this study, teachers’ autonomous learning capacity
is defined as teachers’ capabilities to develop and implement their
study plans; adopt appropriate means and methods; make full use
of time, space, and other resources; and participate in professional
activities such as teacher education, educational teaching, and
pedagogical research for continuously improving their knowledge
and teaching skills.

Smith and Erdogan (2008) explained that such capabilities can
be classified into two dimensions: self-directed development and
freedom from control. Pintrich (2004) defined autonomous learning
as a proactive and constructive learning process and divided the
process into three parts: goal setting and planning, execution and
action adjustment, and reflection and cognitive monitoring. It is
evident that autonomous learning is a means to tackle shortcomings
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TABLE 1 Subdimensions of teachers’ autonomous learning capacity and behavioral requirements.

Subdimensions

Key behavioral requirements

Teachers” autonomous learning capacity Development of study plans

Proficiency in using learning methods

Learning habit formation

Evaluation of learning outcomes

Teachers are able to understand the requirements of
professional standards, undergo self-reflection, and adopt
suggestions from colleagues, thus making study plans that
address their professional learning needs and setting clear
learning goals for the expected outcomes of their
professional learning.

Teachers are able to integrate the following learning
activities: reading books and journals, browsing
professional websites, observing public classes, watching
videos of quality classes, attending special lectures, taking
online courses, and taking learning trips.

Teachers are able to develop the habit of taking initiative
in learning and form the habit of lifelong learning over
time.

Teachers are able to evaluate their learning process
comprehensively through self-evaluation, learning
summaries, scales, and surveys, covering the measures of
the initiative and continuity of learning, the effectiveness
in applying learning methods and strategies, problems

that arise in the learning process, and learning outcomes.

and gain insights about teaching through reflection. From a different
perspective Hai and Liu (2018), proposed three analytical
dimensions of teacher autonomous learning based on the social
cognitive theory: learning motivation, learning strategies and self-
monitoring, and argued that teachers’ autonomous learning is a
process of professional development based on daily work situations
and existing knowledge and experience, in which they consciously
and actively use various effective methods and self-regulate to
ultimately improve their professionalism and effectiveness. In
contrast, Borko (2004) proposed three analytical perspectives on
teacher learning based on the contextual learning theory, combined
with the views about individual and social cognition. First, the focus
is on individual teachers, including their learning activities and
mental changes. Second, the focus is on teacher groups, or the
communities of practice they belong to and are embedded in during
the course of their learning activities. Third, both individual teachers
and their groups are considered to examine the impact of individual-
environment interactions on teacher learning. From the perspectives
of learning behaviors and teacher-specific attributes, teacher
learning can be defined as a proactive, autonomous, and self-
directed learning process while participating in teacher education,
educational teaching, and pedagogical research for professional
development.

Sebotsa et al. (2019) suggested that teachers professional
development may be difficult to sustain without autonomous
learning. They recommended including the dimension of
autonomous learning to assess teachers capabilities in identifying
learning needs, setting learning goals, using humanistic and
material resources for learning, selecting and implementing
appropriate learning strategies, and assessing learning. A similar
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concern was shared in a discussion about teacher professional
development. For example, the National Social Science Fund of
China’s 2017 Key Educational Bidding Project “Research on
Teachers’ Key Literacy and Competencies” constructed a double-
helix model of teachers’ key literacy and competencies and
developed a questionnaire based on this model (Wang et al., 2019;
Kang et al, 2021). It included teachers’” autonomous learning
capacity as one of the competencies and measured it in four
subdimensions: development of study plans, proficiency in using
learning methods, learning habit formation, and evaluation of
learning outcomes. Each subdimension was accompanied by a
description of key behavioral requirements for clarity (see Table 1).
These subdimensions comprehensively measure competencies
mostly related to teachers’ professional capacity, covering the whole
process of instructional preparation, implementation, and
evaluation. Additionally, the questionnaire was developed in the
context of China, where this study was conducted. Therefore, these
subdimensions were used in this study.

Impact of demographic and contextual
factors on teachers’ autonomous
learning capacity

Learning is influenced by three types of factors: personal
factors, environmental factors, and behaviors. These factors affect
each other reciprocally in a continuous cycle (Bandura, 1962).
Among them, the environment can be social or physical, and thus,
classified under external factors; while personal factors and
behaviors can be categorized under internal factors. For external
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factors, teacher learning and development take place in
professional communities (Shulman and Shulman, 2009; De Jong
et al, 2019), and an empirical study revealed that a school’s
learning beliefs, learning support systems, and learning
communities impact teachers” professional learning (Opfer et al.,
2011). Moreover, a study of primary and secondary school
teachers’ motivation for professional development found that
external contextual factors such as educational stage, location, and
years of teaching experience have significant effects on teachers’
motivation for learning and development (Qi et al., 2020). In
addition, in a longitudinal study, Day and Gu (2007) found that
given the humanistic aspects of teachers’” work, not only the
external factors across different stages of professional development
but also internal conditions can affect their professional learning.
For example, personal changes and changes in a work environment
can have different effects on professional learning at different
stages of career development.

Regarding internal factors, teacher competencies have been
graded from the perspective of individual knowledge building
(Shulman, 2011) or an individual's positioning within a
community (De Jong et al, 2019). Subsequent studies have
addressed differences at the individual level. For example, Abdel
Razeq (2014) found significant differences in teachers’
autonomous learning capacity by gender, with female teachers
being better at autonomous learning. Deregozii and Hatipoglu
(2018) identified no differences in German pre-service teachers’
autonomous learning capacity by grade level and educational
background but revealed statistical differences between them by
age and gender. Using data from the 2013 Teaching and Learning
International Survey, Chen (2017) added the factor of years of
teaching experience and empirically examined teachers’
professional development in 36 jurisdictions. The results showed
that contextual factors, such as teachers” gender, years of teaching
experience, educational background, and professional
development needs, have significant effects on teachers’
professional learning and development. Besides, a survey of
kindergarten teachers in China conducted by Hai and Liu (2018)
found significant differences in autonomous learning among
teachers with different years of teaching experience, educational
background, professional backgrounds, and job titles. The
autonomous learning of teachers is determined to a larger extent
by individual internal factors than by external factors such as
school and school location.

Summarily, teachers” autonomous learning capacity is affected
by a variety of internal and external conditions, including gender,
age, years of teaching experience, educational background, job
title, educational stage, and location. However, the majority of
these studies have failed to take into consideration teachers’
educational stages or the subject they teach, let alone focus on
secondary school mathematics teachers. Moreover, the resultant
recommendations for improvement are mostly generic, rather
than specific enough for a teacher to incorporate them in their
teaching practices for a particular subject. To address the issue,
personal factors and external school factors identified in prior
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studies on differences among teacher groups can be repurposed as
demographic and contextual factors. Therefore, this study aimed
to examine the following two research questions:

RQI: What is the overall status of the autonomous learning
capacity of secondary school mathematics teachers?

RQ2: Are there differences in autonomous learning capacity
among teacher groups across the contextual factors of gender,
age, years of teaching experience, educational background, job
title, educational stage, and location? If yes, what are
the differences?

Materials and methods
Participants

T city is a provincial city in northern China with good
education and economic development. To balance the level of
the
representativeness of the sample, a stratified sampling method

teachers in different schools and to enhance
was used to select 430 secondary school mathematics teachers
from 8 out of 16 districts of T city as anonymous survey
respondents and face-to-face questionnaire completion.
Among them, 73 were males and 319 were females. They were
aged between 31 and 50 years old, with largely 11-30 years of
teaching experience. A majority of them have completed
undergraduate education. Most of them work in urban areas.
Most of the job titles were intermediate and senior ones (see
Table 2 for detailed information about the respondents).
Among them, the job title is the result of the evaluation of the
level of primary and secondary school teachers by the regional
education bureaus in China according to the Evaluation
Standards for the Professional and Technical Levels of Primary
and Secondary School Teachers in China. In the test,
we divided the job titles into three categories, namely not rated
or primary, intermediate and senior, according to the level of
teachers in T city. A total of 430 questionnaires were
34

questionnaires with inconsistent responses in the teacher

distributed. Using polygraph questions, invalid
autonomy questionnaire (the second part of the questionnaire)
were eliminated, 396 valid questionnaires were obtained, with
a return rate of 92.09%.

For a more robust interpretation of the survey results,
purposive sampling was used, thus providing more information
for this study (Chen, 2000). We selected 12 mathematics teachers
and conducted semi-structured interviews using a combination
of individual interviews, focus group interviews, phone calls,
and online interviews. Moreover, the purposive sampling
covered teachers from different

groups to ensure

representativeness. Specifically, among the 12 mathematics
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TABLE 2 Basic information of teachers surveyed.

Demographic Categories N Percentage (%)
variables
Gender Male 73 18.39
Female 319 80.35
Not available 4 1.26
Age (in years) 30 and below 55 13.89
31-40 123 31.06
41-50 153 38.64
51 and above 64 16.16
Not available 1 0.25
Years of teaching 10 and below 81 20.45
experience 11-20 143 36.11
21-30 128 32.32
31 and above 41 10.35
Not available 3 0.76
Education Associate and below 9 227
Bachelor 298 75.25
Master 83 20.96
Doctor 5 1.26
Not available 1 0.25
Job title Not rated or 47 11.87
primary
Intermediate 183 46.21
Senior 165 41.67
Not available 1 0.25
Educational stage Junior high school 243 61.36
Senior high school 153 38.64
Location Urban area 243 61.36
Township 123 31.06
Rural area 21 5.30
Not available 9 227

“Not available” indicates an invalid response by the teacher in the first part of the
questionnaire for background information.

teachers, some were from junior high schools, while others were
from senior high schools, and other teacher groups were also
well-represented. Among them, 33.34% were males and 66.66%
were females; 25% were aged 30 years and below, 41.67% were
aged 31-40years, and 33.33% were aged 41-50years; 41.67% had
taught for 10years and below, 33.33% for 11-20years, and 25%
for 21-30years. Regarding job titles, 25% were at junior level and
below, 33.33% were at an intermediate level, and 41.67% were at
senior level. In the survey process, first, researchers set up a
survey team and trained the members to ensure that they fully
grasped the purpose and method of the survey; then, with the
consent of the teachers, we introduced the purpose, method and
data analysis results of the study to the teachers; finally,
we interviewed the teachers according to the interview
questionnaire, using shorthand text recording, respecting the
interviewees’ request not to record their voices, and keeping the
interview text strictly confidential and anonymous to fully
protect the privacy of the interviewees.
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Instruments

The questionnaire used in this study was answered
anonymously and consisted of two parts—teachers basic
information and their autonomous learning capacity— with a
total of 18 questions. The first part covered the teachers’ personal
factors and external contextual factors (gender, age, years of
teaching experience, educational background, job title,
educational stage, and location). The second part was the Teachers’
Autonomous Learning Capacity Scale. The questions were mostly
drawn from the teachers’ autonomous learning capacity items of
the Teachers’ Key Literacy and Competencies Scale devised by
Kang et al. (2021) and structured according to the scale of
Williamson (2007). The final version of the questionnaire
comprised four subdimensions: development of study plans,
proficiency in using learning methods, learning habit formation,
and evaluation of learning outcomes. To avoid subjective
judgment and biased results related to the “do you agree”
questions, experience, means, or situation-based questions were
used, mostly about the teachers’ behaviors or performance in
teacher education, educational teaching, and pedagogical research
activities. For example, a question about the development of study
plans reads: Which of the following statements best describes your
experience in the development of study plans in the recent 5 years?
A. Have never made a personal study plan. B. Have included
specific study plans in work plans for 1-3 semesters. C. Have
included specific study plans in work plans for 4-6 semesters.
D. Have included specific study plans in work plans for seven or
more semesters.

Using the SPSS 24.0, the reliability test of the scale determined
using Cronbach’s a yielded a value of 0.825, indicating high
reliability. Correlation analysis was performed to examine the
scale’s structural validity. The correlation coefficients between the
subdimensions ranged from 0.36 to 0.60, implying a medium
correlation between the indicators. The correlation coefficients
between the subdimensions and the overall measure ranged from
0.62 to 0.91, indicating a high correlation between the four
subdimensions and teachers’ autonomous learning capacity (see
Table 3), and overall good structural validity of the scale.

The interview outline included four themes: development of
study plans, proficiency in using learning methods, learning habit
formation, and evaluation of learning outcomes; these can
be mapped to the four subdimensions of the scale. To gain a
deeper understanding of the interviewers experience with
autonomous learning and its influencing factors, six items were
developed based on the outline. Then, they were revised again to
incorporate inputs from experts after the interview instrument
was drafted. The questions are as follows: (1) Do you make a study
plan before autonomous learning? How long is the time horizon
covered in the study plan? What are the factors that influence your
decision for developing a study plan? (2) Do you use anything as
a reference when making a study plan? As a mathematics teacher,
what are the areas involved in autonomous learning? (3) In what
way do you carry out autonomous learning? What are the factors
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TABLE 3 Correlation between teachers’ autonomous learning capacity and its subdimensions.

Autonomous Development of study Proficiency in using  Learning habit Evaluation of
learning capacity plans learning methods formation learning outcomes
Development of study 0.768%* 1
plans
Proficiency in using 0.6227%% 0.368** 1
learning methods
Learning habit 0.762+% 0.452%% 0.454+% 1
formation
Evaluation of learning 0.903%* 0.592%* 0.420%* 0.536%* 1
outcomes
*p<0.01.
that influence your decision on choosing the learning methods? Results

(4) How long is the cycle of your autonomous learning? What
steps do you usually take to form a learning habit? What do
you think are the reasons why “there is no time for autonomous
learning?” (5) Do you assess your own learning? What areas are
considered for the assessment? What are the factors that influence
your decision for assessing your learning? (6) What should
be done to improve teachers’ autonomous learning capacity? What
are your expected supports from your family, school, and
community?

Data analysis

Addressing research question 1, SPSS 24.0 was used for
descriptive statistical analysis of the data and for calculating score
rates of teachers’ autonomous learning capacity and the
subdimensions under it. The results presented an overall picture
of the autonomous learning capacity of secondary school
mathematics teachers. The score rates were calculated as the
percentage ratios of the scores to the total points (score
rate =score/total points for a dimension). Higher score rates
indicate higher levels of teacher capacity in that dimension.

For research question 2, t-tests and one-way analysis of
variance (ANOVA) were used to test for differences in teachers’
autonomous learning capacity across gender, age, years of teaching
experience, educational background, job title, location, and
educational stage groups. For groups with significant differences,
the least significant difference test was used post hoc to identify
specific differences between the teachers. Furthermore, the effect
sizes were calculated to analyze the differences. Specifically,
7*=0.01 (or d=0.2),7*=0.06 (or d=0.5), and 7*=0.14 (or d=0.8)
were used to represent small, medium, and large effects,
respectively (Cohen, 1988). Finally, for a robust interpretation of
the survey results and a more comprehensive understanding of the
factors affecting teachers’ autonomous learning capacity, the
interview outline was used for the teachers” semi-structured
interviews. Two researchers conducted independent qualitative
analyses of the interview transcript to summarize the teachers’
main views using a bottom-up approach.
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Current autonomous learning capacity of
secondary school mathematics teachers

Regarding the overall results of the autonomous learning
capacity of secondary school mathematics teachers, the mean
score was 29.31 with a score rate of 81.42%. The score rate can also
be interpreted as the percentage score, which indicates that the
overall level of teachers” autonomous learning ability, measured on
a percentage scale, reached a corresponding level of 81.42 points,
which is a good level. The highest score of 36 had a high frequency,
indicating that there were multiple outstanding teachers. The
lowest score of 16 had alow frequency, suggesting a desirable result.

By subdimension (see Table 4 for detailed results), the results
of mean and median scores greater than 3, negative kurtosis and
skewness, and the left-skewed distribution indicated that the
scores are generally high and most teachers have good
performance. To be specific, teachers had the best performance in
the development of study plans (M=3.342), satisfactory
performance in the evaluation of learning outcomes (M =3.266),
and poor performance in learning habit formation (M =3.200)
and proficiency in using learning methods (M =3.156), as shown
in Figure 1.

Regarding particular items, in the development of study
plans, 97.7% of teachers included specific study plans in their
work plans for varying lengths (in semesters), while 2.3% of
teachers had never made a personal study plan, indicating that
most teachers perform well in this subdimension. In the
proficiency in using learning methods, we primarily examined
whether teachers were able to conduct autonomous learning in
combination with the following methods: reading books or
journals, browsing professional websites, observing public
classes, watching videos of quality classes, attending lectures,
participating in online courses, and visiting field trips. Moreover,
we found that 78.3% of teachers were aware of all the above
learning methods and used at least half of them in learning,
15.9% of teachers were aware of half of them and used a few for
effective learning, and 5.8% of teachers did not know the
learning methods and had never used them, indicating a good
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TABLE 4 Descriptive results of teachers’ autonomous learning capacity by subdimension.

N  Mean (M) Median Standard Variance Skewness Kurtosis Min. Max
deviation

Development of 397 3.342 3.500 0.677 0.458 —0.758 —0.284 1.00 4.00
study plans
Proficiency in 397 3.156 3.000 0.894 0.799 —0.802 —0.224 1.00 4.00
using learning
methods
Learning habit 397 3.200 3.500 0.708 0.501 —0.713 —0.108 1.00 4.00
formation
Evaluation of 397 3.266 3.250 0.653 0.426 —0.549 —0.669 1.25 4.00

learning outcomes

Evaluation of learning
outcomes

FIGURE 1
Subdimension means of teachers’ autonomous learning capacity.

Development of study
plans

3.200

Learning habit
formation

Proficiency in using
learning methods

performance by most teachers in this subdimension. In the
learning habit formation, 73.2% of teachers reported taking
some time to study regardless of whether they are busy at work
or not, 22.5% only studied intermittently, and 4.3% had no time
to study, indicating that while most teachers have an established
study habit, there is still room for further improvement. In the
evaluation of learning outcomes, we mainly examined whether
teachers can make a comprehensive assessment of the
autonomous learning process, including the initiative of
learning, continuity of learning, effectiveness of learning
methods, effectiveness of learning strategies, and smoothness of
the learning process. It was found that 92.9% of teachers could
diagnose at least two of the above aspects, and only 7.1% of
teachers did not evaluate any aspect of the learning process,
indicating that most teachers perform well in this subdimension.
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Analysis of differences across teacher
groups

To examine the effects of different factors on teachers’
autonomous learning capacity, independent samples t-tests were
conducted for gender and educational stage. The results showed
significant differences with small to medium effect sizes in
autonomous learning capacity between male and female
mathematics teachers (t=—2.067, p=0.039<0.05, d=0.259), and
between junior and senior high school teachers (#=2.796,
p=0.006<0.01, d=0.292).
outperformed male teachers, and junior high school teachers

Specifically, female teachers
outperformed senior high school teachers.
Then, one-way ANOVA tests were conducted for age, years of

teaching experience, educational background, job title, and
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TABLE 5 One-way analysis of variance for teachers’ autonomous learning capacity.

Categories N Mean SD F Post-hoc 7
tests

Age A 30 and below 55 30.073 5.319 2.713% C<D 0.020
B 3140 123 29.252 4.970
C 41-50 153 28.549 5.219
D 51 and above 65 30.436 4.1548

Educational background A Associate and below 9 29.223 2.539 2.650% C>D 0.020
B Bachelor 298 29.594 4.975
C Master 83 28.615 5.277
D Doctor 6 24.5623 5.4360

Location A Urban areas 244 28.623 4.967 6.575%% A<B 0.033
B Township 123 30.255 5.095
C Rural area 21 31.476 3.945

#p<0.05 and *p<0.01.

locational factors. Significant differences with small to medium
effect sizes were identified for teachers in age (F=0.045,
p=0.045<0.05, 7°=0.020), educational background (F=2.650,
Pp=0.049<0.05, 7°=0.020), and location (F=6.575, p=0.002<0.01,
7°=0.033). Specifically, teachers aged 5lyears and above
performed significantly better than those in the 41-50 age group,
teachers who worked in rural areas and townships were
significantly better than urban teachers, and teachers with master’s
degrees and below were significantly better than those with
doctoral degrees in autonomous learning capacity (see Table 5).
In addition, there was no significant difference in the autonomous
learning capacity of mathematics teachers in terms of years of
teaching and job title (p>0.05).

To further explore the differences in teachers’ autonomous
learning capacity across subdimensions, independent samples
t-tests were conducted for each of the four subdimensions with
respect to gender and educational stage. The results showed that
female teachers were significantly better than male teachers in the
evaluation of learning outcomes (f=2.540, p=0.013<0.05,
d=0.345), and junior high school teachers were significantly
better than senior high school teachers in learning habit formation
(t=2.078, p=0.038<0.05, d=0.213), with small to medium
effect sizes.

Then, one-way ANOVA tests were conducted for age, years of
teaching experience, educational background, job title, and
locational factors successively for each of the four subdimensions
(see Table 6). Significant differences with small to medium effect
sizes were identified in teachers across age (F=3.757,
p=0.011<0.05, 7°=0.028) and location (F=4.084, p=0.018 <0.05,
7°=0.021) in development of study plans. Specifically, teachers
aged 51 years and above significantly outperformed teachers aged
31-50vyears, and rural teachers outperformed urban teachers.

Significant differences with small to medium effect sizes were
identified in teachers across age (F=3.468, p=0.016<0.05,
17°=0.026), years of teaching experience (F=3.213, p=0.023<0.05,
17°=0.024), and location (F=4.523, p=0.011<0.05, #°=0.023) in
proficiency in using learning methods. Specifically, teachers aged
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41-50years were less proficient than those aged 31-40years and
over 51 years.

Significant differences with small to medium effect sizes were
identified in teachers across educational background (F=5.958,
p=0.001<0.01, 7°=0.044) and job title (F=2.862, p=0.037<0.05,
7=0.021) in learning habit formation. Specifically, teachers with
master’s degrees and below performed significantly better than
those with doctoral degrees, teachers with bachelors degrees
performed significantly better than those with master’s degrees,
and teachers with senior titles significantly underperformed those
with intermediate and below titles.

Significant differences with small to medium effect sizes were
identified in teachers across years of teaching experience
(F=3.015, p=0.030<0.05, ”=0.023) and location (F=6.029,
p=0.003<0.01, #°=0.030) in evaluation of learning outcomes.
Specifically, teachers with 21-30years of teaching experience
significantly underperformed teachers with 10years and below
and 31years and more of teaching experience, and township
teachers performed significantly better than urban teachers.

Qualitative analysis of interview data

Semi-structured interviews were conducted with 12 middle
and high school mathematics teachers to assist in interpreting the
results of the data analysis. The qualitative analysis revealed that
the differences in autonomous learning capacity across groups
could be explained by both internal and external factors.

Internal factors

Age and years of teaching experience: Mathematics
knowledge base

During the interviews, most teachers agreed that adequate
mathematics expertise could increase their efficiency in
autonomous learning and acquiring new knowledge and skills.
The perception of improved self-efficacy, in turn, could initiate a
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TABLE 6 One-way analysis of variance for teachers’ autonomous learning capacity by subdimension.

Subdimensions Categories N Mean SD F Post hoc 7
tests
Development of study plans ~ Age (in years) A. 30 and below 55 3.309 0.773 3.757% C<D 0.028
B.31-40 123 3333 0.706
C. 41-50 153 3.255 0.667
D. 51 and above 65 3.585 0.489
Location A. Urban areas 244 3.271 0.693 4.084* A<C 0.021
B. Township 123 3.438 0.667
C. Rural area 21 3.595 0.436
Proficiency in using learning Age (in years) A. 30 and below 55 3.182 0.819 3.468* B>C 0.026
methods B. 31-40 123 3.309 0.780
C. 41-50 153 2.981 0.970
D. 51 and above 65 3.246 0.919
Years of teaching A. 10 and below 81 3.222 0.791 3.213% B>C 0.024
experience B.11-20 143 3.308 0.824
C.21-30 129 2.985 0.984
D. 31 and above 41 3.098 0.944 4.523% A<C 0.023
Location A. Urban areas 244 3.074 0.944
B. Township 123 3.244 0.803
C. Rural area 21 3.619 0.590
Learning habit formation Educational A. Associate and 9 3.333 0.500 5.958%%* B>C 0.044
background below A>D
B. Bachelor 298 3.251 0.672 B>D
C. Master 83 3.072 0.770 C>D
D. Doctor 6 2.170 0.982
Job title A. Junior and 47 3.340 0.635 2.862% B>C 0.021
below
IB. ntermediate 183 3.154 0.701
C. Senior 165 3.215 0.723
Evaluation of learning Years of teaching A. 10 and below 81 3414 0.64488 3.015% C<D 0.023
outcomes experience B.11-20 143 3.242 0.62810
C.21-30 129 3.173 0.68982
D. 31 and above 41 3.404 0.51782
Location A. Urban areas 244 3.181 0.66001 6.029%* A<B 0.030
B. Township 123 3.393 0.61987
C. Rural area 21 3.512 0.60455

#p<0.05 and **p<0.01.

virtuous cycle for continuous autonomous learning. The majority
of the participants explained that teachers with domain knowledge
of mathematics are more likely to understand what they are
learning because they can relate new knowledge with what they
already know. The network of knowledge means that they better
locate anything within the knowledge system, which provides
them with a holistic view to approach new knowledge, thus
achieving better learning efficiency.

For example, Teacher A said: “I feel that the obvious gap
between myself and veteran teachers is that my mathematics-
related knowledge (for example, history of mathematics,
mathematical analysis, calculation skills) is not as extensive as
theirs. I spend much more time than they spend in acquiring the

Frontiers in Psychology

103

same new knowledge. Also, they are more thoughtful. I often miss
the points that veteran teachers may raise. Besides, my views on
some of the frontier issues can also enlighten veteran teachers.”

Teacher E said: “In a workshop on what differences’ should
be reflected in the approach of ‘adopting different methods for the
same mathematics lesson, I thought of a teacher’s personal
teaching style, handling of teaching content, teaching ideas and
methods, and the use of teaching tools. However, a veteran teacher
mentioned the importance of paying attention to the students’
differences when planning a ‘different’ lesson. This is something
I had not thought of”

The results of the above interviews reveal that while newly
recruited young teachers may be inexperienced, they are more
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capable and motivated for self-reflection and autonomous
learning, and are more concerned with the frontier of the subject.
Veteran teachers, on the other hand, have a greater advantage in
terms of their knowledge base in mathematics.

Location: Learning methods

The interviews suggested that appropriate learning methods
contribute to mathematics teachers’ efficient learning. The rapid
development of technologies, including multimedia technology
and artificial intelligence, has expanded available applications for
mathematics and methods for autonomous learning. As a
provincial and a coastal port city in China, T city has few
agricultural areas and mountainous areas, a better level of
education informatization, and a wide coverage of teacher training
and post-service training power, so teachers in rural areas have
access to rich learning resources and opportunities. The right
approach can effectively improve the efficiency of teachers
autonomous learning and learning outcomes. Choosing
appropriate and suitable learning methods is a necessary
prerequisite for teachers to engage in autonomous learning.

For example, Teacher D said: “To improve my professional
competencies, I use online resources for autonomous learning,
such as watching recorded videos for national high-quality lessons
and learning information technology and pedagogical skills. I also
participate in the mathematics pedagogical research activities
organized by the school to learn from the experiences of
other teachers”

Teacher C said: “Although our school is located in a remote
location, thanks to the development of technologies, China has
made many databases publicly accessible. I can observe online
quality lessons delivered by mathematics teachers nationwide and
learn the way excellent teachers handle their classes.”

Teacher E said: “I try to improve my knowledge and
professionalism through mathematics teaching reference books.
Now that it’s easy to get around, sometimes, I also go to downtown
schools to attend lectures by experts in mathematics education to
get my questions about learning and teaching answered. In
addition, I think lesson preparation is also a good way to learn.
I acquire or learn new ideas every time I prepare a lesson”

Gender, educational stage, and educational
background: Internal motivations for learning

The interviews revealed that internal motivations are a
necessary prerequisite for teachers” autonomous learning. What
motivates teachers to learn autonomously can be internal,
including their personal values and goals for self-improvement.
These motivations are catalytic and inspirational, encouraging
teachers to enhance their professional knowledge and skills,
knowledge base, and determination in overcoming difficulties
they encounter in the learning process continuously and
sustainably.

For example, Teacher F said: “As a female teacher, I am often
able to derive satisfaction from teaching. My self-improvement is
driven by good interaction with students in the classroom and the
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improvement in student achievement. I study regularly and
autonomously. I find ways to overcome any difficulties and
obstacles I encounter in the learning process, rather than
giving up”

Teacher G said: “T teach senior high school mathematics,
which is difficult, so I usually spend most of my time teaching and
preparing lessons. My main goal is to help students improve their
grades in the college entrance examination, so I have little need to
study myself and have no set study habit”

Teacher K said: “As a teacher who has experienced systematic
research training at the doctoral level, I believe that my
mathematical expertise meets the requirements for teaching, so
I do not need much additional independent study. There are few
mathematics teachers with doctoral degrees, and the teachers
around me often talk to me about professional issues. I am not
particularly knowledgeable about curriculum standards and other
content, and usually do not spend time studying them.”

From the results of the above interviews, it is evident that
female teachers are able to gain satisfaction from teaching
mathematics and have a high internal motivation for learning, a
strong sense of autonomous learning, and personal learning needs
and pursuits. In contrast, senior high school teachers are more
dedicated to teaching, preparing lessons, and helping students
improve their academic performance in mathematics and prepare
for the college entrance examination. They have weak internal
motivation for learning and forming learning habits. Additionally,
the doctoral-educated teachers who participated in this study had
science and technology academic backgrounds, had not
experienced teacher education, and had weaker knowledge of
educational expertise, which, combined with the security that
comes with a deep foundation of mathematical expertise,
prevented them from developing the habit of autonomous
learning. This finding corroborates and explains the results of the
questionnaire survey that “in autonomous learning capacity,
female teachers are significantly better than male teachers, junior
high school teachers are better than senior high school teachers,
and doctoral teachers underperformed”

External factors

Age and years of teaching experience: Learning time

In the interviews, most teachers mentioned that they had no
free time for autonomous learning due to the numerous chores at
home and the heavy workload. With little free time at their
disposal, they had time for autonomous learning only during
semester breaks, but they still had to prepare lessons for the
semester. As a result, many teachers’ autonomous learning covers
only knowledge closely related to the subjects they teach.

Teacher H said: “Classroom work, various interpersonal
activities, and regular teaching take up most of the time. In
addition, as middle-aged people, they have to take care of their
families and children. Thus, they rarely have time for autonomous
learning and usually study for completing the tasks assigned by
the school”
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Teacher B said: “The school conducts a lot of teacher training
programs. As middle-aged teachers, we have too many chores in
our family life, so we do not have time for autonomous learning”

Job titles and educational background: Reward and
evaluation policies

Sound evaluation policies are critical to measure the quality
of teachers’ autonomous learning. Schools play a major role in
teacher evaluation; therefore, a robust evaluation framework is
needed in schools to motivate teachers for autonomous learning.
The interviews revealed that teacher evaluation policies place too
much emphasis on differentiation and selection. Accordingly,
teachers focus on these performance indicators, particularly on
students’ academic achievements. They have few incentives for
enhancing their professional competencies through autonomous
learning.

For example, Teacher L said: “The school’s evaluation policies
are based on achievements of students in the class, the papers
published by teachers, and the rankings achieved in competitions.
Even those who want to learn are targeting promotion or job titles.
Teachers are not motivated to learn for improved knowledge and
learning capacity”

Teacher K said: “teachers with a doctoral degree have certain
advantages in the job title evaluation, as a doctoral degree
mathematics teacher, my professional knowledge is relatively more
solid, and I usually like to study and research mathematics
knowledge”

The results of the above interviews identified a lack of time for
learning, limited energy, and work and family factors that weaken
autonomous learning capacity among middle-aged teachers. In
addition, the interviews revealed that teachers with senior job
titles and doctoral degrees are not sufficiently incentivized for
enhancing autonomous learning capacity by the reward and
evaluation policies.

Discussion

Satisfactory autonomous learning
capacity of secondary school
mathematics teachers

Considering the findings of Shao (2013) and Sun (2012), this
study revealed generally satisfactory autonomous learning
capacity of secondary school mathematics teachers. Specifically,
among the four subdimensions, teachers’ ability in the
development of study plans was the best, indicating that most
teachers can set clear learning goals and develop study plans
based on professional requirements through self-reflection,
incorporating suggestions from colleagues, and considering their
own professional learning needs. However, the interviews revealed
that teachers” planning cycles generally last for a semester. They
mostly focus on the next semester’s course schedule rather than
on professional self-improvement. Moreover, teachers’ ability to
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evaluate learning outcomes is satisfactory, indicating that they can
use a combination of assessment tools to evaluate learning
outcomes. However, it was revealed that some teachers are overly
interested in results and have little appetite for reflecting on the
learning process. Finally, improvements are needed in teachers’
abilities to form learning habits and gain proficiency in using
learning methods, both of which require practice and time. In the
interview, we found that although teachers have a desire to learn
and improve, many of them report that their study habits are
interrupted by external factors due to work commitments and life
chores, and they lack time for autonomous learning. In addition,
increased job stress can lead to a decrease in their job satisfaction
and a lack of time for professional development and enhancement
(Naylor, 2001), which can weaken their competency.

Differences in autonomous learning
capacity of secondary school
mathematics teachers across contextual
factors

The results revealed significant differences in teachers’
autonomous learning capacity across gender, age, years of teaching
experience, educational stage, and location. First, between gender
groups, female teachers’ autonomous learning capacity is
significantly better than that of male teachers, especially in terms
of evaluation of learning outcomes. The reason is that female
teachers in compulsory educational stages in China have higher
job satisfaction than males (Li et al., 2017). As a result, it is easier
for female teachers to receive positive feedback in their teaching.
Their increased self-efficacy helps them make better career
decisions (Ince Aka and Tasar, 2020), motivating them to learn
autonomously for professional improvement, which was also
verified in the interviews. Self-evaluation of learning outcomes
helps them diagnose their shortcomings and find the right
direction for learning improvement. In addition, the results of the
interviews suggest that teachers’ internal motivation contributes
to the improvement of their autonomous learning capacity. These
results can also explain the finding.

Among educational stages, junior high school teachers have
better levels of autonomous learning capacity, especially in
learning habit formation. The interviews also revealed that some
senior high school teachers mistakenly equate a higher educational
stage with higher competencies, resulting in a low level of
enthusiasm for their professional advancement. It was also
revealed that teachers’ lack of internal motivation to learn can
affect their planning for autonomous learning, making it difficult
for them to form study habits. Moreover, a higher level of
educational stage is accompanied by increased pressure due to the
college entrance examinations that students in these classes
undertake. Senior high school teachers devote most of their
energy to education and teaching, instead of paying attention to
autonomous learning for self-improvement. In addition, the
interviews also showed that the utilitarian orientation of reward
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and evaluation policies, as well as less rewarding teacher training
activities, occupy too much of the available time for teachers. The
situation is worsened by the fact that teachers’ professional
learning and development are mostly driven by external sources
(Lefstein et al.,, 2020). As a result, teachers have no time for
autonomous learning and maintaining learning habits.

Among age groups, teachers aged 41-50years are less capable
of autonomous learning than teachers aged 51 years and above,
especially in terms of the development of study plans. In contrast,
the former are less adept than those aged 31-40years in
proficiency in using learning methods. This finding is in line that
of with previous studies (e.g., Huberman, 1989; Liu and Liu,
2019), and is understandable because teachers aged 41-50 years
have transformed from novice to skilled teachers. Given the
accumulated work experience, they are prone to burnout, leading
to an insufficient passion for learning and development.
Meanwhile, the finding that school learning is most conducive to
teachers’ professional learning and development (Postholm, 2012)
implies that middle-aged teachers are in a disadvantaged position
for autonomous learning because they need to balance their work
and familial responsibilities, which was verified in the interviews.
Furthermore, the interviews indicated that teachers’ knowledge
base in mathematics also affects their autonomous learning
capacity. Teachers aged 41-50 years were less knowledgeable and
experienced in mathematics than senior teachers and less
refreshed than younger teachers. The burnout effects can further
decrease their motivation for autonomous learning.

There were no significant overall differences between teachers
based on years of teaching experience. However, in the
subdimensions, teachers with 21-30years of teaching experience had
low proficiency in using learning methods compared to those with
11-20years of teaching experience and poor evaluation of learning
outcomes compared to those with 31years and more teaching
experience. A previous study revealed that teachers with 6-10years
of teaching experience have the highest level of career attraction and
are in the prime of their career development, while teachers over
40years of age show negative performance and lack the motivation
to learn (Liu and Liu, 2019). Huberman (1989) divided the
professional life cycle of teachers into seven stages, in which the
period of calm and relational distancing can portray the psychological
state of teachers with 21-30years of teaching experience. Many
teachers at this stage begin to calm down after experiencing doubt
and crisis and are able to complete their classroom teaching with
greater ease and self-confidence. However, as career aspirations are
gradually achieved, their level of ambition starts declining (Ye, 2001),
and the need for self-evaluation decreases. In addition, the interview
results suggested that learning methods and internal learning
motivations affect the development of this group of teachers’ learning
capacity. Teachers in a period of calm and relational distancing also
have a reduced willingness to explore learning methods. This explains
part of the differences with other teachers.

Among location groups, rural or township teachers did not
show deficiencies in overall autonomous learning capacity or in the
development of study plans, proficiency in using learning methods,
and evaluation of learning outcomes. This finding differs from those
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that suggested that rural teachers need to improve their competencies
because they are mediocre (Li and Cui, 2015). One possible reason
to explain the inconsistency is that collaboration among teachers
contributes to their professional learning and development (Smith
etal,, 2020). Participants of this study were from the areas of Chinese
provincial and coastal cities, with few agricultural and mountainous
areas, a good level of education informatization, and a wide coverage
of teacher training and post-service training efforts. The rural
teachers in the interviews also indicated that they had access to
abundant learning resources and the opportunity to learn
independently using a variety of learning methods and to collaborate
with teachers from other regions. Efforts over the years for quality
and balanced development of compulsory education and provision
of special training for rural teachers have yielded positive result.
Additionally, the job stress of rural teachers is relatively low, giving
them more time for autonomous learning. To compensate for the
lack of resources in townships and rural areas, teachers in these areas
have more moral duties for self-improvement, resulting in higher
autonomous learning capacity of rural teachers than those of urban
peers across all subdimensions.

Among educational background groups, those with doctoral
degrees did not have better autonomous learning capacity, contrary
to our expectation, especially in learning habit formation. Some
studies have also shown that the effect of educational background
on teachers’ learning capacity is not significant (Zhu and Jiang,
2021). During the interviews, teachers with doctoral degrees
indicated that the mathematical professional learning they had
conducted in scientific research was sufficient for their teaching
practice and that there was little pressure for independent learning.
It is noteworthy that the participants with doctoral degrees were not
educated as professional teachers, they lacked teacher education
backgrounds. The interviews also revealed that they paid more
attention to the learning of mathematics professional theories, but
not enough attention to the learning of mathematics teaching and
learning theories, and lacked the awareness of mathematics
curriculum standards, which made their knowledge in autonomous
learning limited to mathematics professional knowledge rather than
educational knowledge, and coupled with the high level of
superiority brought by high education, these may lower their
motivation for learning and development. Furthermore, according
to the Education Statistics in T city, the number of teachers with
doctoral degrees in mathematics and teacher training backgrounds
is very small, which limits the number of people surveyed, and the
results may change in the future as the cultivation of doctoral
degrees in education in T city deepens, which is the focus of our
further in-depth research in the future. In addition, the results
revealed that the utilitarian tendency of teacher rewards and
evaluation policies can hinder the improvement of teachers
autonomous learning capacity. For example, in the interviews,
teachers with doctoral degrees indicated that they have certain
advantages in teaching in primary and secondary schools and
evaluating teacher job titles in China and that they do not have to
continue to do research or spend a lot of time studying for their job
title rank after teaching. Therefore, they are more comfortable with
their work status and less enthusiastic about learning. This is
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consistent with prior findings. For example, some studies have
suggested that China’s teacher evaluation policies should focus on
external static indicators such as educational background and job
title (Wang and Si, 2011), without considering indicators that reflect
the true quality of teachers, leading to a superficial quality evaluation
framework (Wang, 2019).

In terms of job titles, there are no differences in the overall
autonomous learning capacity among teacher groups. However, in
learning habit formation, those with senior job titles do not
demonstrate the expected advantages and even underperform those
with intermediate job titles. The finding is consistent with existing
research conclusions. For example, a previous study found that the
learning motivation level of senior job title teachers is the lowest,
and the difference with non-senior title teachers is significant (Liu
and Liu, 2019). The reason could be because some teachers have
become less motivated to work after promotion to senior titles or
have moved to non-teaching positions, where they occupy senior
title positions but do not teach (Wang and Wu, 2019). Moreover,
interviews revealed that job title evaluations focus on exogenous
indicators, while teachers at the senior level have reached the
culmination of professional development with little hope of further
promotion, which can reduce the willingness of some teachers with
senior titles to seek autonomous learning and development.

In summary, the findings about differences in the autonomous
learning capacity of mathematics teacher groups across
demographic and contextual factors can contribute to the literature
in this area. The implications are that measures need to be taken to
enhance the autonomous learning capacity of particular teacher
groups. For example, the unsatisfactory performance of teachers
with senior titles and high levels of education may highlight the
need for reforming job titles, pay scales, and teacher recruitment
systems. For male teachers, those working at higher educational
levels, and the middle-aged, targeted training and pedagogical
research policies may be advisable.

Future research suggestions

This study investigated the current state of teachers
autonomous learning capacity, examined the differences across
teacher groups, and discussed underlying reasons. First, the
findings may inform future studies in developing more
comprehensive scales, thus exploring factors affecting teachers’
autonomous learning capacity from a wider range of perspectives.
Second, although this study has identified some significant
influencing factors, their mechanisms of action still need further
exploration. The relationship between correlated variables can
be examined further to gain a clearer understanding of the paths
through which teachers” autonomous learning is affected. Finally,
teacher policies have an important impact on the construction of
the teaching team, the assessment is part of the efforts to provide
evidence to inform teacher policies. A question to be addressed is
whether artificial intelligence can be employed to conduct big data
assessment of autonomous learning capacity comprehensively and

in real-time to save effort.
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Preservice mathematics teachers’ accurate understanding of mathematical
problem solving and its teaching is key to the performance of their
professional quality. This study aims to investigate preservice mathematics
teachers’ understanding of problem solving and its teaching and compares it
with the understanding of in-service mathematics teachers. After surveying
326 in-service mathematics teachers, this study constructs a reliable and
valid tool for the cognition of mathematical problem solving and its teaching
and conducts a questionnaire survey on 26 preservice mathematics teachers.
Survey results reveal that preservice mathematics teachers have a good
understanding of mathematical problem solving and its teaching and are more
confident in the transfer value of problem solving ability. By contrast, in-
service teachers are more optimistic that problem solving requires exploration,
continuous thinking, and the participation of metacognition. This article
concludes that preservice mathematics teachers should focus more on
the initiative and creativity of students and put students at the center of
education. In addition, teacher educators should provide more teaching
practice opportunities for preservice teachers. The findings also show that in-
service teachers’ understanding of problem solving and its teaching is inferior
to that of preservice teachers on some indicators, implying the importance of
post-service training for in-service teachers.

pre-service teacher, perceptions, problem solving, mathematics teaching, in-service
teacher
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Introduction

Mathematics learning is essential in cultivating the
philosophical thinking and rational spirit of students (Jiang
and Xiong, 2021a). Many countries, including China, attach
great importance to mathematics education (Jiang and Xiong,
2021b). Problems are the heart of mathematics. Mathematics
is developed and perfected by constantly solving various
problems, and the mathematician’s main reason for existence
is to solve problems (Mason, 2016). Therefore, mathematics
consists of problems and solutions. Learning how to solve
mathematical problems is at the heart of mathematics
education (Polya, 2002a). Solving mathematical problems
helps students better understand mathematics (Munzar et al.,
2021). To a large extent, mathematics education cultivates
the problem solving abilities of students (Polya, 1990).
Learning to solve problems and think mathematically requires
continuous reflection on the nature of this activity (Arcavi
et al,, 1998). Therefore, the problem solving teaching ability
of mathematics teachers is vital. Nowadays, the relevance of
problem solving in teaching and learning mathematics has
become commonplace (Libedinsky and Soto-Andrade, 2016).

When teachers invite students to solve a problem, they
do not know as much about how to solve the problem as
many people think (Andrews and Xenofontos, 2015). Improving
problem solving requires focusing on some recommendations,
mainly for teachers and their education (Zimmermann, 2016).
Teachers’ knowledge of teaching content affects their classroom
practice, which involves student learning and achievement
(Peterson et al., 1989). Problem solving is getting from where
you are to where you want to be by continuously reformulating
the problem until it becomes something you can manage
(Kilpatrick, 2016). The cognition of mathematical problem
solving affects mathematical problem solving and teaching
behavior. Teachers’ beliefs about mathematics impact their
teaching, and teachers with different views about mathematics
teach differently (Philipp, 2007; Lester and Cai, 2016). Teachers
are central to advancing the affective atmosphere and social
interaction of the class (Pehkonen et al., 2016), and their beliefs
have a considerable impact on the nature of classroom practice
(Kayan Fadlelmula and Cakiroglu, 2008). Therefore, teachers
need to have a good understanding of mathematical problem
solving and its teaching.

Preservice mathematics teachers are prospective teachers
who will teach mathematics after graduation (Jiang and
Jiang, 2022). Many preservice teachers complete advanced
mathematics courses with a limited interpretation of critical
terms, incorrect beliefs about the nature of mathematics, and
a fajlure to recognize that mathematics stimulates analytical
thinking and creativity (Paolucci, 2015). They have difficulty
raising and solving problems (Isik and Kar, 2012; Mallart et al,,
2018). Teacher education can alleviate negative attitudes or
beliefs about mathematics and teaching mathematics to college
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students preparing to become teachers (Looney etal, 2017).
Preservice mathematics teachers with proper training will
have better problem solving and problem solving teaching
performance (Crespo and Sinclair, 2008; Karp, 2010). They need
a teacher preparation program that focuses their attention on
the learning of the students they are teaching (Kilpatrick, 2016).
They must understand mathematics, teaching, and pedagogy
(Register et al., 2022). Proper understanding of mathematical
problem solving and its teaching is an essential part of the
professional quality of preservice mathematics teachers and
can effectively guide their future teaching of mathematical
problem solving.

Significant advances have been made in understanding
the affective, cognitive, and metacognitive aspects of problem
solving in mathematics and other disciplines (Lester and
Cai, 2016). Research on the correlation between the use of
various problem solving strategies and problem solving success
has been plentiful over the last century (Schoenfeld, 2007),
and there have been many suggestions for teaching problem
solving effectively (Mason, 2016). However, empirical studies
of preservice teachers’ understanding of mathematical problem
solving and its teaching are still rare. The big question facing
current mathematical problem solving research and teaching
practice is this: How do we make meaningful problem solving a
regular feature of mathematics classrooms (Leong et al., 2016)?
It is necessary to train many outstanding mathematics teachers,
and a feasible method to achieve this is to pay attention to
the education of preservice teachers. We should understand
the mathematical problem solving and teaching knowledge of
preservice teachers. On the basis of this knowledge, we can
develop educational strategies to improve their problem solving
teaching skills.

Improving the mathematical problem solving teaching
ability of teachers requires understanding the mathematical
problem solving and teaching perception of in-service and
preservice teachers. For high-quality mathematics (problem
solving) teaching, preservice teachers think that “developing
students’ thinking ability” and “mathematical communication
ability” is more critical. By contrast, in-service teachers think
“learning arrangement” and “building connections” are more
important (Clooney and Cunningham, 2017). Age and work
experience may shape beliefs related to mathematical problem
solving (Metallidou, 2009). It is helpful for the training of
preservice teachers to understand how in-service teachers view
mathematical problem solving and its teaching. Therefore,
comparing the cognition of preservice and in-service teachers
toward mathematical problem solving and its teaching is
necessary. The cognition of preservice teachers can be better
understood by placing them in the background of in-service
teachers’ perceptions. Issues such as whether their perceptions
have something in common, what the differences are, how to
narrow the gap, how to further optimize their perceptions,
which perceptions can be optimized before they are employed,
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and which can only be optimized afterward are not only
significant for the training of preservice teachers but also help
the continuing training of in-service ones.

Mathematical problem solving teaching in China is
relatively successful, and Chinese students perform very
well in international mathematics competitions, such as the
International Mathematical Olympiad (Xiong and Jiang, 2021).
A study of 495 Chinese preservice mathematics teachers
showed that their beliefs about mathematics teaching are most
correlated with their inquiry-based teaching practices (Yang
et al, 2020). However, as Cai and Nie (2007) pointed out,
mathematical problem solving research in China has been
much more content- and experience-based than cognitive-
and empirical-based. Empirical studies of problem solving
related to preservice mathematics are scarce. Therefore, China’s
experience is worth examining. The present study aims to
answer the following questions:

1. What do preservice mathematics teachers know about
mathematical problem solving and its teaching?

2. What is the difference between preservice and in-service
mathematics teachers’ cognition of mathematical problem
solving and its teaching?

Establishing a model and related tools to study preservice
teachers’ understanding of mathematical problem solving
has important implications for future work in mathematics
education and teacher education.

Literature review

Mathematical problem solving was once a hot research
issue in mathematics education (Lester, 1994; Schoenfeld,
2007). The content covered in the literature review below
includes mathematical problem solving, preservice mathematics
teachers, and problem solving for preservice mathematics
teachers. This section expounds on the background and starting
point of this study from these three aspects.

Mathematical problem solving

Problems generally refer to stimulating situations that
cannot be responded to with ready-made responses and
require that specific barriers be overcome between the given
information and the goal. Mathematical problems can generally
be divided into problems for construction and problems
to prove (Polya, 1945). Schoenfeld (1985) pointed out that
mathematical problems are usually divided into two categories:
the common practice problem and the problem that students
must experience before solving.

George Polya, the founder of the mathematical problem
solving theory, follows

described problem solving as
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(Polya, 1962, p. v): “Solving a problem means finding a
way out of a difficulty, a way around an obstacle, attaining
an aim which was not immediately attainable.” In general,
solving problems that require effort and exploration improves
one’s thinking skills. Polya’s problem solving table provides a
perspective of the problem solving process from four stages:
Understanding the Problem, Devising a Plan, Carrying out
the Plan, and Looking Back (Rosiyanti et al, 2021). What
Polya proposed was a heuristic approach, and his theories of
mathematical problem solving were far-reaching.

Lester (1994) systematically reviewed the research on
mathematical problem solving in terms of research content and
methods from 1970 to 1984. He summarized the current state
of problem solving research and recommended future studies.
Schoenfeld (2013) proposed a decision theory based on his four-
factor framework for mathematical problem solving. Research
on mathematical problem solving is vibrant. The connotation
and requirements of mathematical problem solving ability are
also constantly changing. There have been many research results
on the technology of mathematical problem solving, creativity
in mathematical problem solving, and emotion and aesthetics in
mathematical problem solving (Amado et al, 2018). In terms
of research methods, the research methods of mathematical
problem solving include differential analysis, thinking aloud,
correlation analysis, and teaching experiments (Bao and Zhou,
2009).

Problem solving is a significant learning activity, but the
quality of problem solving teaching needs to be improved.
As Lester and Charles (1992) once pointed out, research
on mathematical problem solving provides little specific
information on problem solving learning. The role of the
teacher in teaching is neglected, and little attention is paid
to what happens in real classrooms. The research focuses on
the individual, on the theory but not on the class, which is
the shortcoming of current problem solving teaching research.
Lester (2013) reflected on the study of mathematical problem
solving teaching and made four assertions: (1) We need to
rethink what mathematical problems and problem solving
are. (2) We know very little about how to improve students’
metacognition through problem solving. (3) Mathematics
teachers need not be problem solving experts but must be
serious problem solving students. (4) Mathematical problem
solving is not always a high-level cognitive activity.

It is worth mentioning that problem solving is a core activity
in Chinese mathematics teaching and learning. Mathematical
problem solving activities in China have the following
characteristics: (1) high level of reasoning, often involving
multi-step and complex formal mathematical reasoning; (2)
high comprehensive knowledge, with general mathematical
problems involving multiple knowledge points; (3) high
operation requirements, including high symbolic calculus
ability; (4) simple background, in which more emphasis is
placed on the connections within mathematics; and (5) presence
of various solutions and high problem solving skills. The
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problem solving characteristics mentioned above are affected
by examinations and courses on the one hand and classroom
teachings on the other, such as emphasizing “Bianshi” teaching,
question-type training, and reduction methods (Bao, 2017).

In conclusion, despite the many research results, we still
know very little about how to develop the metacognitive abilities
of students through the teaching of mathematical problem
solving. The role of teachers in problem solving learning has
been neglected. To improve the problem solving ability of
students, we must pay attention to the part of teachers. The
problem solving teaching ability of mathematics teachers is
also crucial. In addition, some empirical research supported by
exact facts and data is necessary to study mathematical problem
solving teaching.

Preservice mathematics teachers

Increasing attention is being paid to the training of
preservice mathematics teachers. Preservice teachers refer
to those who want to become teachers. In this study,
preservice mathematics teachers are “quasi” mathematics
teachers, including undergraduate students in Mathematics
education and master’s students in curriculum and teaching
theory or mathematics teaching (Tong and Yang, 2018; Jiang and
Jiang, 2022). The research on preservice mathematics teachers
consists of studies on the current situation, curriculum and
instruction, skill training, and teaching knowledge research.
Many researchers have studied the mathematical knowledge
and related beliefs of preservice mathematics teachers as well
as their curriculum and teaching knowledge (Pamuk and
Peker, 2009; Prescott et al.,, 2013; Dede and Karakus, 2014;
Paolucci, 2015; Lutovac, 2019). Some researchers agree that
preservice mathematics teachers must be better prepared for
future mathematics teaching (Land et al,, 2015; Lau, 2021).

In many countries, preservice mathematics teachers
are taught mathematics and mathematics pedagogy in the
mathematics department and education department of their
universities. The training of preservice mathematics teachers
requires interdisciplinary cooperation (Beers and Davidson,
2009; Hodge, 2011; Goos and Bennison, 2018). Some researchers
pointed out that the teaching skills of preservice mathematics
teachers need to be strengthened (Ozgen and Alkan, 2014; Land
etal,, 2015; Gokalp, 2016). Many researchers (Llinares and Valls,
2009; Ozmantar et al., 2010; Baki et al., 2011; Hechter et al.,
2012; Caniglia and Meadows, 2018; Saralar et al., 2018) are also
concerned about the ability of preservice mathematics teachers
to use Information and Communication Technology (ICT).
their Chinese
preservice mathematics teachers are more familiar with

Compared to Western  counterparts,
traditional mathematics thinking and teaching and are not
competent in TPACK (Xiang and Ning, 2014). After more than

100 years of development, Chinas formal preservice teacher
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education has formed some unique models and characteristics
(Tong and Yang, 2018). The training program for preservice
mathematics teachers in China has two distinct features (Li
et al, 2008). The first is that it lays a solid mathematical
foundation for normal students to have a higher mathematical
literacy. The second is that it pays attention to the review and
research of elementary mathematics because everyone believes
that a deep understanding of elementary mathematics and solid
problem solving ability are fundamental to becoming qualified
middle school mathematics teachers. Under the test-oriented
education tradition, qualified teachers must have high problem
solving skills.

However, many questions about preservice mathematics
teachers have not been effectively addressed. The study of how
to train preservice mathematics teachers efficiently remains an
essential topic in education worldwide.

Problem solving of preservice
mathematics teacher

Although some studies do reveal the characteristics of
preservice mathematics teachers in problem solving, such
studies are not rich enough. Preservice mathematics teachers
have many deficiencies in problem solving. In terms of
problem solving skills, most preservice mathematics teachers
have low problem solving skills (Ozgen and Alkan, 2012). For
instance, regarding questioning skills, preservice mathematics
teachers commit seven types of errors in asking questions
about fractional splitting (Isik and Kar, 2012). Some preservice
mathematics teachers have difficulty asking questions about
everyday life, fitting into the school curriculum at a given
educational level, and posing questions that students can self-
correct (Mallart et al., 2018). Preservice mathematics teachers
can employ problem solving strategies and problem solving,
but their use of different techniques is limited (Avcu and Avcu,
2010). Likewise, they have difficulty expressing operations in the
mathematical language (Ozdemir and Celik, 2021). Thus, they
need a better understanding of problem solving and its teaching
through teaching practice.

Preservice mathematics teachers have difficulty choosing
specific mathematical problems, and it is rather difficult
for them to find unconventional mathematical problem
situations (Temur, 2012). Therefore, many problems in problem
solving teaching for preservice mathematics teachers need to
be discussed in depth. Zsoldos-Marchis (2015) studied the
effectiveness of collaborative problem solving in changing the
attitudes of preservice elementary teachers toward mathematics.
They found that students who used cooperative learning
methods had statistically significant positive changes in their
enjoyment of mathematics. The students improved their
belief in the usefulness of mathematics, preferring to solve
unconventional problems. Other researchers explored the
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learning process of preservice mathematics teachers taking part
in a middle school mathematics methods curriculum, noting
the need for further research on such programs (Gomez, 2009).
Some researchers have tried to paint a picture of problem solving
in Chinese mathematics education, revealing the knowledge of
Chinese preservice mathematics teachers in problem solving
and teaching (Cai and Nie, 2007), but the research is far from
extensive. To summarize, research on problem solving and
problem solving teaching for preservice mathematics teachers
is necessary. Evidence from classrooms, students, and frontline
teachers is significant.

Materials and methods

Research methods

Methods

A study in Turkey used a survey research method
to understand how Turkish preservice primary school
mathematics teachers perceive problem solving in mathematics
education (Kayan Fadlelmula and Cakiroglu, 2008). The current
study adopted the questionnaire survey method as it can be
used to investigate the knowledge of Chinese mathematics
teachers on mathematical problem solving and its teaching.
First, the researchers designed a preliminary questionnaire
based on the literature and then examined the problem solving
and teaching knowledge of in-service mathematics teachers
through the online teaching and research community (WeChat
and QQ) to develop research tools and establish norms. The
online survey instrument is WENJUANXING (a widely used
platform for publishing online questionnaires in China). The
researchers presented links to the questionnaires through
WeChat and QQ, and in-service mathematics teachers willing
to participate in the survey could click the links to fill out
the questionnaires. The teachers were fully informed of the
purpose of the study, and filling out the online questionnaire
was voluntary. Data generated by in-service teachers served
as the norm and could be used to develop and validate the
validity of research tools. Structural modeling was used to
deal with the data. After the research tools were formed,
representative preservice mathematics teachers were selected to
conduct a questionnaire survey. According to research ethics
requirements, the questionnaire survey was conducted only
after the preservice mathematics teachers signed the informed
consent.

Participants

Chinese mathematics teachers attach great importance
to problem solving, must solve many problems, and regard
problem solving as one of the most critical teaching tasks (Xiong
and Jiang, 2021). This study is part of a more extensive study.
In the larger study, the researchers explored how to design
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curriculum instruction to facilitate the development of problem
solving instructional skills among preservice mathematics
teachers. Therefore, it is essential to specify the sample for the
study. A total of 199 in-service mathematics teachers effectively
participated in the online survey, most of whom came from high
schools of good quality in Guangxi, China. Therefore, they could
serve as representatives of excellent teachers in the province.
As they joined the online mathematics teaching and research
group independently, these teachers could be considered as
having a high interest in mathematics education. They already
have some teaching experience and all have been engaged in
the teaching of mathematical problem solving. In addition,
127 mathematics competition coaches from all over China
also completed the questionnaire online. Chinese mathematics
competition coaches have high problem solving skills and
problem solving teaching skills.

The participants in this study came from a local key normal
university in China. A total of 26 full-time first-year graduate
students, 2 males and 24 females, were selected. Two majored in
mathematics curriculum and teaching theory and 24 majored
in mathematics teaching. They are preservice mathematics
teachers and will all be engaged in mathematics teaching after
graduation. Most of them have studied mathematics courses
such as Mathematical Analysis, Advanced Algebra, Modern
Algebra, Functions of Real Variables, Functions of Complex
Variables, and Topology at the undergraduate level. They have
studied practical courses such as Mathematics Instructional
Design and Teaching Skills Training and have experience in
micro-teaching and educational practice. However, they are still
students and do not have enough teaching experience yet.

Procedure

Questionnaire surveys are one of the most popular
data-gathering methods in the social sciences. This study
demonstrates the development and use of questionnaires
according to the purpose of the study. The basic process of
this study was as follows: conduct literature review— design
research methods—conduct online surveys on in-service
based
online surveys— conduct surveys on preservice mathematics

mathematics teachers—design survey tools on
teachers— collect and analyze data— report results. The study
first investigated the problem solving and teaching cognition
of in-service mathematics teachers. The researchers developed
valid questionnaires based on literature and data on in-service
teachers. Then they contacted participants to ask if they
would like to participate. With the participants’ consent, the
researchers committed to protecting their privacy, distributed
the electronic questionnaires to them, and technically assisted
them in completing the questionnaires. After the participants
completed the questionnaires, the researchers retrieved the
data. Once the data of preservice mathematics teachers were
collected, they were compared with the data of in-service

mathematics teachers.
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Data collection and analysis

As mentioned earlier in section “Methods,” this study
collected data through the Internet and surveyed preservice
mathematics teachers by using questionnaires. Therefore, the
research data can reveal the knowledge of in-service and
preservice teachers about mathematical problem solving and its
teaching. After the original network data were collected, the
data were preprocessed to obtain valid data. The researchers
carried out structural equation modeling based on the valid
data and then designed a survey tool for preservice mathematics
teachers. Descriptive statistics were carried out on the data of
both in-service and preservice mathematics teachers, and the
similarities and differences between the teachers were compared.
The researchers then performed inferential statistics to arrive
at more general conclusions. This study used SPSS 22.0 and
AMOS 22.0 to process the data. AMOS 22.0 was used to build
a structural equation model for understanding mathematical
problem solving and its teaching. The maximum likelihood
method was used to estimate the model.

Research tools

Beliefs are part of the affective domain of an individual
that influences the learning process (Manderfeld and Siller,
2019). Understanding young students’ emotional factors and
beliefs about mathematics is a complex task (Giaconi et al,
2016), as is understanding teachers’ perceptions of mathematical
problem solving and its teaching. Many research frameworks
have been built on mathematical beliefs (Hannula, 2011,
2012). The teaching beliefs of mathematics teachers refer to
their orientations toward teaching mathematics, which involve
perspectives regarding instructional activities, the cognitive
processes of students, and the purpose of mathematics (Wang
et al, 2022). Currently, the transmissive and constructive
taxonomy of teaching beliefs is commonly used in existing
such as TEDS-M
(Blomeke and Kaiser, 2014). Unfortunately, the framework for

studies and international assessments,

teachers’ perception of problem solving and its teaching is
relatively rare.

In this research, understanding mathematical problem
solving and its teaching refers to the knowledge and essential
viewpoints about mathematical problem solving and its
teaching. It is the overall reflection of individual minds
on mathematical problem solving and teaching. This study
characterizes preservice mathematics teachers’ cognition of
mathematical problem solving and its teaching from three
aspects: overall impression of mathematical problem solving,
specialized knowledge, and teaching perspective. In particular,
impression is the perceptual image of problem solving in
the individual’s mind, specialized knowledge refers to the
individual’s rational understanding of problem solving, and
teaching perspective is the attitude and orientation of problem
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solving teaching. The preparation of measurement items is
mainly based on students’ typical mathematical beliefs and
Polya’s theories on mathematical problem solving and teaching
(Polya, 1945). It is refined and synthesized according to research
needs.

Designing a questionnaire means creating valid and reliable
questions that address the research objectives, placing them
in proper order, and selecting an appropriate administration
method. The design of the corresponding measurement items
is mainly based on the five-factor cognitive framework of
Schoenfeld and is refined and synthesized according to research
needs (Schoenfeld, 2016). For example, the five items s8-s12
in the measurement tool correspond to Schoenfeld’s five-factor
cognitive framework for mathematical problem solving (the
coding and content of the item will be mentioned below).
Typical mathematical beliefs held by some of the students
mentioned by Schoenfeld above are shown in Table 1, and these
beliefs are imperfect.

Take the teaching viewpoint of mathematical problem
solving as an example. Two items are set up to reflect the
orientation of preservice mathematics teachers to the teaching
of mathematical problem solving. The two items are “Problem
solving requires independent thinking; try not to let students
discuss with one another” and “Teaching students to solve
problems is to tell students the solution.” Since problem
solving requires independent thinking, cooperative learning
promotes problem solving (teaching). Teaching students to
solve problems introduces students to problem solving and
inspires them to think. The formulation of the above two items
is not considered the correct understanding.

Each item is set on a five-point Likert scale: strongly
disagree, disagree, neutral, agree, strongly agree. There are
positive and negative items. The score is based on the
correctness of the options. Each option is assigned the order of
1,2, 3,4, 5, and each option of the reverse item is given the order

TABLE 1 Typical student beliefs about the nature of mathematics
(Schoenfeld, 1992).

Code Belief

1 Mathematical problems have one and only one correct answer.

2 There is only one correct way to solve any mathematical
problem—usually the rule the teacher has most recently
demonstrated to the class.

3 Ordinary students cannot expect to understand mathematics
because they wish to memorize it and apply what they have learned
mechanically but without understanding.

4 Mathematics is a solitary activity done by individuals in isolation.

5 Students who have understood the mathematics they have studied
will be able to solve any assigned problem in five minutes or less.

6 The mathematics learned in school has little or nothing to do with
the real world.

7 The formal proof is irrelevant to the processes of discovery or

invention.
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of 5, 4, 3, 2, 1. The options of the positive item are assigned as
1,2, 3, 4, and 5 in turn, and the options of the negative item are
designated as 5, 4, 3, 2, and 1. The higher the score, the higher the
understanding of mathematical problem solving and teaching.
Of course, the so-called correct refers to the point of view with a
specific basis, in line with the primary trend.

The entire measurement questionnaire initially included
20 measurement items, and after expert judgment removed 8
duplicate items, the final questionnaire consisted of 12 items.
The minimum score of the questionnaire is 12 points and the
maximum is 60 points. Considering the characteristics of the
five-point-option Likert scale, to better analyze the data, the
cognitive level is divided into four grades according to the score,
of which 48-60 is graded A, 36-47 is graded B, 24-35 is graded
C, and 12-23 is graded D.

According to the score characteristics, the researchers set B
and above as the qualification level to present results clearly,
with A set as an excellent level. Table 2 shows the number
of measurement items and the coding of the three secondary
indicators of understanding mathematical problem solving and
its teaching.

The items of the entire questionnaire are as follows:

e sl. Problems in problem solving refer to the exercises
in textbooks, which generally have conventional and
mechanized solutions.
A. Strongly disagree C. Neutral

D. Agree

e s2. Problem solving is calculating the result according to the

B. Disagree
E. Strongly agree

conventional algorithm.
A. Strongly disagree C. Neutral
D. Agree

e s3. The four problem solving stages are understanding

B. Disagree
E. Strongly agree

the problem, making a plan, implementing the plan, and
reviewing. After getting the correct answer, you don’t have
to spend too much time on the retrospective stage.

A. Strongly disagree C. Neutral
D. Agree

e s4. Problem solving is a skill that has little meaning after a

B. Disagree
E. Strongly agree

student graduates.
A. Strongly disagree C. Neutral
D. Agree

e s5. Problem solving requires independent thinking; try not

B. Disagree
E. Strongly agree

to let students discuss with one another.
A. Strongly disagree C. Neutral
D. Agree

e s6. Teaching students to solve problems is to teach students

B. Disagree
E. Strongly agree

ready-made solutions.

A. Strongly disagree B. Disagree C. Neutral
D. Agree E. Strongly agree
e s7. Problem solving generally requires mobilizing

mathematical thinking methods through exploration,
association, and reasoning.
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A. Strongly disagree C. Neutral
D. Agree

e s8. A good problem solver must have a good knowledge

B. Disagree
E. Strongly agree

structure.
A. Strongly disagree C. Neutral
D. Agree

e s9. Emotional attitudes have an important impact on

B. Disagree
E. Strongly agree

problem solving.
A. Strongly disagree C. Neutral
D. Agree

e 510. Excellent problem solvers can constantly adjust their

B. Disagree
E. Strongly agree

thinking to solve problems.
A. Strongly disagree C. Neutral
D. Agree

e sll. Good problem solvers use heuristics well and

B. Disagree
E. Strongly agree

experiment with different strategies.
A. Strongly disagree C. Neutral
D. Agree

e s12. Excellent problem solvers have a good sense of

B. Disagree
E. Strongly agree

experience.
A. Strongly disagree C. Neutral

D. Agree

B. Disagree
E. Strongly agree

Results
Reliability and validity

The cognitive questionnaire for mathematical problem
solving and teaching is based on literature, and its content
validity has been discussed above. A total of 203 questionnaires
were returned, of which 199 were valid questionnaires. Since
the questionnaire has 12 items, the ratio of the number of
valid questionnaires returned to the number of items in the
questionnaire exceeds 10:1, which can ensure the validity of the
model significance test (Jiang et al,, 2022).

The Cronbach’s alpha coefficient of the questionnaire
is 0.770. The internal consistency is good because the
questionnaire has only 12 items. The KMO value of the
questionnaire is 0.798, which makes it suitable for factor
analysis. From Table 3, the average score for the test teachers
(199 mathematics teachers) is 47.73; they are in the B class
but very close to the A class. Their intermediate perception of
problem solving and teaching is above passable and very close to

TABLE 2 Problem solving and its teaching cognition
measurement framework.

Target Indicators Number of items Code
Cognition Overall impression 4 sl, s2, 83, s4
Specialized 6 s7, 88,89, s10, s11, s12
knowledge
Teaching perspective 2 s5, s6
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TABLE 3 Basic statistics for the recognition of in-service teachers.

Statistics Value
Average 47.73
Median 48.00
Standard deviation 5.356
Minimum 33
Max 60
Upper quartile 51.00
Lower quartile 45.00

good. Their minimum score is 33 (C), a failing knowledge level.
Their highest score is 60, with a standard deviation of 5.356. The
upper quartile is 51, the median is 48, and the lower quartile is
45. The perceptions of problem solving and teaching of half of
the teachers reached an excellent level, and the understanding of
problem solving and teaching of more than 75% of the teachers
was above the qualified group.

Figure 1 illustrates the frequency distribution of scores,
which is approximately an inverted bell. The distribution of
scores reflects the characteristics of a normal distribution,
and most scored between 43-53. Although the views of in-
service mathematics teachers are not necessarily correct, their
knowledge of problem solving and its teaching is considered
representative. Their views can represent mathematics teachers’
relatively proper understanding of problem solving and its
teaching. The data of the test teachers provide a reference
standard for problem solving and their teaching knowledge
level, which can be compared with the subsequent analysis of
preservice mathematics teachers.

The chi-square value of the original model after
modification is 45.185, and the significance probability
value is p = 0.589 > 0.05. The model is in good agreement with
the sample data. Among them, RMR value is 0.027 < 0.050,
GFI value is 0.966 > 0.900, AGFI value is 0.944 > 0.900, PGFI
value is 0.594 > 0.500, and NFI value, RFI value, IFI value, TLI
value and CFI value are all greater than 0.900. Therefore, the
model is adapted.

Since factor loadings in the range of 0.30-0.40 are
considered to meet the minimum requirements for explanatory
structure (Hair et al,, 2009), as shown in Figure 2, most factor
loadings in the model are higher than 0.50. In addition, only
four factor loading values are lower than 0.50 but higher than
0.40. Although factor loading values greater than 0.50 are
generally considered to be of practical significance, the factor
loading values of this model all reached the acceptable minimum
requirements.

In the above model, the correlation between errors has
practical significance because there is a correlation between the
corresponding items. Routine and mechanics in item s1 have
the same meaning as the regular algorithm in item s2, though
the former emphasizes what a problem is. By contrast, the latter
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emphasizes problem solving, but the two are related. Items s3
and s4 are mainly related in that these two viewpoints are refuted
by Polya, the founder of mathematical problem solving theory.
The two viewpoints often appear simultaneously and are widely
known. The correlation between items s9 and s12 is mainly
reflected in their emphasis on non-intellectual factors.

In this study, the questionnaire survey data of 127 problem
solving experts were added to the original data of 199 in-
service primary and secondary school teachers. These data
were obtained through questionnaires initiated by the national
middle school mathematics competition coaches on WeChat
and QQ groups. This study conducted a confirmatory factor
analysis on the questionnaire based on these 326 data.

The results showed that the Cronbach’s alpha coefficient of
the questionnaire is 0.757, and the reliability of the questionnaire
is acceptable. The KMO value of the questionnaire is 0.810,
and the questionnaire has good structural validity. The chi-
square value of model fit obtained by maximum likelihood
estimation is 63.277, and with the significance probability value
p = 0.069 > 0.05, the model works the sample data. On the
indicators of model adaptation, RMR value is 0.027 < 0.050, GFI
value is 0.969 > 0.900, AGFI value is 0.949 > 0.900, PGFI value is
0.596 > 0.500, and NFI value (0.947), RFI value (0.928), IFI value
(0.987), TLI value (0.982), and CFI value (0.987) are all greater
than 0.900. Thus, all values meet the standard of model fitting.

Except for two factor loading values in the model
lower than 0.5 (0.42 and 0.45), the other factor loading
values are not lower than 0.5, thus meeting the minimum
model adaptation requirements. Overall, the questionnaire has
acceptable reliability, content validity, and construct validity and
can be used to investigate the level of problem solving and
teaching knowledge among preservice mathematics teachers.

The above 199 in-service primary and secondary school
teachers represent general primary and secondary school
mathematics teachers as well. Their data provide a reference
standard for mathematical problem solving and teaching
cognition for this study.

The single-sample Kolmogorov-Smirnov normality test of
the scores of each item and the total score of the 199 middle
school teachers in the test are shown in Table 4. The distribution
of the scores of each item and the total score of the test teachers
does not obey the normal distribution. The subsequent test of
the score should use a non-parametric test.

Table 5 presents the cognition of the in-service teachers. The
following “more than half” (coded as D) means the proportion is
in the interval [50%, 60%), “majority” (coded as C) indicates the
ratio is in the interval [60%, 75%), “most” (coded as B) means the
proportion is in the range [75%, 90%), and “almost all” (coded
as A) represents the proportion is in the interval [90%, 100%).

For items sl, s2, s3, s5, and s6, the majority of the test
teachers reached the correct understanding level; for items
s4, 9, and s12, most of the test teachers reached the right
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Bar graph of in-service teacher scores.

understanding level; and for items s7, s8, s10, and s11, almost
all teachers tested reached the level of proper cognition.

Descriptive analysis

Twenty-six questionnaires were sent out in this study and
26 were returned. Therefore, all 26 were valid questionnaires.
Recovered data were coded and analyzed using SPSS22. The
Cronbach’s alpha coefficient of the questionnaire is 0.741, and
considering that the questionnaire only had 12 items, the
reliability of the questionnaire is acceptable. The average score
of the participants is 48.08 points. The intermediate of the
participants’ cognition of mathematical problem solving and
teaching reached a reasonable level. The lowest score is 32,
highest is 54, standard deviation is 4.30, upper quartile is 51,
median is 48, and lower quartile is 47. Half of the participants
understood mathematical problem solving and teaching well.
More than 75% of the participants have an understanding
above the qualified level and close to the excellent level. One
participant has a cognition score of 32, which is not in the
qualifying group.

It can be seen from Table 6 that most preservice
mathematics teachers have a correct understanding of items sl,
s2, $3, s5, s6, s8, and s12. Almost all preservice mathematics
teachers have reached the right understanding level for s4, s7,
$9, s10, and s11.
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The specific options for preservice mathematics teachers
are shown in Table 7, which presents their views on each
item. Most participants favor collaborative problem solving and
believe that teaching students to solve problems is not just
about giving them solutions. Most participants felt that common
practice problems in textbooks have a different meaning than
mathematical problems and that problem solving is not the
process of practicing regular algorithms. They attach great
importance to the role of problem solving retrospectives and
believe that retrospectives are a crucial stage of problem solving.
They think that a good knowledge structure is an essential
foundation for problem solving and that proper problem solving
exercises are necessary. Almost all participants believe that
the problem solving process requires mathematical thinking
and logical methods and that strategies are crucial in the
mathematical problem solving process. They pay attention to
emotion and attitude in problem solving, affirm the critical role
of metacognitive monitoring and regulation in problem solving,
and believe that problem solving skills still have value after
graduation.

Difference analysis

The skewness of preservice mathematics teachers (—2.19)
was higher than that of in-service mathematics teachers (—0.23),
and their scores were skewed to the left. Their average score
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Cognitive model of problem solving and its teaching.
TABLE 4 One-sample Kolmogorov—Smirnov normality test.
sl s2 s3 s4 s5 s6 s7 s8 S9 s10 s11 s12 Total
p 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.005
Slg * * * * * * * * * * * * *
*Significant at the 0.05 level (two-tailed).
TABLE 5 Cognition of in-service teachers.
sl s2 s3 s4 s5 s6 s7 s8 s9 s10 sl1 s12
Cognition (%) 64.3 60.8 70.2 83.4 60.8 60.8 94.5 93.0 82.4 97.5 98.0 84.0
Code C C C B C C A A B A A B
(48.08) was slightly higher than that of in-service mathematics mathematics teachers. The maximum score of the preservice
teachers (47.73). Their overall awareness of mathematical mathematics teachers (54) was lower than that of the in-service
problem solving and teaching was higher than that of in-service mathematics teachers (60), and their minimum score (32) was
Frontiers in Psychology frontiersin.org
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TABLE 6 Cognition of preservice mathematics teachers.

10.3389/fpsyg.2022.998586

sl s2 s3 s4 s5 s6 s7 s8 s9 s10 s11 s12
Percentage 80.7 88.5 84.6 92.3 65.3 69.2 923 88.4 98.3 96.2 100 88.4
Code B B B A C A B A A A B
TABLE 7 Percentage of specific options for preservice mathematics teachers (%).
sl s2 s3 s4 s5 s6 s7 s8 s9 s10 s11 s12
Strongly Agree 3.8 0.0 0.0 0.0 3.8 7.7 11.5 34.6 19.2 34.6 26.9 11.5
Agree 3.8 3.8 3.8 3.8 7.7 11.5 80.8 53.8 73.1 61.5 73.1 76.9
Neutral 11.5 7.7 11.5 3.8 23.1 11.5 3.8 7.7 7.7 3.8 0.0 1.5
Disagree 69.2 80.8 65.4 42.3 61.5 57.7 3.8 3.8 0.0 0.0 0.0 0.0
Strongly Disagree 11.5 7.7 19.2 50.0 3.8 11.5 0.0 0.0 0.0 0.0 0.0 0.0
TABLE 8 Non-parametric independent samples tests (Mann—Whitney U test).
sl s2 s3 s4 s5 s6 s7 s8 s9 s10 s11 s12 Total
P 0.484 0.066 0.101 0.030 0.790 0.857 0.019 0.414 0.412 0.040 0.008 0.211 0.316
* * * *

Sig.

*Significant at the 0.05 level (two-tailed).

lower than that of the test teachers (33). Still, their scores
were less volatile (standard deviation: 4.30 < 5.36). Preservice
mathematics teachers (51.00, 48.00) were the same as in-service
mathematics teachers (51.00, 48.00) in the upper quartile and
median scores. However, in the lower quartile, their scores
(47.00) were slightly higher than those of in-service mathematics
teachers (45.00). Preservice mathematics teachers had a slightly
better distribution of scores.

In the scores and total scores of sl, s2, s3, s4, and
s9, preservice mathematics teachers were higher than in-
service mathematics teachers. They scored lower than in-service
mathematics teachers on other items. The scores of each
item of preservice and in-service mathematics teachers were
concentrated around 4 points. The scores of each item of in-
service mathematics teachers were concentrated explicitly in 2,
3, 4, and 5. By contrast, the scores of each item of preservice
mathematics teachers were concentrated explicitly in 3, 4, and
5 points. It can also be seen that the distribution of preservice
mathematics teachers’ scores was good.

The distribution of preservice mathematics teachers” scores
did not meet the normality requirement (Kolmogorov-Smirnov
normality test, p = 0.00 < 0.05). To describe the differences
in cognitive level between the subjects and the test teachers in
more detail, a non-parametric independent sample test (Mann-
Whitney U rank-sum test) was used to analyze the issues. The
score distribution of the teacher was tested, and the results are
shown in Table 8. Asymptotic significance (two-tailed) is shown
in the table at a significance level of 0.05.

There was no statistically significant difference in total
scores between preservice and in-service mathematics teachers
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(p = 0.316 > 0.05). Their scores for sl, s2, s3, s5, s6, s8,
9, and s12 were not significantly different (p = 0.484, 0.066,
0.101, 0.790, 0.857, 0.414, 0.412, 0.211). There were significant
differences in their scores for s4, s7, s10, and s11 (p = 0.030,
0.019, 0.040, 0.008).

On item s4, “Problem solving is a skill of little significance
after students graduate,” preservice teachers scored significantly
higher than did in-service teachers. They were more convinced
that problem solving skills still work after graduation.

On item s7, “Problem solving generally requires mobilizing
mathematical thinking methods to go through the process
of exploration, association, and reasoning,’ the scores of
preservice teachers were significantly lower than those of
in-service teachers, and preservice teachers failed to fully
realize that mathematical problem solving is multi-dimensional
mathematical thinking that requires the participation in
exploration and inquiry. On item s10, “Excellent problem
solvers can constantly adjust their thinking to solve problems,”
preservice teachers scored significantly lower than did in-
service teachers. They did not fully recognize the metacognitive
monitoring and regulating effect of mathematical problem
solving. On item s11, “Excellent problem solvers use heuristics
well and experiment with different strategies,” preservice
teachers scored significantly lower than did in-service teachers
on their awareness of the use of heuristics and strategies in
problem solving.

There was no significant difference between preservice
and in-service teachers in their knowledge of mathematical
problem solving and its teaching. Still, preservice teachers
scored slightly higher on average. Preservice teachers are
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more aware that problem solving skills are still valid after
graduation. At the same time, they know that they need
to participate in mathematical thinking, actively explore,
mobilize corresponding strategies, and apply metacognitive
monitoring and adjustment in mathematical problem solving
and its teaching.

Discussion

First, this study builds a research framework, develops
research tools based on existing literature, and tests the
reliability and validity of the research framework and research
tools. The researchers then use the developed research tools
to investigate the mathematical problem solving and teaching
perceptions of preservice mathematics teachers and compare
the survey results with those of in-service teachers. Finally, the
researchers discuss the data results.

Preservice mathematics teachers recognize that problem
solving skills are transferable and remain helpful after they
graduate. They believe that solving problems requires a process
of exploration and effort and fully affirm the importance of
emotional attitude in problem solving. They think good problem
solvers can constantly adjust their thinking and direction to
solve problems as well as use heuristics and other strategies.
Problem solving training for preservice mathematics teachers is
the core content of mathematics teacher education (dos Santos
Morais, 2020). This idea may benefit the good mathematical
problem solving and teaching knowledge of preservice teachers.
Preservice teachers have positive beliefs about solving math
problems, and their views are consistent with the current
movement for reform in mathematics education (Kayan
Fadlelmula and Cakiroglu, 2008). At the same time, the
lack of awareness displayed by in-service teachers relative to
preservice mathematics teachers means they need on-the-job
training to avoid getting lost in their teaching practice. Some
research results point out that some in-service teachers have
an insuflicient understanding of mathematics teaching, which
negatively impact their mathematics teaching (Setoromo and
Hadebe-Ndlovu, 2020). The behaviors and attitudes of teachers
toward teaching and learning and their knowledge base are the
results of the influence of on-the-job training (Ramatlapana,
2009). The participation of in-service teachers in training
can facilitate their communication with their peers, help
them obtain new information, and update their understanding
(Izci and Goktas, 2017). Teacher educators can improve the
effectiveness of in-service teacher training by teaching content
knowledge orientation and stimulating collaboration among
teachers (Selter et al., 2015).

Preservice mathematics teachers also understand the
meaning of problems and problem solving, the importance
of problem solving review, knowledge structure, and practical
problem experience. They recognize the importance of
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independent thinking for problem solving but ignore the value
of collaborative problem solving. Compared with in-service
teachers, some preservice teachers think that teaching students
to solve problems equates to telling students ready-made
solutions. However, as Polya advises mathematics teachers,
the best way for students to learn mathematics is to discover
it independently (Polya, 1945). Preservice teachers must focus
more on the initiative and creativity of students and put them
at the center (Polya, 2002b). Many teachers are usually in
the early stages of their careers, teaching in ways that are not
consistent with their beliefs about teaching (Beswick, 2012).
If they want to connect belief to practice, then they need to
think about practice (Schoenfeld, 2003). They can change their
beliefs about mathematics and its teaching by focusing on how
students learn and think about mathematics (Hough et al,
2006). Teachers obtain knowledge by reflecting on the goal
accomplishment, learning process, and thinking approach of the
students; the efficiency of media; and the recommendation of
experts (Sudejamnong et al.,, 2014). Hence, preservice teachers
need to acquire further knowledge in teaching practice. It is
not enough that they know what to do but do not know why.
Preservice mathematics teachers need to understand the nature
of educational philosophy.

Research indicates that many preservice teachers show
anxiety about teaching mathematics (Steele et al., 2013) and that
teacher training programs have little effect on their beliefs (Dede
and Karakus, 2014). However, the results of the current study
show no significant difference between preservice and in-service
mathematics teachers in their mathematical problem solving
and teaching knowledge. Preservice teachers are more confident
of the transfer value of problem solving ability, while in-service
teachers are more confident that problem solving requires
exploration and continuous thinking. According to Polya
(2002), the founder of the problem solving theory, teaching
students to solve problems introduces them to thinking.
The problem solving process is a constant thinking process.
Preservice teachers may need to experience more problem
solving practices and problem solving teaching practices to
appreciate this concept more deeply. They should have the
opportunity in their studies to solve (and pose) appropriate
problems of similar—sometimes also more demanding—types
they use as a teacher later on at school (Zimmermann, 2016).
The education and professional development of preservice
mathematics teachers span diverse backgrounds, each of which
legitimizes different perspectives on mathematics teaching
(Ramdhany et al,, 2018). Learning by experience is of essential
importance in everyday life and the academic field (Fritzlar,
2016). Preservice mathematics teachers need to learn in practice
and summarize their experiences independently.

The cognitive framework for mathematical problem
solving and its teaching proposed in this paper is valid. Its
reliability and validity have been tested and can be used for
research. The findings provide a framework for studying
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preservice mathematics teachers’ understanding of problem
solving and its teaching. The research results confirm that
preservice mathematics teachers understand mathematical
problem solving and teaching well. Furthermore, knowing
the similarities and differences in understanding between
preservice and post-service teachers will help train preservice
mathematics teachers better. The findings of this study confirm
that the education of preservice mathematics teachers in China,
especially at the postgraduate level, is effective in the perception
of problem solving teaching (Li et al., 2008). At the same time,
the education of preservice teachers should strengthen teaching
practices to increase their experience in dealing with practical
teaching problems. Every study has its limitations, and this
research is no exception. Specifically, the research framework
is too simple, the items do not involve an understanding of
ICT, the number of items in the questionnaire is too small, and
the sample is from only one provincial key normal university.
Therefore, the conclusions of this study are not generally
applicable. Scientific and careful sampling can minimize the
bias caused by selection (Walters, 2021). In addition, teachers
with different levels of professional knowledge have different
pedagogical focuses on the functions and beliefs of mathematics
and demonstrate different teaching methods (Zhang, 2022).
Drawing implications for educational practice from the
comparison of preservice and in-service mathematics teacher
in this study is not straightforward. Future studies should
design a richer and more in-depth research framework, design
survey tools with higher reliability and validity, and adopt more
scientific sampling methods.

Conclusion

Compared with in-service mathematics teachers, preservice
mathematics teachers pursuing postgraduate studies have a
good understanding of mathematical problem solving and
its teaching. Preservice and in-service teachers share much
of the same cognition toward mathematical problem solving
and its teaching. From the situation of 26 preservice
mathematics teachers, it is believed that the training of
China’s postgraduate-level preservice mathematics teachers has
been successful. The difference is that preservice teachers
acquire this knowledge through school learning while in-
service teachers form more understanding through teaching
practice. Moreover, the post-employment knowledge of in-
service teachers may cover some of the correct knowledge when
they were preservice teachers, which means that on-the-job
training throughout their entire career is essential. Preservice
mathematics teachers develop well in the cognition that can
be established through theoretical study but are insufficient
in the knowledge that can only be found through practice.
Therefore, more practical opportunities must be created for
them. These opportunities to practice include educational
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traineeships and internships but should not be limited to this,
extending toward, for example, consideration of the learning
opportunities ICT provides.
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Enhancement of the teacher well-being level has grown into a general,
pressing problem to be solved in the domain of education worldwide.
Based on the theoretical perspective of the multi-level dynamically formed
mechanical model of occupational well-being, this study initially constructed
a mechanism model with the occupational well-being role of organizational
support, job crafting, and the occupational well-being of new math teachers
at primary and junior high schools, and conducted empirical research
using structural equation modeling. The study found out that organizational
support, job crafting and basic psychological needs have prominent and
positive effects on the occupational well-being of the new math teachers in
primary up to junior high schools. It also argues that basic psychological needs
may mediate the correlation between organizational support, job crafting,
and the occupational well-being of the new math teachers. To sum up, the
study findings reveal the mechanisms of the role in organizational support
and job crafting on the occupational well-being of new primary up to junior
high school math teachers. Also, the findings may be conducive to extending
the research on the factors that influence the teacher well-being, notably
fostering the study on that in the math teachers in the primary up to junior
high schools of China.

mathematics teachers, occupational well-being, structural equation modeling,
organizational support, job crafting, basic psychological needs
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Introduction

Well-being is an ideal state of people’s psychological
functioning and experience (Ryan and Deci, 2001). Teacher
well-being is a response of teachers to their occupation and
career from the cognitive, emotional, health, and social aspects
(Organization for Economic Co-operation and Development
[OECD], 2020), as well as the driving force for development
and progress of the teaching community and educational
organizations as large (Li and Lu, 2020). The well-being of
teachers by profession is first included as a crucial part of
the PISA2021 math framework in the OECD report, Teachers’
Well-being: A Framework for Data Collection and Analysis
(Organization for Economic Co-operation and Development
[OECD], 2020). China (2018) has also promulgated the
Opinions of the State Council of the Central Committee of
the Communist Party of China on Comprehensively Deepening
the Reform with the Teachers in the New Era. The country
also proposes that “by 2035, the teachers nationwide will
enjoy the well-being at the teaching positions, achievements
in the cause, and honors amid the society, as an admirable
profession”. Although there are more countries realizing the
essential value of the teacher well-being (Selwyn and Riley,
2015; McCallum et al., 2017; AsiaSociety, 2018; UnitedKingdom,
2018), the teacher well-being at primary and junior high schools
generally remains low (Schleicher, 2018) and has led to high
teacher-drain rate (Collie and Martin, 2017), serious teacher-
shortage (Schleicher, 2018) and little teacher-attractiveness
(UnitedKingdom, 2018) at the schools. Relevant statistics
indicates that approximately 30% of primary and junior high
school teachers in the United States quit within 5 years after
their university graduation and the teaching job placement
(McCallum et al,, 2017); 13 European Union countries are
already facing a severe shortage of primary and junior high
school teachers (Organization for Economic Co-operation and
Development [OECD], 2020); and less than 10% of primary
and junior high school teachers in France, Spain and Sweden
retain their teaching profession as meritorious and meaningful
(Organization for Economic Co-operation and Development
[OECD], 2019). These figures showcase an increasingly serious
problem of low occupational well-being for primary and junior
high school teachers (Schleicher, 2018), and raising the teacher
well-being has grown into a common, urgent issue in the
educational domain worldwide (Aldrup et al., 2018; Braun et al,,
2019; Holzberger et al., 2021). Therefore, it is of great pragmatic
significance to explore in depth the influencing factors and their
role mechanisms with the occupational well-being of primary
and junior high school teachers.

A review of the existing literature reveals that researchers
also analyze the factors influencing the teacher well-being from
different perspectives. In his study, Warr (1994) finds in his
study that the teacher well-being may be affected by age and
teaching experience and illustrates a U-shaped curve relevant to
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the two factors. Mattern and Bauer (2014) also see that rational
self-planning could enhance the teacher well-being conquest to
some extent. Moe (2016b) confirmed that harmonious passion
and teachers enthusiastic, have been found to relate with teacher
well-being (Buri¢ and Moe, 2020). It has been proved that when
teachers experience wellbeing they are also more motivated
(Klusmann et al., 2008; Moe¢, 2016a; Shoshani and Eldor,
2016). Positive organizational psychology is becoming a heated
topic in the study of factors influencing the occupational well-
being of primary and junior high school teachers (Schleicher,
2018). Organizational support has received increasing attention
as a critical driver of the teacher well-being (Lauermann
and Konig, 2016), promoting the teacher identity, forming
positive perceptions and eventually, enhancing the teacher well-
being (Wang and Xu, 2008). Different perception levels of
the organizational support are related to whether teachers can
achieve their psychological satisfaction, which further affects
the teacher well-being (Wang and Xu, 2008). Some other
researchers focus on the positive role of the organizational
support perception in job crafting (Kim et al, 2018). This
is believed to have broken through the traditional top-down
model designed by the school management for primary and
junior high school teachers. Job crafting may enhance their
sense of belonging and identity at the schools and in turn,
heighten their occupational well-being (Wei et al, 2018). In
addition, some researchers discovered that the higher the level
of satisfaction of an individual’s basic psychological needs is,
the more happiness he or she will experience (Wu et al,
2018), and teacher psychological need satisfaction is considered
a possible mediator (Moe¢ and Katz, 2020). Teachers need
satisfaction is linked with reappraisal, which is related to the
autonomy supportive (Moe¢ and Katz, 2021). In recent years, in
attempt to explore the multivariate interaction factors affecting
the occupational well-being of primary and junior high school
teachers, some researchers have observed a significant, positive
correlation between the sense of organizational support plus job
crafting and the subjective occupational success in the school
teachers (Zhao and Li, 2019), of which, occupational well-
being is deemed to be the main expression form of subjective
occupational success (Spurk et al., 2019). Based on the aforesaid
studies on the well-being of primary and junior high school
teachers, researchers would combine organizational support
with job crafting. Then, how do organizational support and
job crafting affect the occupational well-being of primary and
junior high school teachers? What is the role mechanism of
basic psychological needs in organizational support, job crafting,
and teachers’ perceptions of their occupational well-being? It is
worthwhile to explore these questions in depth.

Literature review as mentioned earlier facilitates applicable
exploration for further study on the teacher well-being at
primary and junior high schools. However, the existing studies
have not yet fully explained the above issues and still leave room
for the following study areas.
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Firstly, there is a disconnect with each other between the
study on organizational support’s facilitation of the teacher
well-being and that on the job crafting for the same purpose,
with a lack of study on the relationship among the studies
on organizational support, job crafting, basic psychological
needs, and the teacher well-being, as well as their specific role
mechanisms. Some researchers argue that basic psychological
needs is a fundamental entry point for the study on the
correlation between job crafting and the teacher well-being
(Wang et al,, 2020), there are still very few studies that introduce
basic psychological needs as an intermediate variable to the
study on the correlation among organizational support, job
crafting, and the teacher well-being.

Secondly, Chinese primary and junior high school teachers
also face low levels of the teacher well-being, for which some
researchers have analyzed the factors influencing the teacher
well-being (Zeng et al., 2021). However, still there is a lack of
empirical study on the well-being in the Chinese context.

Thirdly, relevant statistics show that new teachers have
relatively low occupational well-being (McCallum and Price,
2010). However, few studies on the teacher well-being have
been conducted so far with new teachers at primary and junior
high schools. Moreover, there are even much fewer studies
focusing on the particular group of teachers of a specific subject
at primary and junior high schools (McCallum et al., 2017).
Besides, some researchers have also noticed the relatively low
happiness of math teachers (Organization for Economic Co-
operation and Development [OECD], 2020). Therefore, the
study on the well-being of new math teachers is very important.

The contributions of this manuscript are presented in four
aspects. First, the multi-level dynamic formation mechanism
model of occupational well-being suggests that organizational
practices and characteristics have a direct positive influence on
occupational well-being, indirectly affecting the well-being by
person-environment fit and achieving the well-being through
the satisfaction of basic psychological needs. This study intends
to explore the correlation between organizational support,
job crafting, and the teacher well-being from a multi-level
dynamic formation mechanism model of occupational well-
being. Second, this study also proposes the hypothesis that basic
psychological needs has an intermediary effect on promotion
of the teacher well-being via organizational support and job
crafting. Third, by constructing a role mechanism model of
organizational support, job crafting and the teacher well-being,
an empirical study has been conducted using questionnaire data
of new math teachers at primary and junior high schools in
China. Fourth, the study expands the scope of the study on
the teacher well-being from a positive organizational behavioral
perspective, opening up new ideas for the government and
schools’ building and managing the teaching force, and
furthering the professional teacher development.

The manuscript is organized as follows. “Literature review
and hypotheses development” section presents the theoretical
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background and review the literature to develop our research
hypothesis tested in this study. Next section presents the
sample and methodology used to test the hypothesis. “Results”
section shows the empirical results, with “Discussion” section
discussing these results. Finally, conclusions are made in
section “Conclusion”.

Literature review and hypotheses
development

The organizational support and the
teacher well-being

Organizational support is the extent to which an
organization values the contribution of its employees and
cares about their well-being (Rhoades and Eisenberger, 2002),
as well as the overall perception of employees whose work
is recognized and whose well-being administered by the
employers (Eisenberger and Huntington, 1986). The school
teachers’ perceptive levels of organizational support are related
to a teacher’s willingness to work together in behavioral
solidarity and to their psychological satisfaction (Eisenberger
and Huntington, 1986). Teachers tend to be more satisfied
with their profession when they feel supported by their
institutions (Tan et al, 2007). And with job satisfaction as
a critical factor in well-being, it is clear that increased job
satisfaction can significantly enhance occupational well-being
(Hur et al, 2016). In addition, some researchers have also
found that organizational support to primary and junior high
school teachers is remarkably and positively related to various
dimensions of well-being, with a significant, positive impact
on the teacher well-being (Wang and Xu, 2008). Recently,
organizational support has been the strongest predictor of the
teacher well-being, enhancing or reducing the effectiveness
in terms of psychological capital and emotional exhaustion
(Wang et al,, 2020). Based on this, the following hypothesis is
formulated for this study:

H1: Organizational support have a remarkably positive
effect on the occupational well-being of new math teachers
at primary and junior high schools.

The job crafting and the teacher
well-being

The essence of job crafting lies in that “employees, on
their own initiative, would make bottom-up changes in the
content and methods of their work to meet their own needs
or those of their groups, for a sense of meaningfulness at
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work” (Bolino and Grant, 2016; Akkermans and Tims, 2017).
Job crafting may help improve the fit between employees and
their work environment, enabling the employees to realize their
self-worth and create more value for their workplace, thus
enhancing their well-being at work (Zhang and Parker, 2019).
Furthermore, researchers argue that ¢ job crafting may impact
positively job satisfaction (Slemp and Vella-Brodrick, 2013; Kim
et al, 2018), a significant expression of occupational well-being.
Likewise, Wei et al. (2018) argue that teachers’ own competence
in job crafting would be a key factor to enhance the teacher well-
being. Besides, it has also been suggested that there is a positive
correlation between job crafting and the employee well-being,
and that employees™ perceptions of well-being are significantly
enhanced from their proactive job redesigning behaviors (Hou
etal, 2021). Based on this, the following hypothesis is proposed
in this study.

H2: There was a significant, positive effect of job crafting on
the occupational well-being of new math teachers at primary
and junior high schools.

The mediating effect of basic
psychological needs

Basic psychological needs is derived from the self-
determination theory proposed by Deci and Ryan (2012),
which states that when people’s needs for autonomy are met,
they tend to be more actively engaged and creative in their
daily activities and be observed to exhibit the individual
well-being (Deci and Ryan, 2000). The positive correlation
between basic psychological needs and well-being has been
affirmed by several studies (Patrick et al,, 2007; Wang et al,
2015), which also conclude: the higher level of satisfaction
of basic psychological needs in individuals, the greater well-
being one may experience (Wu et al, 2018). Within the
theoretical framework for the person-environment fit, the self-
determination theory expounds the psychological mechanisms
by which the fit may affect the well-being at work, and confirms
the intermediary role of human psychological need satisfaction
(Greguras and Diefendorff, 2009; Yen, 2012; Slemp and Vella-
Brodrick, 2013).

Furthermore, organizational support helps improve basic
psychological needs (Deci et al,, 2016). Also, organizational
characteristics (e.g., organizational support) positively or
indirectly impact occupational well-being through the person-
environment fit resulting from the satisfaction of basic
psychological needs (Zou et al, 2015). In addition, some
researchers have argued that employees’ job crafting have
a positive impact on their basic psychological needs (Van
Wingerden et al, 2017). Therefore, job crafting can enable
employees to meet their psychological needs and increase their
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perception of happiness. That is, the basic psychological needs
are intermediary between job crafting and employee well-being
(Houetal, 2021). Therefore, the study intends to apply the basic
psychological requirements of primary and junior high school
teachers to the school environment (Huang, 2021), for which
the study also develops the following hypotheses:

H3: Basic psychological needs has a significant positive effect
on the occupational well-being of new math teachers at
primary and junior high schools.

H4a: Organizational support has a significant, positive effect
on basic psychological needs.

H4b: Basic psychological needs have a mediating effect
in the correlation between organizational support and the
occupational well-being of new math teachers at primary
and junior high schools.

Hb5a: Job crafting has a significant, positive effect on basic
psychological needs.

H5b: The basic psychological needs have a mediating
effect in correlation between job crafting and the
occupational well-being of new math teachers at primary
and junior high schools.

In conclusion, this study construct the theoretical model (see
Figure 1).

Methodology

Sample and data collection

In this study, we selected new math teachers at primary
and junior high schools as the subjects. Then we conducted
an online questionnaire survey in which new teachers referred
to those who had worked for no more than 3 years, according
to the existing literature (Huang, 2021). Before the actual
study, the researcher conducted a pre-survey with some new
teachers in Yunnan province of China. We revised the questions
repeatedly to constitute the formal questionnaire. We mainly
took a wide range of samples from the provinces of Yunnan,
Guizhou, Guangxi, Guangdong, and Shandong, with a total of
280 questionnaires distributed and 262 returned. As a result, 248
questionnaires were deemed valid, excluding incomplete and
invalid ones, with a correct return rate of 88.57%. The results of
the demographic analysis of the samples are shown in Table 1.
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organizational support

job crafting

FIGURE 1
The theoretical model.

TABLE 1 Composition of samples (N = 248).

basic psychologica
needs

10.3389/fpsyg.2022.961702

teacher well-being

Category Indicator Time- Rate- Category Indicator Time- Rate-
frequency frequency frequency frequeny
Gender Male 87 35.1 Age Aged 20 or 1 0.4
Female 161 64.9 Aged 21-23 66 26.6
Teaching experience <1 Year 119 48 Aged 24-26 92 37.1
1-2 Years (excl. 2Y) 28 11.3 Aged 27-30 23 9.3
2-3 Years (excl. 3Y) 16 6.5 Aged 30 or above 66 26.6
3 Years 85 34.3 Academic Under junior college 1 0.4
qualification
Professional title Not conferred 145 58.5 Junior college 24 9.7
Level-III 30 12.1 Undergraduate 222 89.5
Level-II 41 16.5 Postgraduate 1 0.4
Level-I 32 12.9 Teaching level Primary school 168 67.7
School location County/district/city 61 24.6 Junior high school 80 32.3
Village/town (ship) 187 75.4
We took all the samples from primary and junior high school scale, has been proven to have good reliability in numerous
math teachers who had just worked for 3 years or less. 34.8% of studies (Gan and Xu, 2018).
the teachers were males and 65.2% females, which conformed (2) The Job Crafting scale. The Slemp and Vella-Brodrick
with the essential criteria for this study. (2013) job crafting questionnaire was used, for example
“I will use new skills to improve my work”. The 5-point
Likert scale has undergone a rigorous process of translation
Variables and measurement and back-translation, and has been used by many other
researchers with good reliability and validity (Liu et al,
To ensure the reliability and validity of the measurement 2019).
instrument, this study intends to apply, as far as possible, well- (3) The basic psychological needs scale. The Chinese version
established scales in the existing literature, with appropriate of the Basic Psychological Needs Scale in use was proposed
modifications for the purpose of the measurement questions. by Liu et al. (2013). This scale was revised, following a large
Four types of variable scales are stated as follows: number of sampling measurements based on the Gagne
Basic Psychological Needs Scale (Gagne, 2003). The revised
(1) The Organizational Support scale. This study measured scale uses the 5-point Likert scale, and has been verified by
the support mainly using the Organizational Support Scale researchers for reliability and validity (Zhang et al., 2017).
developed by Ling et al. (2006) and Tang (2018), which (4) The teacher well-being scale. The Organization for

is found suitable for Chinese primary and junior high
school teachers. The scale, which adopts the 5-point Likert
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in the PISA2021 mathematics framework, providing a
holistic, systematic, universally suitable, and scientific
conceptual framework and question items for measuring
the teacher well-being. Following a rigorous translation
and back-translation process, the scale was appropriately
adapted and utilized as the teacher well-being scale for this
study.

Results

Tests of reliability and validity

SPSS 26.0 was applied to examine the reliability and
validity of the scales in this study. The Cronbach’s coefficient
alpha values for all constructs were more significant than the
benchmark value of 0.8 (see Table 2), and the deletion of
any of the items might not significantly increase the alpha
value, which indicates good internal consistency of the questions
measured within a single dimension (Nunnally, 1978). The
Cronbach’a value of the entire scale in this manuscript reads
0.954 suggesting a high overall reliability.

This study used more mature scales from home and abroad
and conducted a pre-survey before the formal distribution of
the questionnaire, with the question types revised repeatedly to
ensure the accuracy of the questionnaire. This study explored
both convergent validity and discriminant validity. Concurrent
validity measures whether different items in a scale can reflect
the same latent variable and is judged with two indicators:
compositional reliability (CR) and average variance extracted
(AVE). The judgment criterion, which had been proposed by
Fornell and Larcker (1981), was put in use. At CR value of
0.7 or above, the consistency is measured higher, and the value
is deemed better. And at an average variance extracted (AVE)
of 0.5 or above, the variable has desirable convergent validity.
Table 2 shows that the CR values in this study are more
significant than the benchmark value of 0.7 and the AVE values
more remarkable than the expected value of 0.5, which indicates
that the scale was of satisfactory convergent validity.

Discriminant validity is the presence of a low correlation or
significant difference between the potential trait represented by
a variable and the trait represented by other variables, obtained

TABLE 2 Testing of reliability and convergent validity.

Variable Cronbach-« CR  AVE
Organizational support 0.951 0.953 0.742
Job crafting 0.914 0.916 0.647
Basic psychological needs 0.854 0.860 0.554
New math teachers’ well-being at 0.846 0.845 0.531

primary and junior high schools
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by the square root of the AVE and the correlation between
the other variables. In case of a greater square root of the
AVE of a variable than the correlation coeflicient between that
variable and the other variables, discriminant validity between
the variables is assessed as good. As shown in Table 3, the
AVE open root values for each measure are greater than the
correlation coefficients between that measure and the other
ones. Therefore, the measurement model is readily of good
discriminant validity.

Relevant analysis of the variables

The mean value and standard deviation of all the variables
in this study were calculated using SPSS 26.0 to work out the
correlative coefficients between the variables and obtain the
Pearson correlation coeflicient matrix (the two-tailed test) for
each variable analyzed, which is illustrated in Table 3. The
results show the significant positive correlations among the
variables of institutional support, occupational reshaping, basic
psychological needs, and the teacher well-being.

Model fit test

The model fit is the degree of consistency between the
theoretical and sample models. The model goodness of fit can
be examined using AMOS 24.0. A model fit is assessed as good
when the figure is between 0 and 3. As the good fit index GFI, the
adjusted AGFTI, relative fit index TLI, and comparative fit index
CFI exceed 0.9, the closer to 1.0 suggest a better goodness-of-fit
between the data and the model, and the greater than 0.8, is an
acceptable model. The model is assessed as a good fit given that
the variability index RMSEA is less than 0.080 (Wu, 2000).

The testing results are shown Table 4, in which = 2.401,
GFI = 0.837, AGFI = 0.800, TLI = 0.928, CFI = 0.928, and
RMSEA =0.076. Therefore, the sample model is affirmed to have
better goodness of fit.

Path analysis and hypothesis testing

Direct effect testing

Four potential variables and their respective measure items
were introduced into the set conceptual data model, and the
study hypotheses proposed in the model were tested using
the IBM SPSS AMOS 24.0 maximum likelihood estimating
approach to examining whether the hypotheses would be
supported by the parametric test structure. The final results
are presented in Table 5, in which the standardized path
coeflicient of organizational support on the occupational well-
being of new math teachers at primary and junior high schools,
B = 0218 (t = 4.870, P < 0.001), indicates a significant
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TABLE 3 Discriminant validity testing.

10.3389/fpsyg.2022.961702

Dimension Organizational  Job crafting Basic psychological New math teachers’ well-being
support needs at primary and junior high schools

Organizational support 0.861

Job crafting 0.544** 0.804

Basic psychological needs 0.679** 0.717** 0.744

New math teachers’ well-being at 0.663** 0.570** 0.655%* 0.729

primary and junior high schools

The diagonal bold figure is the arithmetic square root of AVE. **P < 0.01.

TABLE 4 Model fit indices.

Fit index X2/ df GFI AGFI TLI CFI RMSEA
Reference value <3 >0.8 >0.8 >0.9 >0.9 <0.08
Examined value 2.401 0.837 0.800 0.919 0.928 0.075

positive effect of organizational support on the teacher well-
being, by which hypothesis HI was verified; the standardized
path coeflicient of job crafting on the aforesaid new math
teacher well-being, f = 0.135 (¢t = 2.023, P < 0.05), a significant
positive effect of job crafting on the teacher well-being, by
which the hypothesis H2 was verified; the standardized path
coeflicient of basic psychological needs on the teacher well-
being, B = 0.209 (¢t = 2.530, P < 0.01), a significant positive
effect of basic psychological needs on the teacher well-being,
by which the hypothesis H3 was verified; the standardized path
coefficient of institutional support on basic psychological needs,
B =0.343 (t = 7.356, P < 0.001), a significant positive influence
of organizational support on basic psychological needs, by
which the hypothesis H4a was tested; and the standardized path
coeflicient of job crafting on basic psychological needs, p = 0.562
(t =7.645, P < 0.001), a significant positive effect of job crafting
on basic psychological needs, by which the hypothesis H5a was
verified.

Intermediary effect testing

Based on a simple correlation analysis of the variables,
this study used the structural equation modeling to provide
insight into the correlation between the variables and thus to
examine the intermediary role of basic psychological needs.
Bootstrapping was used to sample 5,000 times and 95%
confidence intervals were set to test the significance of the
mediating effect of organizational support, job crafting and
the teacher well-being. Mackinnon et al. (2004) concluded,
through experiments, that the bias-corrected method, a non-
parametric Bootstrap approach, was optimal. Therefore, only
the bias-corrected confidence intervals are reported in this
study. With reference to the results of the mediating effects test
(see Table 6), the intermediary path effect of the organizational
support to the occupational well-being of new math teachers at
primary and junior high schools was 0.138. So the mediating
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effect of basic psychological needs was significant (none of
the confidence intervals contain 0, P < 0.05), and it can be
assumed that hypothesis H4b is valid; and the intermediary path
effect value of job crafting on the teacher well-being was 0.167,
which indicates that the mediating effect of basic psychological
needs was significantly present (None of the confidence intervals
contain 0, P < 0.05), and so hypothesis H5b holds. To sum up,
basic psychological needs have a mediating effect in promotion
of the teacher well-being with organizational support and job
crafting.

After the above path analysis and hypothesis testing,
all the influential paths of the model met the criteria of
statistical significance. The specific path relationships between
the variables of organizational support, job crafting, basic
psychological needs and teachers well-being in the research
model are shown in Figure 2.

Discussion

Compared with prior research findings on the teacher well-
being, this study find that in the following three facets.

Firstly, researchers have ever applied the self-determination
theory to explain the formation mechanism of occupational
well-being (Tims and Bakker, 2010; Yen, 2012; Slemp and Vella-
Brodrick, 2013), but there are some overlapping influencing
factors on the occupational well-being, such as the interaction
with both organizational support and job crafting (Zou et al,
2015). Therefore, this study has found that organizational
support and job crafting have a direct positive effect on the
occupational well-being of new math teachers at primary and
junior high schools, which happens to be consistent with some
other researchers’ views (Wang and Xu, 2008; Wei et al,, 2018).
Unlike the previous studies, the study has also found that
organizational support and job crafting also indirectly affect
teacher well-being through a survey of basic psychological
needs. At the same time, this study intended to explore
the theory with a multi-level dynamic formation mechanism
model of occupational well-being. That may help deepen the
understanding of the factors influencing institutional backing
and occupational reshaping and thus extend the research on the
factors contributing to teacher well-being.
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TABLE 5 Path correlation testing.

10.3389/fpsyg.2022.961702

Hypothesis Path Standardized Standard t-value Significance Hypothesis
coefficient error tested
H1 Organizational support --» The teacher well-being 0.218 0.045 4.870 o YES
H2 Job crafting - -+ The teacher well-being 0.135 0.67 2.023 0.043 YES
H3 Basic psychological needs --» The teacher well-being 0.209 0.083 2.530 0.011 YES
H4a Organizational support - -+ Basic psychological needs 0.343 0.047 7.356 e YES
Hb5a Job crafting - -+ Basic psychological needs 0.562 0.074 7.645 e YES
P < 0.001.
TABLE 6 Intermediary effect testing.
Path Effect value 95% confidence intervals p
Organizational support - -+ Basic psychological needs --» The teacher well-being 0.138 [0.11,0.311] 0.035
Job crafting - -+ Basic psychological needs --+ The teacher well-being 0.167 [0.05, 0.382] 0.046
organizational support
0.343* 0.218*

job crafting

FIGURE 2

basic psychologica
needs

teacher well-being

The path relationships between the variables of organizational support, job crafting, basic psychological needs, and teachers well-being.

*P < 0.05, **P < 0.01, ***P < 0.001

Secondly, Current research on the factors influencing the
teacher well-being has focused on work stress (Yang, 2014),
psychological capital (Ning, 2017), and job autonomy (Zeng
et al, 2021), still leaving room for further studies on the
mechanisms influencing the well-being (Wang, 2019). This
study found that organizational support, job crafting, and
basic psychological needs may contribute to the occupational
well-being of new math teachers in primary and junior high
schools, with the basic psychological needs mediating effect.
These findings could fill the gap in the studies on the
factors influencing the occupational well-being of primary and
junior high school teachers (Wang, 2019), enriching those
on the antecedent variables of the teacher well-being, and
eventually, advances on the role of the mechanisms influencing
the well-being.

Thirdly, this study also takes into account such factors
as the teaching experience of the subjects (Hu and Zhou,
2014). The teacher well-being varies across teaching years and
influences different factors (Ling et al., 2016). Besides, it may
also change from country to country, in different cultural
backgrounds, even in the similar context within China, the
teachers may have different levels of well-being (Peng and Yin,
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2021). Nonetheless, quite few studies of the teacher well-being
have been made with new teachers at primary and junior high
schools (Pei and Li, 2015). Moreover, there are fewer studies
on teachers instructing a particular subject at primary and
junior high schools (McCallum et al, 2017). Therefore, this
study investigates the teacher well-being of new math teachers
at primary and junior high schools in China to further study
teacher well-being.

Conclusion

While applying the theory of multi-level dynamic formation
mechanism model of the teacher well-being, this study has
conducted an empirical investigation by the structural equation
modeling with 248 samples as new math teachers at primary and
junior high schools. A preliminary model has been constructed
for the roles of organizational support and job crafting in
affecting the occupational well-being of the new math teachers at
the schools. To this end, the study has found that the correlative
roles among the organizational support, job crafting, basic
psychological needs and occupational well-being with primary
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and junior high school teachers, and that there exists a mediating
effect of basic psychological needs with organizational support,
job crafting, and the teacher well-being.

Concerning practical implications, this study illustrates
that organizational support has a significant positive effect
on the occupational well-being of the new math teachers at
the schools. These teachers” perceptions of the school policies
and management, resource support, and humanistic care
determine whether they are able to achieve their psychological
satisfaction. Furthermore, as their reasonable requests are
met and assistance offered promptly upon encountering any
problem, the teacher well-being will also be enhanced with
higher satisfaction with their school. Therefore, schools should
establish appropriate policies to support their teaching and
living. For example, schools should understand and help new
math teachers to deal with the problems they encounter at
work, create a positive working atmosphere for them, and
communicate with them before making decisions related to
their work; and offer guidance and feedback on their work where
necessary. In other words, schools should fully understand the
importance of new math teachers’ well-being to their schools
and practice the well-being specific policies from the perspective
of institutional support.

Additionally, as shown in the study, job crafting significantly
positively affected the occupational well-being of new math
teachers at primary and junior high schools. Also, to meet
their needs, based on their own needs and job characteristics,
new math teachers can adopt proactive behaviors, to achieve
a sustainable person-job fit. They also actively construct their
job crafting by re-examining the connections to their tasks,
work environment, abilities, and interests and transforming
their work. Meanwhile, the schools are advised to develop
appropriate job crafting intervention programs considering the
specific circumstances of new math teachers to enhance their
reshaping capacity. Besides the findings of this study, the schools
may also leave some room for bottom-up job crafting by new
math teachers, encourage them to exert their initiative, and thus
enhance their occupational well-being.

This study remains limitations in several aspects. First of all,
the subjectivity of measurement indicators is hardly avoidable.
Although its design may reduce bias and errors to a certain
extent, this study adopted domestic and international scales
and conducted a pilot study before the formal investigation
to minimize the impact of subjective errors. However, such
errors may still inevitably exist, which will be further minimized
in future studies through in-depth interviews based on the
Grounded theory and qualitative survey. Secondly, there are
quite a few influencing factors on the occupational well-
being of new math teachers at primary and junior high
schools. This study just investigated three factors, still losing
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sight of many others, which can be further studied in
later studies by introducing possibly sufficient variables from
more diverse perspectives. Thirdly, the sample size of this
study was only confined to new math teachers at primary
and junior high schools in some provinces, which should
be extended across the country in China, with a much
larger size of samples and rigorously verified error-free data.
Additionally, primary and junior high schools are two different
contexts. This study does not consider the differences between
teachers in further education segments due to time and effort
constraints. In future studies, we can consider the differences
in the relationship path relationships between the variables of
institutional backing, job crafting, basic psychological needs,
and teacher well-being. Therefore, the author hopes that future
studies on the occupational well-being of new math teachers at
primary and junior schools will be further optimized, in both
diversity and magnitude.
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Ability of data analysis, as one of the essential core qualities of modern
citizens, has received widespread attention from the international education
community. How to evaluate students’ data analysis ability and obtain the
detailed diagnosis information is one of the key issues for schools to improve
education quality. With an employment of cognitive diagnostic assessment
(CDA) as the basic theoretical framework, this study constructed the cognitive
model of data analysis ability for 503 Grade 9 students in China. The follow-up
analyses including the learning path, learning progression and corresponding
personalized assessment were also provided. The result indicated that first,
almost all the students had the data awareness. Furthermore, the probability of
mastering the attribute Interpretation and inference of data was relatively low
with only 60% or so. Also, the probabilities of mastering the rest of attributes
were about 70% on average. It was expected that this study would provide a
new cognitive diagnostic perspective on the assessment of students’ essential
data analysis abilities.

KEYWORDS

data analysis ability, cognitive diagnostic assessment, math education, ability
assessment, cognitive model

Introduction
Importance of data analysis ability

With the arrival of big data era, substantial changes have taken place in different
fields of society, such as the emergence of artificial intelligence, machine learning,
precision medicine, and computational education (Francois and Monteiro, 2018). Data
has become an essential asset in various professions for daily use, and data analysis
ability correspondingly becomes a necessity for our work and life (Dani and Joan, 2004).
In fields such as business, economics, and others, they increasingly rely on data analytics
rather than experience or intuition only to make decisions in management (Bryant et al.,
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2008). Due to the popularity of data in daily life and workplace,
data literacy has gradually become an ability that everyone shall
have instead of an ability mastered by only few senior personnel
in some specific industries (Borges-Rey, 2017; Sharma, 2017).
Prado and Marzal (2013) have provided a list of standards for
data literacy, which include (1) Determining the context of data
production and reuse, as well as the value, category and format
of data; (2) Figuring out when you need data and obtain it
appropriately; (3) Properly evaluating data and data sources; (4)
Using certain plans, measures, system architecture and
appropriate evaluation methods to determine the appropriate
methods to operate and analyze the data; (5) Visualization of
data analysis results; (6) Using the analysis results to learn,
make decisions, or solve certain problems. This list covers
almost all required in data literacy and has become one of the
basic qualities necessary for the future use. Moreover, data
literacy also plays a crucial role in mathematics. Generation and
solution of some certain mathematical problems are based on
data analysis as well. Good data analysis ability can effectively
help students find and solve problems. Therefore, it is of
far-reaching significance to focus on cultivating students’ data
analysis ability.

Definition of data analysis ability

Commonly cultivated by means of statistical disciplines or
statistical content, data analysis ability tightly relates with statistics
and can be extracted from statistical literacy. However, statistical
literacy so far has not been well defined and there is no consensus
achieved on its definition among statistics educators, statisticians,
and researchers globally (Kaplan and Thorpe, 2010; Schield, 2010;
Ridgway et al., 2011; English, 2014). Moore and Cobb (2000) took
“change” as the core element of statistical thought and believed
that “change” was everywhere in the process. Wallman (1993)
stated that statistical literacy was the ability to understand and
critically evaluate the statistical results that permeate our daily
lives, as well as the ability to understand the contributions of
statistical thinking in the public, professional, personal, and
private spheres. Through the literature, we can see that there exist
common core elements in both the statistical literacy and data
analysis ability. Pedagogically, data analysis offers an opportunity
for students to explore openly. Conceptually, data analysis
examines patterns, hubs, clusters, gaps, dissemination, and
variation in data. Philosophically, some advocates of data analysis
recommend introducing data in a non-probabilistic environment,
while others suggest establishing a link between data analysis and
the notion of probability. In the latter view, both data and
contingency were considered in the framework of a systematic
study of probability (Shaughnessy et al., 1996). In this study,
we extracted the data analysis ability from the statistical literacy as
the evidence for its definition. Specifically, we defined data analysis
ability as the ability to perceive data from daily life, to consciously
collect and organize data, to represent data according to different
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needs, and to rationally analyze and interpret data through
operations.

Assessment of data analysis ability

In the assessment of data analysis ability, Graham et al. (2009)
built a framework representing children’s statistical thinking based
on the Cognitive Diagnostic Model (CDM) and other relevant
research. This framework provided the theory for the
characterization of children’s statistical thinking and planning
guidance for data processing. Reading (2002) established a four-
level statistical thinking analysis framework, which were Data
Collection, Data Tabulation and Representation, Data Reduction,
and Interpretation and Inference. Using the Structure of the
Observed Learning Outcome (SOLO, Biggs and Collis, 2014)
classification framework, he analyzed the typical responses of
students in different levels and drew corresponding conclusions.
Mooney (2002) portrayed statistical thinking into four
dimensions: Describing data, Organizing and Generalizing data,
Representing data, and Analyzing and Interpreting data. Still based
on the SOLO classification framework, four levels were described
for each aspect: Idiosyncratic, Transitional, Quantitative, and
Analytical. What's more, they also pointed out the necessity of
establishing learning trajectories that connect students with
different levels of statistical thinking. Due to the high expectation
in statistics teaching (Jacobe et al., 2014), effective assessment
tools were in a great necessity to evaluate learners’ understanding
of statistical concepts more precisely.

As we can see, people have sufficiently realized the
significance of data analysis and put the cultivation of students’
data analysis ability in a more centered position. Although there
is no clear definition of data analysis ability yet, a lot of research
has been conducted on its attribute division, which lays the
foundation for future research. Currently, the assessment of
students’ data analysis ability has mostly constructed the students’
levels of abilities according to the traditional Classical Testing
Theory (CTT). It exhibits great advantages in understanding the
overall status of students” data analysis ability, however, it cannot
provide students with more fine-grained diagnostic information,
which is the key to promoting students’ development (Huff and
Goodman, 2007). The new Cognitive Diagnostic Assessment
(CDA), a measurement tool developed in the most recent years

psychology
psychometrics, can analyze students’ knowledge or skill attributes

combining both cognitive and modern
involved in the process of answering questions from the
perspective of cognitive psychology, and integrate attributes into
the measurement model. The individual’s psychological cognitive
process is measured to determine students’ mastery of attributes.
CDA provides students with more detailed diagnostic
information and supports a further in-depth study of students’
cognitive process (Leighton and Gierl, 2007). In this study, CDA
was applied to construct a cognitive model of students’ data
analysis ability. Through an examination of 503 Grade 9 students
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in China, the probability of mastering the attributes of students’
data analysis ability can be obtained. On this basis, the students’
learning path, learning progression, and personal assessment
were then explored, providing a reference for the further study of
students’ data analysis ability.

Construction of cognitive model
of data analysis ability

Sorting out the attributes of data analysis
ability

In the attribute classification of data analysis ability, data
processing includes organization, description, presentation, and
analysis of data, which strongly depends on the representation of
various graphics and icons (Shaughnessy et al., 1996). Jones et al.
(2000) formed a model composed four attributes of data analysis
ability, namely, Data organization, Data representation, Data
analysis, and Data interpretation. In this model, the continual
process of data analysis was systematically presented. What's
more, they also made detailed operational definitions for each
attribute and coded them accordingly. Mooney (2002) portrayed
statistical thinking as four dimensions: Data description, Data
organization and genemlization, Data representation, Data
analysis, and interpretation. Reading (2002) concluded a few steps
in general, which included Data collection, Data tabulation and
presentation, Data summarization, interpretation, and inference in
the established statistical thinking framework. Arican and Kuzu
(2020) divided data analysis literacy into four aspects: (a) Data
representation and interpretation, (b) Sample interpretation, (c)
Statistical methods selection, (d) Understanding and application.
These studies provided the basis for the classification of data
analysis ability attributes.

The expert method

The construction of the cognitive model, especially the
construction of the relationship between the attributes in the
cognitive model, is more complex. Normally, expert method is
used to analyze the cognitive process of students in a certain field,
to obtain the relationship between different attributes. In this
study, five experts were selected, including three middle school
math teachers who were awarded the title of Guizhou Provincial
or Municipal Famous Teachers, with rich teaching experience and
knowledge of students. Another expert was a mathematics
education researcher who focuses on the assessment of data
analysis ability and can inspect the cognitive model of data
analysis ability from the theoretical level. The last expert we invited
was a doctoral student majoring in mathematics education, who
has been engaging in the teaching of data problem-solving for a
long time, and can examine the cognitive model of data analysis
ability from the perspective of assessment.
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Through open questionnaires, experts were required to
enumerate the attributes of data analysis ability and draw the
structural relationships between the attributes. Results of the
expert method were presented in Table 1.

Based on the common elements in Table 1 and the existing
definitions of data analysis ability, the attributes of data analysis
ability were extracted, which were: (1) Data awareness; (2) Data
collection and sorting; (3) Data representation; (4) Data
concentration; (5) Dispersion of Data; (6) Data interpretation and
reasoning. According to the relationship between the extracted
elements in Table 1, the structure model of data analysis ability
was obtained in Figure 1.

Cognitive diagnosis assessment of
data analysis ability

Subjects

The subjects of this study were 503 Grade 9 students from 10
classes in two middle schools in Guizhou Province, China.
Guizhou is a relatively underdeveloped province in terms of
education. Based on the annual proportion of admission to the
secondary school entrance examination, the two schools selected
belong to the upper middle level in Guizhou Province. The test
was 1 h long and all Grade 9 students in both schools took the test.
Informed consent was obtained from all the students and teachers
before the implementation of test.

Assessment tool

Construction of the Q-matrix

According to the method of constructing the Q-matrix in the
Rule Space Model (RSM), the adjacency matrix was obtained
according to the cognitive model shown in Figure 1. The
preliminary Q-matrix can be further obtained through Boolean
algebra (Tatsuoka, 2009), which was presented in Table 2.

According to Table 2, the test should be composed of 8 items.
However, considering the requirements for the number of tasks
completed by the students in the test, the preliminary Q-matrix in
Table 2 was expanded, and 2 to 3 items were designed for the same
examination mode each. The final Q-matrix including 22 items
was formed, as shown in Table 3.

Formation of assessment tools

CDA can not only reflect the internal relationship between
the test items and cognitive attributes, but also demonstrate the
relationship between the subject’s knowledge state and attributes
(de la Torre and Chiu, 2016). One of the outstanding
characteristics of CDA is its assessment structure. Through a
more operational and internally consistent Q-matrix, subjects’
unobservable cognitive state can be linked to the observable item
responses, which goes beyond the simple two-way list format

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1009142
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Wu et al.

TABLE 1 Analysis of the expert survey of the cognitive model of data analysis ability.

10.3389/fpsyg.2022.1009142

No Attribute Structure Common elements Relationship
1 ®Ask a question @ @Data collection and sorting e 6
@Collect data @The degree of data concentration
®Description of data ®The degree of dispersion of data @
@ Amount of data concentration ®Inference and interpretation of data
®Discrete amount of data
®Make a decision \}9
2 (MData awareness (® Awareness of data
®@Data collection @Data collection and arrangement
®Data representation @Display of data
@Understand the randomness of data ®Reasoning and interpretation of data
® Analysis means or strategy choice
®Interpretation of results
(@DResult presentation (?
3 @Collect and organize data CD @Data collection and arrangement @ e
@Descriptive data / \ @The degree of data concentration
®Analyze the data ® ‘}3) ®The degree of dispersion of data 9 6
@Degree of data concentration \@
®Degree of dispersion of data l
®Experience the randomness of data @
4 ® Awareness of data ® ® Awareness of data
@Data collection @Data collection and arrangement
®Display of data @Display of data
@Data extrapolation ®Reasoning and analysis of data
®Calculate the relevant amount of data
®Using data to solve problems ‘\}5)
5 @®Data awareness (® Awareness of data @

@Collect data

®Collate the data
@Understand the data
®Display of data

®Data inference

@Interpret the data results
®Explain the data conclusion

(@ Awareness of randomness

@Data collection and arrangement
@Display of data

®Reasoning and interpretation of data
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FIGURE 1
Cognitive model of data analysis ability.

TABLE 2 Preliminary Q-matrix of data analysis ability.

@ ® ® @ ® ®
T1 1 0 0 0 0 0
T2 1 1 0 0 0 0
T3 1 1 1 0 0 0
T4 1 1 0 1 0 0
TS 1 1 0 1 1 0
T6 1 1 1 1 1 1
17 1 1 1 1 0 0
T8 1 1 1 1 1 0

(Wu et al., 2020). In this study, based on the final Q-matrix in
Table 3, we selected 60 items from one of the large-scaled
assessment tests Trends in International Mathematics and Science
Study (TIMSS) as the first round of items selected. Through
coding the attributes of these items by the five experts, 22 items
with high label consistency were finally selected as the
assessment tools.
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TABLE 3 Final Q-matrix of data analysis ability.

Al A2 A3 A4 A5 A6
Item1 1 0 0 0 0 0
Item2 1 1 0 0 0 0
Item3 1 1 0 1 0 0
Item4 1 1 0 1 0 0
Item5 1 1 0 1 1 0
Item6 1 1 1 1 0 0
Item7 1 1 1 1 0 0
Item8 1 1 1 1 0 0
Ttem9 1 1 1 1 1 0
Ttem10 1 1 1 0 0 0
Ttem11 1 0 0 0 0 0
Item12 1 1 0 0 0 0
Item13 1 1 0 0 0 0
Ttem14 1 1 0 1 1 0
Item15 1 1 0 1 0 0
Item16 1 1 1 0 0 0
Item17 1 1 1 1 1 0
Item18 1 1 1 0 0 0
Item19 1 1 0 1 1 0
Item20 1 1 1 1 1 0
Item21 1 1 1 1 1 1
Item22 1 1 1 1 1 1

Selection of CDM

Comparison and selection of models play a vital role in CDA
process. A large number of cognitive diagnostic practices have
shown that choosing an appropriate CDM is an important
prerequisite for accurate diagnosis and classification of subjects
(Templin and Henson, 2010). Since the theory of CDA was put
forward, hundreds of measurement models varying in assumptions,
parameters, mathematical principles, and actual conditions have
been developed. In order to obtain a more suitable model, using
the G-DINA package in the R language, this study evaluated the
parameters of common models, such as Deterministic Input; Noisy
‘And’ Gate (DINA; Haertel, 1989; Junker and Sijtsma, 2001; de La
Torre, 2009), Deterministic Input; Noisy ‘or’ Gate (DINO; Templin
and Henson, 2006, 2010), Reduced Reparametrized Unified Model
(RRUM; Hartz, 2002), Additive Cognitive Diagnosis Model
(ACDM; de La Torre, 2011), Generalized Diagnostic Model (GDM;
von Davier, 2014), Log-linear Cognitive Diagnosis Model (LCDM;
Henson et al,, 2009), Linear Logistic Model (LLM; Maris, 1999),
Generalized DINA (G-DINA; de La Torre, 2011), and Mixture
Model (von Davier, 2010). Based on the Q-matrix in Table 3 and
test data, the relevant parameters of the CDMs were estimated, as
shown in Table 4.

Two criteria are generally considered in the selection of
CDMs, which are Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC). The number of parameters
represents the load in the model evaluation process. The smaller
the value of AIC and BIC, the smaller the load and the better the
model fitting (Vrieze, 2012). Through the comparisons of AIC and
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TABLE 4 Statistical comparison of parameters in different models.

Number of

Model Deviation AIC BIC
parameters

DINA 107 10735.15 10949.15 11400.75
DINO 107 10793.88 11007.88 11459.48
RRUM 162 10507.75 10831.75 11515.49
LLM 162 10503.48 10827.48 11511.22
ACDM 162 10523.89 10847.89 11531.63
GDM 121 10584.73 10826.73 11337.43
LCDM 406 10521.61 11333.61 13047.17
GDINA 447 10183.07 11077.07 12963.68
Mixed 125 10668.92 10918.92 11446.5

BIC in Table 3, the three indicators of the GDM were the smallest,
which represented the most appropriate model fit to the data.

GDM model

The GDM is a model that adapts to multi-level response
variables and has two or more skill levels. It extends the commonly
used IRT model to a multivariate, multiskilled classification model
(von Davier and Yamamoto, 2004). Like other CDMs, Q-matrix is
an effective part of the model. Its general form can be applied to
non-integer, multi-dimensional and multi-attribute skills. It
provides a more general way to specify the skill mode and the
Q-matrix interact. The model (von Davier, 2008) is presented as:

Py (xla) = P(xlfg.a.qi.7ig)
eXp [ﬂxig + le;xy ikgl]ikak:|

- m; K
1+y y21XP |:ﬂyig+ > iV ikg ik }

where P(x|ﬁ,-j,a,q,-,y1 g) indicates that the distribution of
observation variable x is in a given condition (a, --ax),
difficulty parameter f;g , guessing parameter y;o and Q-matrix
qi - gikar = by (gi-a) , however, b(g;.a)=(gnar, - gikag) in
IRT, therefore, the ky, element of b by, (qi ,a) = gixar

b (qia) = { s i.f qgik =1,
0, if qdik = 0.
where @ik j=1,...1, k=1,..k isa I x K matrix with true value
¢i - This matrix associates I observed variables with K unobserved
(skills) variables to determine these variables in a specific model
in cognitive diagnosis. GDM is a general diagnostic model suitable
for both dichotomous and multichoice data, which can model
multi-dimensional mixed binary and sequential skill variables.

Quality of assessment tool
Reliability of the test

Reliability represents the stability and reliability of
measurement, which is one of the most important indicators of
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tool evaluation in the test. As a new generation of assessment,
CDA has its own uniqueness that its reliability mainly focuses on
the consistency index of attribute retest (Templin and Bradshaw,
2013). Similar to the Subkoviak method of decision consistency in
the CTT standard reference test, this indicator is calculated by
correlating the probabilities of the attribute’s mastery of the same
subjects in two successive measurements, with the assumption
that the probabilities of the attributes mastered by the subjects
remain the same (Templin and Bradshaw, 2013). The reliabilities
for different models were shown in Table 5.

According to the statistics in Table 5, the test-retest reliability
was estimated by repeatedly extracting from examinee’s posterior
distribution to simulate repeated testing (Templin and Bradshaw,
2013). The test-retest consistency index was acceptable, with the
average value reaching 0.8938. The reliability of each attribute was
above 0.78, and most of them were above 0.85, indicating that the
GDM model was reliable to use for the current dataset.

Item fit

Item fit is also the focal point in the CDM analysis. Studies
have shown that whether the test data of a CDM fits the items or
not directly determines the accuracy of the model’s diagnostic
effect (Song et al.,, 2016). The conventional method to examine the
fitting effect of items is the chi-square test, however, since the
characteristics of the CDA do not conform to the hypothesis of the
chi-square test, and the preconditions of the chi-square test do not
meet, the traditional chi-square test are not appropriate to evaluate
the fitting effect of items in CDM (Batanero and Diaz, 2010). In
CDA, RMSEA is used to measure the fitting effect of test items by
mainly comparing the square root error of observed response and
predicted response under the different potential classifications.
The calculation formula of RMSEA for item j is:

RMSEA; = %“;ﬂ(gc)(lgj(ec)_ M jke Jz

Nje

where 7(6.) represents the classification probability of the
potential trait level of type ¢, and P; represents the probability
estimated by the item response function. n. represents the
expected number of people at the ky, dimension of the ¢,, potential
trait level in the j, item, and N . represents the expected number
of people at the ¢,, potential trait level. Through the calculation of
residual information, the residual information of the test items
was shown in Table 6.

The closer the RMSEA value is to 0, the smaller the deviation
of the fit and the better the fitting effect. The critical value of

TABLE 5 Reliability of data analysis ability.

Templin reliability index

Al A2 A3 A4 A5 A6 Mean

1 0.9275 0.7869 0.9285 0.8542 0.8658 0.8938
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RMSEA is normally set to 0.1. Values greater than 0.1 for
RMSEA is an indication of poor item fit (Oliveri and von Davier,
2011). According to this standard, the GDM model was still the
one with the best fit in the test items since the RMSEA values for
all the test items were less than 0.1. Only items 3, 7,9, 13, 17, 18,
19, 20, 21, 22 had the values slightly greater than 0.1. Therefore,
the GDM model still had the most appropriate item level fit in
this study.

Assessment result

Probability of mastery of attributes of
data analysis ability

The probability of each student’s attribute mastery can
be obtained through the assessment of the model in CDA. To
further analyze the gender differences in students’” mastery of
attributes, comparison analyses of the attribute mastery probability
were conducted on genders and the mastery probabilities of the
six attributes were obtained as shown in Figure 2.

Figure 2 showed that the mastery probability of the attribute
Know data was the highest, reaching 100%, which indicated that
almost all students had the basic data awareness. The probability
of mastering these four attributes, Data collection and collation,

TABLE 6 RMSEA information of the test items.

10.3389/fpsyg.2022.1009142

Data presentation, Concentration of data, and Dispersion of the
data, were quite similar at about 70%. Among these four, the
probabilities of mastering attributes of Data collection and
collation and Dispersion of the data were slightly higher. Last, the
mastery probability of Interpretation and inference of data was the
lowest, about 60%.

Opverall, in Figure 2, what we can observe was that there was
no obvious gender difference in attribute mastery probability,
especially the probability of mastering Know data, Data
presentation and Dispersion of data were almost the same for both
male and female students. In terms of Data collection and
collation, Concentration of data and Interpretation and inference
of data, the probabilities of male students mastering attributes
were slightly higher than these for female ones, showing certain
advantages for male students.

Construction of learning progression for
data analysis ability

With a combined method of learning progression construction
with Item Response Theory (IRT), students’ abilities were
calculated in each type of knowledge state, and students in different
knowledge state categories were divided (Wu et al., 2021). The
ability value 1.37 was the highest for the knowledge state (111111),

Item Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8
RMSEA 0.0176 0.0406 0.1041 0.0989 0.0807 0.1151 0.0812
Item Item 9 Item 10 Ttem 11 Item 12 Item 13 Item 14 Item 15 Item 16
RMSEA 0.1028 0.0673 0.0684 0.1107 0.0942 0.0799 0.0692
Item Item 17 Item 18 Item 19 Item 20 Item 21 Item 22 \ \
RMSEA 0.1857 0.1103 0.4106 0.1923 0.2511 \ \
105%
>
£ 100% [ —o—Total
=
8 95% & —=—Male
g
g 90% —e—Female
Y
: 85% [
= E
& 80%
g 75%
E 70%
B 65%
] 60%
<
55% . L L L L )
Know data Data collection and Presentation data  Concentration of  Dispersion of the Interpretation and
collation data data inference of data
FIGURE 2
Distribution diagram for attribute mastery probability of data analysis ability.
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and the ability value —2.41 was the lowest for the knowledge state
(010000). We have divided the interval (2.5, 1.5) into 5 levels and
the diagram for learning progression was shown in Figure 3.

According to the attributes of the knowledge states in the
different stages in Figure 3, the learning progression of the ladder
were defined, and the divisions of learning progression level were
organized in Table 7. It provided a more reliable theoretical basis
for student learning, teacher teaching, textbook compilation, and
test compilation.

Personalized analysis of data analysis
ability

Accurately depicting the knowledge state of each student is
the greatest advantage of CDA. To fully illustrate the fine-grained
information that CDA can provide for each student, three students
numbered 337, 476 and 424 were selected for the analysis. The
radar chart of their attribute mastery was shown in Figure 4.

The characteristic of the three students shown in Figure 4 was
that they correctly answered the same number of questions. If
through the traditional evaluation methods, these students were

10.3389/fpsyg.2022.1009142

considered to have the same total score, showing that there was no
difference among them. However, in CDA, differences were still
obvious in Figure 3. Student No. 337 had mastered attributes @,
®, @, ®; student No. 476 had mastered attributes @, @, ®, ®,
®, but not fully mastered attributes @ or ®, whose probability
of attribute mastery was approximately 80%; and student No. 424
had mastered the attributes @, @, @, ®, ®. Therefore, what
we can conclude was that these three students not only differed in
the type of attribute mastery, but also in the number and degree
of attribute mastery. These results offered more fine-grained
information for students’ personalized learning.

Discussion

This study constructed a reasonable cognitive model for
students’ data analysis ability based on the expert method. Results
showed that students had a good attribute mastery of Know data,
but students’ mastery of Interpretation and inference of data was
relatively poor. Data analysis ability can be clearly divided into five
levels of learning progression and students with the same scores
differed obviously in the knowledge state.

1k

100100
2k

-2.5 -

FIGURE 3
Advanced diagram of data analysis ability progression.
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TABLE 7 Divisions of learning progression levels of data analysis ability.

Level Content definition Attribute mastery

1 Students can pay attention to the core data in problem solving, and be able to distinguish different data, ~ Preliminary mastery of attributes @
recognize the role of data in problem solving, and have a certain sense of data

2 Students are able to collect data according to reasonable methods, and carry out preliminary sorting and ~ On the basis of mastering @, further master the
statistics on the collected data, and carry out preliminary data management. attributes @

3 Students can properly represent the data, such as using histograms, line graphs, etc., and can freely On the basis of mastering @ and @, further
convert between different representations; can calculate the average, mode, and median of the data and master @ and @ attributes
experience different quantities specialty

4 Students can calculate the degree of dispersion of data, such as variance, standard deviation, range, etc., ~ On the basis of mastering the attributes @ to @,
based on the amount of concentration, and appreciate the meaning of the degree of dispersion of data. grasp the attributes ® and ® initially
Infer the meaning expressed by the data and draw useful conclusions.

5 On the basis of mastering the concepts and operations of integers, measurement, plane geometry, data, ~ Master all attributes

probability, and preliminary statistics, students have further mastered the basic concepts and operations

of elementary algebra, and can solve practical problems related to equations, inequalities, and functions

ID: 337

ID: 476 ID: 424

FIGURE 4
Radar chart of the mastery results of students’ data analysis ability.

As one of the essential core qualities of modern citizens, the
importance of data analysis ability has been recognized by all
walks of life. The accurate assessment of data analysis ability is a
topic that is worthy further exploration. As a new generation of
assessment theory, CDA is designed to detect students’ specific
knowledge structure or operational skills in a certain field, so as
to provide students with more fine-grained diagnostic
information on cognitive strengths and weaknesses (Leighton
and Gierl, 2007). It is essentially a diagnosis of cognitive
attributes, and the construction of attributes plays a vital role in
the assessment process (Wu et al., 2020). However, most of the
extant research have only considered the division of cognitive
attributes without taking their prerequisite relationship into
account. Starting from expert method, this study constructed a
cognitive model while having the prerequisite relationship
between attributes into account. The model that was formed has
provided a theoretical basis for clarifying the relationship
between the attributes of data analysis ability and further guiding
the teaching and students’ personal assessment. It provided a
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more standardized research method for the assessment of
students’” data analysis abilities, which was more in line with the
research paradigm of CDA.

In this study, we also explored the learning path and learning
progression of students’ data analysis ability. The learning path
depicted student’s thinking and learning in a specific field of
mathematics, reflecting student’s learning process through a series of
instructive tasks. These tasks were designed to promote the
development of students’ mental process and thinking level (Clements
and Sarama, 2012). The learning path reflects the trend of students’
actual learning progress, rather than focusing on subject knowledge,
which distinguishes the learner’s logic from the subject logic and plays
an intermediary role in the selection of learning goals and methods
(Corcoran et al,, 2009). The realization of different learning objectives
needs to be supported by the corresponding learning paths, and
different learning paths will determine the choice of learning
methods. In the selection of learning methods, learning path
distinguishes the student’s “voice” from the subject’s perspective,
emphasizes the development of students’ cognitive order, and further
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clarifies the importance of learners in guiding future teaching,
curriculum and assessment (Confrey, 2006). Students are all in
different levels of learning paths, with various learning resources and
learning environment around, therefore, a selection of a suitable
learning path and learning method according to their individual
conditions and backgrounds will be more appropriate. Learning path
helps learners choose appropriate teaching activities, tasks, tools,
interaction and evaluation methods, and promotes students to
gradually master increasingly complex concepts (Confrey et al,
2009). It combines the evaluation results of each student with the
corresponding learning mode, extracts the formative evaluation
results from the summative evaluation data, and provides a basis for
students to formulate their personalized learning plans.

This study provided a more complete and standardized
research method, constructed a cognitive model of data analysis
ability, and made contributions to the theory as well as methods
to a certain degree. However, due to the limited material and
financial resources, this study also had some shortcomings
inevitably. First, the sample size available was limited. With only
approximately 500 students in China, the result of the study lacked
generalizability to some extent. In addition, any assessment cannot
make without the discipline itself. The evaluation content should
be analyzed based on the characteristics of the discipline (Zhang
etal, 2019). Last, a longitudinal study with similar method and
approach is recommended in the future to verify the result
reliability and validity (Zhan et al., 2019; Wu et al., 2020).
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Embracing a growth mindset is essential to students’ academic improvement.
This manuscript aims to better understand the existing literature on the role
and effects of the growth mindset in mathematics teaching and learning.
It provides an updated perspective on the research regarding the growth
mindset in mathematics education. The dataset comprises 85 journal articles
published from 2012 to 2022 retrieved from the Web of Science (WOS)
and Scopus databases. The current study applies a methodology based
on bibliometric analysis techniques. The analysis reveals and corroborates
several patterns from the research trends, journals, countries, and authors that
have significant impacts on the research field. The findings show that USA,
UK, and Norway are the most productive countries in publishing research
on the topic. Moreover, the results of the thematic analysis indicate that
the topics discussed among most of the articles in the dataset include
engagement, implementation, persistence, children, fluid intelligence, and
skills. The longitudinal trends in research themes based on study keywords
illustrate an evolution in the research from the concept of mindsets to implicit
theories on the growth mindset alongside academic achievement. Lastly, this
study also provides an overview of the conceptual structure underlying studies
on the growth mindset, which offers valuable insights into potential research
topics for academics and practitioners seeking to explore the growth mindset
in the future.

growth mindset, mathematics education, bibliometric analysis, student learning,
mathematics learning, bibliometric review
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Introduction

Entering the early 21st century, we have witnessed lots
of changes and evolvements. Amid globalization, the growth
of information and communication technology (ICT), and
knowledge sharing, the content of education is changing
(Trilling and Fadel, 2009; Voogt and Roblin, 2012). To cope
with our ever-changing society, education should equip students
with essential skills to enable them to thrive and succeed in their
future. In 2018, the Organisation for Economic Co-operation
and Development [OECD] (2018) proposed the Learning
Compass 2030 framework, emphasizing the importance of
critical thinking, meta-cognitive skills, learning-to-learn skills,
and the ability to learn attitudes and values.

In education, students’ mindset strongly influences their
learning performance (Dweck, 2017a). A student’s mindset
refers to the attitudes, beliefs, and expectations they have
about a course or subject (Chew, 2014; Dweck, 2017b). These
types of mindsets can be a boon or a barrier to learning.
Students with a fixed mindset tend to believe intelligence is
fixed, and that they are born with a particular set of skills
and cannot change them (Dweck, 2006). Children with a fixed
mindset are concerned with how they will be judged, and
they want to make sure they succeed (Dweck, 2017b). In
contrast, students with a growth mindset see intellectual ability
as a malleable trait that could be cultivated and enhanced
through personal effort and guidance (Dweck, 2015). They
are concerned with improving. For these children, success is
about stretching themselves (Dweck, 2017b). These students are
more likely to embrace intellectual challenges as opportunities
to learn and grow, and to be more resilient in the face of
setbacks (Yeager and Dweck, 2020). The National Council of
Teachers of Mathematics (2014) reported that “believing in,
and acting on, growth mindsets versus fixed mindsets can
make an enormous difference in what students accomplish”
(p. 64). When it comes to mathematics learning, mindset is
of particular importance. Students with mathematical problem-
solving and critical thinking skills are among the strongest
performers with a growth mindset in overall mathematical
achievement (Organisation for Economic Co-operation and
Development [OECD], 2013). To nurture a growth mindset
for students, we should also examine teachers. Studies have
revealed that teacher mindsets can influence students’ mindset
and directly affect their achievement (Ostroff, 2016; Ronkainen
et al, 2019). Kamins and Dweck (1999) observed that when
teachers believed in their students’ ability in achieving success,
the students could stretch their limits and exceed expectations.
However, in this research area, many empirical studies have
focused on students, and more research needs to be conducted
on how to develop a growth mindset in teachers (Guidera,
2014).

Although positive correlations or influences have been
found between students’ growth mindset and their performance
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(Dweck, 2017a), to what extent and in what kinds of learning
areas these effects hold are unclear. A more holistic analysis of
specific empirical studies is required. Notably, most studies lack
a comprehensive understanding of the entire growth mindset
in mathematics education. For example, whether a growth
mindset approach exists for other learning and teaching topics
in mathematics education remains unanswered. Furthermore,
to the best of our knowledge, no previous efforts have been
made to conduct a bibliometric review of the literature in
this field, a widely used mathematical and statistical tool for
quantitative research (Pritchard, 1969; Chen et al., 2018). Thus,
this article aims to fill this gap by systematically reviewing
the literature with the bibliometric method, and to summarize
current literature findings. We examine empirical studies
on the growth mindset in mathematics education over the
last 10 years and provide a more detailed picture of latent
topics, development trends, collaborative organizations, and
annual topic distributions. This study also further discusses
the representative research work and also suggests a possible
pathway for future research.

The current review investigates the following research
questions:

(1) Which countries/regions were major contributors to
growth mindset research in the last decade?

(2) What were the primary research topics for the growth
mindset in mathematics education and their significance
to our society (i.e., students, teachers, school, broader
society)?

(3) How did research topics evolve through the years?

(4) What could be the possible research directions in the
future?

Literature review

To better understand the development of the growth
mindset in mathematics education, we first briefly introduce
some key concepts in growth mindset research. This section
analyzes three aspects, including the definition of the growth
mindset, interventions for the growth mindset, and the growth
mindset in mathematics education, to review and describe state-
of-the-art research in mathematics education.

Definition of the growth mindset

Mindset can be understood as the influence of past
thinking on current thinking. It is a collection of beliefs
related to continual learning and the malleability of intelligence
(Dweck, 2006). Mindset could be classified into two types: the
fixed mindset and the growth mindset (Dweck et al, 1995;
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Dweck, 2006). A person with a fixed mindset believes that
intelligence is a stable, unchangeable trait. Conversely, a person
with a growth mindset believes that intelligent skills could be
cultivated and developed through effort.

Previous studies have interpreted the effect of different
mindsets on student learning and teachers’ teaching, especially
when they struggled with problems or failure. Students with
a fixed mindset tend to avoid challenges, quit when they
encounter challenges, and ultimately achieve less academic
success (Dweck, 2006; Smiley et al,, 2016). Conversely, when
students learn with a growth mindset, they can improve with
effort and guidance. They are more willing to accept challenging
work and persevere through obstacles by exploring new tactics
or increasing their efforts. Those students realize and appreciate
the importance of trial and error, where they can learn from
mistakes and alter their tactics (Dweck, 2006; Boaler, 2015).
A mindset might change with different contexts and over time.
Teachers’ understanding and explanation of mindset theory
could help students change their mindset toward learning
mathematics and promote their positive beliefs and attitudes
toward the subject (Boaler, 2015).

Interventions for promoting the
growth mindset

Replicated studies (Sisk et al,, 2018; Yeager et al,, 2019)
show that mindset treatments have a positive impact on student
learning achievements. Hence, changing students’ mindset from
a fixed type to a growth type becomes crucial. Yeager and
Dweck (2020) identified instructional interventions that assist
struggling students in tracking their progress. By adopting a
specific program or a series of steps to target an academic need,
these interventions were expected to help kids with learning
troubles in subjects such as mathematics. Moreover, Yeager and
Dweck (2020) proposed that any intervention should describe
actionable steps for developing a growth mindset. For instance,
individuals can train their brains by attempting challenging
schoolwork. They may also benefit from hearing about notable
people or colleagues with a development mindset. Nevertheless,
interventions should not be passive actions; they should require
individual reflection. For instance, as part of an intervention
program, students may compose a brief essay about how they
have developed their abilities through challenges and how they
want to adopt a growth mindset in their future endeavors.
Students may also compose a letter or write what they would
communicate to their peers; this exercise can determine which
students have a fixed mindset. Ultimately, interventions should
not merely highlight the effort but also show that learning
abilities have the potential for improvement. This does not mean
that learning abilities can be readily altered or considerably
modified, but that the potential for change exists (Yeager and
Dweck, 2020). Vongkulluksn et al. (2021) mentioned that the
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learning process should be highlighted rather than the results
of learning. Students should learn to acquire and generalize
strategies and resources that they could apply in future work.
Teachers could play their part in helping students to go through
failure or setbacks and appreciate them as part of the learning
process. Failure would offer crucial feedback on improvements
and help build knowledge (Dweck, 2017a). Feedback is vital and
should be matched with the learning objectives that students are
aiming to achieve.

The growth mindset in mathematics
education

Having a growth mindset would help students understand
that they could improve their mathematical abilities with effort.
Holding a growth mindset in mathematics learning meant
that students could leverage a particular thinking procedure
to solve mathematical problems and were willing to attempt
the task various times despite setbacks. This kind of mindset
would gradually transform into a habitual response (Dweck,
2008). Solving problems multiple times through trial and error
cultivated a growth mindset, which helped students learn
mathematics and strengthened their belief in the possibility of
growth in their intelligence (Dweck, 2015). Students with a
growth mindset believed that the more they learnt, ranging from
mathematical principles to calculation methods, the better their
mathematical thinking skills, driving a virtuous cycle in their
continuous learning (Ng, 2018). They understood that their
objectives in learning mathematics were to think, understand,
and grow. However, when students treated mathematical
problems as just a series of short questions, they could not
appreciate their own cognitive development in small steps and
the wider applications of learning mathematics (Boaler, 2015).
They perceived that there were only fixed methods for solving
particular mathematical problems.

Several studies on students’ mathematics learning attitudes
considered the students’ mindset to be an important factor
in developing their problem-solving skills. The present study
addresses the growth mindset in mathematics learning. The
growth mindset in mathematics learning refers to how an
individual thinks while learning mathematics, reflecting their
number sense, logical thinking ability, judgment ability, and
speculative ability (Hakim and Nurlaelah, 2018). A growth
mindset highlighting the learning process was significant for
developing students’ problem-solving skill, and beneficial to
their continuous pursuit of learning (Dweck, 2006; Boaler,
2015). People with a growth mindset in mathematics learning
believed that their mathematical abilities could be developed
through learning and training, and their intelligence was
malleable rather than fixed.

Turning to other studies, Daly et al. (2019) proposed
that students’ mindsets could produce either positive or
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FIGURE 1
Process of data collection.

negative effects on their mathematics learning. The positive
effects included students building certain mathematical thinking
patterns which could be applied to solving new problems.
Therefore, when conditions remained unchanged, the existing
thinking patterns could help students quickly process the
numbers and formulas, and then associate and mobilize
their learned knowledge and skills to quickly respond to the
environment. A positive effect enabled people to quickly extract
familiar information from the original cognitive structure and
choose the correct direction of thinking, thus contributing to
the development of new knowledge. In Eichhorn’s (2016) study
on Indian primary students’ number sense, it was found that,
to some extent, the students’ negative mindset will limit the
divergence of their thinking, making it difficult for them to
think flexibly in new environments, leading them to be easily
influenced by their old thinking. In this sense, a growth mindset
should be even more crucial for helping students change their
current way of thinking.

Lastly, the growth mindset also has important implications
for the development of subjective task values, including intrinsic
value, utility value, and attainment value. The growth mindset
places greater emphasis on mastery-oriented or learning goals,
while the fixed mindset prefers to endorse performance goals
(Blackwell et al., 2007; Burnette et al, 2013). Learning goals
emphasize the importance of improving individual ability
and expanding skill sets. In contrast, performance goals
emphasize the importance of demonstrating a high ability
(performance approach) and avoiding the external perception of
low ability (performance-avoidance) (Elliot and Harackiewicz,
1996). When facing a challenging task, individuals with fixed
mindsets would worry about their own incompetency in
performing the task, which in turn undermines their intrinsic
interest or enjoyment during the process (Dweck, 2008; Stipek
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and Gralinski, 1996). To conclude, the growth mindset is crucial
to mathematics education as it helps students learn and teachers
teach. Learning with the growth mindset in mathematics
reflects an active learning method for acquiring mathematical
knowledge, where the students position themselves to make
sense of what they learn.
this

systematically review how the growth mindset in mathematics

Therefore, bibliometric  study attempted to
education has developed in recent decades so as to refresh our
understanding of the gist of the literature and identify future
research directions. A total of 85 studies were examined in
this study. The latent topics, representative research work,
development trends, collaborative organizations, and annual

topic distributions will be discussed in detail.

Methodology

Statistical useful in the

development of a discipline (Pritchard, 1969). Bibliometrics

bibliography is revealing
uses quantitative analysis and statistics to describe pattern
relationships within the research topic (Hawkins, 1981; Chen
et al, 2018). Bibliometric techniques can identify current
research areas and provide a roadmap for further research (Luo
et al,, 2022). To assess and analyze the journal impact factors of
articles, the current study also processed the qualitative data in
the literature. The Web of Science (WOS) and Scopus databases
were used. The WOS is a broader platform for scientific
information, while Scopus is a comprehensive bibliographic
database that provides article abstracts and citations of peer-
reviewed scientific literature. Combining the two databases is
significantly beneficial for reviewing the literature (Echchakoui,
2020).

Data collection

Data were collected from articles published from 2006
to 2022 retrieved from the WOS and Scopus databases.
The search strings “growth mindset in math” and “growth
mindset in mathematics education” were used to screen titles,
abstracts, keywords, and citations to ensure relevance. After
removing duplicates, the final sample comprised 85 journals
and articles published from 2012 to 2022. Bibliometric analysis
was conducted using techniques available in the software
RStudio. The analysis reveals and corroborates several patterns
in the research trends, journals, countries, and authors that
have significantly impacted research on the growth mindset in
mathematics education. The present dataset thus provides an
updated perspective on research regarding the growth mindset
in mathematics education. Figure 1 illustrates the process of
data collection.
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Data analysis

The data search in the WOS and Scopus identified 85 articles
relevant to the three research questions of this study. First,
to determine trends in growth mindset research (RQIL), the
number of articles published for each year between 2012 and
2022 was tallied and fitted on a curve. Next, the bibliometric
analysis identified themes and networks among the major
contributors to growth mindset research (RQ2), enabling the
analysis and visualization of collaborations between researchers,
as well as relationships between prolific countries/regions and
institutions. Lastly, the topics of the 85 articles (RQ3) were
extracted from their abstracts using the biblioshiny package for
the R programming language (Chen et al, 2020). Structural
topic modeling then enabled us to incorporate information into
our model and understand how articles addressing the same
topic may use different word choices in their discussions of the
topic.

Results

Our search strings provided the flexibility for capturing
various terms used to refer to the growth mindset in
mathematics; however, they also yielded irrelevant search
outcomes (e.g., research about STEM education) that had to be
filtered out from the final sample. Figure 2 presents the results
of our analysis; the table on the left displays key statistics in
terms of article and citation counts, countries/regions of origin,
and topics identified. The line graph in the middle illustrates the
annual count for relevant articles on growth mindset research.
It shows that significantly fewer articles related to the growth
mindset in mathematics education had been published before
2012; from that year on, academic interest increased as the
research topic evolved. Our findings also reveal that the USA,
the UK, and Norway were the most productive countries in
generating research on the growth mindset in mathematics
education (see Figure 3). Based on the results of the analyses of
themes and keywords, our findings uncover more detail about
how to describe the growth mindset in mathematics education.
In sum, our findings provide a representative overview of the
growth mindset studies in mathematics education, offering
valuable research insights for academics and practitioners
looking to explore the growth mindset in the future.

Basic summary statistics

Bibliometric indicators were employed to summarize the
dataset. The present bibliographic collection includes 85 articles
from 2012 to 2022. The majority were journaled articles, early
access publications, and conference papers, with only one review
paper in the dataset. Regarding the sources for the articles, the
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table in Figure 2 shows that 58 periodicals and books were
represented. The table also shows that the annual growth rate for
the number of articles was 29.24%, with 313 authors represented
in the given time span. Turning to the keyword data, the number
of author keywords (DE) was 273 words, while the number for
the Keywords Plus indicator (ID) was 339. The larger number
for ID compared to DE was expected because the former is
a more broadly descriptive metric. Lastly, the average number
of co-authors per document was 4.19, and the proportion of
international co-authorships was 20%.

The line graph in the middle of Figure 2 depicts the
relationship between article publications and year, which
illustrates a rising trend. The year 2021 was the year with the
most articles published, numbering 23. A similar rising trend
is observed for the annual citation count illustrated in the line
graph on the right, with 2019 having the highest number of
average citations.

Factors relevant to country of origin

To better understand the relationships between the country
of origin of the documents, the keywords included in their
abstracts, and their authors, we created the three-field plot
(a type of Sankey diagram) illustrated in Figure 3. The plot
indicates the relationships between the top countries and
keywords identified among the datasets. The left column ranks
the top 10 countries in published articles, namely, the USA,
France, the UK, China, Norway, Korea, Germany, Italy, Finland,
and Australia. The middle yellow column ranks the top 14

» « » «

keywords, namely, “growth mindset,” “mindset,” “motivation,”

» «

“academic achievement,

» <« » .

anxiety,” “implicit theories,” “implicit

» o«

theories of intelligence,” “STEM,

» «

“adolescence,

mathematics,” “mindsets,”

» «

stereotype threat,” “mathematics achievement,”
and “grit.” Lastly, the right column ranks the top authors
according to the number of published articles they have.

The plot shows that articles from Finland and Australia
included “motivation” as a keyword, while articles from Korea,
China, and Norway included “growth mindset” as a keyword.
Articles from the USA targeted the broadest set of keywords,
covering 9 out of 14 terms. Finally, the top authors represented
in the plot include Murphy, H. Lee, Fink, J. Lee, Canning, Bong,
Duckworth, and Frey.

Figure 4 illustrates the distribution of multi-country
publications (M) and single-country publications (SCPs) in the
dataset by country; MCPs refer to articles with at least one
co-author representing a different country than that of the
corresponding author. The bar chart shows that the top four
countries represented in MCPs are China, Norway, USA, and
Germany, while the top four countries represented in SCPs are
USA, UK, Korea, and Italy.

Figure 5 illustrates the top 10 most prolific institutions
publishing articles on growth mindset research in mathematics
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from 2012 to 2020, of which 9 are in the US and 1 is in Korea.
The top three institutions are Stanford University, Stanford
Graduate School of Education, and Korea University.

Sources and authors
In Figure 6, the frequency plot on the left shows the

cumulative occurrences of the top five publication sources
represented in the dataset. Occurrences generally increased
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between 2012 and 2022, with individual sources displaying
different degrees of fluctuation. The most impactful source was
the annual conference proceedings for the American Society for
Engineering Education (ASEE Annu. Conf. Expo.), followed by
four journals including British Journal of Educational Psychology
(Br. J. Educ. Psychol.), Frontiers in Psychology (Front. Psychol.),
International Journal of STEM Education (Int. ]. STEM Educ.),
and Journal of Youth and Adolescence (J. Youth Adolesc.). The
frequency plot offers one indicator for the impact of the sources
over time by illustrating periods of increase and plateauing. For
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instance, the number of documents published in Front. Psychol. Education Research and Practice and Journal of Educational
and J. Youth Adolesc. remained at two during the years 2016- Psychology—include articles published by the top three most
2020 and 2019-2021, respectively. Similarly, the number for Br. impactful authors by h-index listed in the graph on the right of

J. Educ. Psychol. stagnated at only one document during the Figure 6, namely, Murry (6), Canning (3), and Yeager (3).
years 2016-2020.
Another indicator for discovering the impact of sources

is the h-index (Hirsch index), which measures the number of Keyword and tOpiC distributions
published articles (h) by an author or journal that have been

cited at least h times (Aria and Cuccurullo, 2017). The table in Among the different groups of significant terms related to
the middle of Figure 6 shows ASEE Annu. Conf. Expo. and Int. publications, keywords indicate essential concepts found in the
J. STEM Educ. to be the top two sources, each with an h-index of abstract and main text of articles while also functioning as
3. Notably, the two journals with an h-index of 1—Chemistry search terms that help readers easily find key themes, providing
Frontiers in Psychology frontiersin.org
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more information to guide data searches. Words included in an
abstract provide an overview of the content of the manuscript
and a guide to its essential written components, capturing
the core of an article. Lastly, the titles themselves convey the
principal topics of studies and highlight the significance of their
findings to attract readers (Chen et al,, 2018). Consequently,
identifying author keywords, associated phrases, and important
terms in titles and abstracts is essential for understanding the
essence of a group of articles.

Figure 7 illustrates word clouds generated using the
bibliometric package in RStudio, with larger-sized words
representing terms that appeared more often across articles. In
the author keyword cloud, the top words are “mathematics,”
“motivation,” “mindset,; “STEM, and “implicit theories.”
Additional important terms in the “Keywords Plus” cloud
include “stereotype threat,
“students;” “beliefs,” “performance,” and “science.” Lastly, other

“intelligence,” “achievement,”

important terms found in the title and abstract word clouds

» o«

include “growth”, “intervention”, “learning”, and “math”. The
thematic connections among these words may represent latent
trends in research on the growth mindset (Figure 3).

While word clouds are effective in visualizing keywords,
they are insufficient for understanding the connection
between these important terms and the topics they address.
Figure 8 presents a conceptual map that attempts to
depict the connections between concepts and ideas using
multidimensional scaling (MDS). In the map, words that
have similar distributions along the two dimensions appear
closer together (Aria and Cuccurullo, 2017). This map depicts
the average position of all column profiles. The distributions
of keywords on the map illustrate the two core topics of
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mathematics and education, with keyword clusters related
to the topics falling within the respective polygons that
represent them, namely, pink for mathematics and blue
for education. The size of the polygons and the number
of keyword points within them show that mathematics is
the more broadly addressed topic, including 53 keywords
such as “mindset conception,” “impact,” “test performance,”
“growth mindset,” and “ability.” Conversely, the blue triangle
representing education only includes six keywords: “education,”
“professional aspects,” “students,” “engineering education,”
“teaching,” and “technology”.

To further understand the themes addressed by the topics
and keywords included in the articles, mixed methods thematic
network analysis can be conducted to clarify the relationships
between concepts and terms. It has been discovered that a single
broad overarching thread deriving from a growth mindset
connects further to the keyword, thereby establishing a thematic
link between the nature of the study where the research is
being carried out. Figure 9 presents a bubble chart generated
to visualize the various themes addressed by the articles. The
distances of thematic network bubbles from the central axes
are functions of their relevance to growth mindset research
in mathematics education and their degree of development.
The chart shows that thematic networks are distributed across
all four quadrants. Highly developed and isolated themes in
the upper-left quadrant include engagement, implementation,
persistence, children, fluid intelligence, and skills. Declining
themes in the lower-left quadrant include computers, individual
differences, and technology, while emerging themes in the
same quadrant include adolescents, stereotype threats, and
academic achievement. Lastly, the basic transversal themes
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Abstract words

in the lower-right quadrant include education, teaching, and
entrepreneurship education. Only a few thematic bubbles
straddle two quadrants, such as engineering education,
professional aspects, and underrepresented minorities in the
bottom quadrants. This indicates that there are still a few topic
contents related to the growth mindset.

In the graph showing the distribution and development of
research topics over time, a shift over the ten years can be
noticed (see Figure 10). While topics in a given research field
may have something in common, they can also branch out
into other areas of study. Building on the resurgent interest
in mapping scientific paradigms (e.g., using a flow structure),
Figure 10 presents a flow diagram indicating the longitudinal
evolution of research themes included in the dataset. The left
side lists the top keywords in growth mindset research during
2012-2020, namely, “children,” “implicit theories;

» <«

students,”
and “science.” The right side lists the top keywords for 2021-
2022, namely, “performance,” “
threat,”

“anxiety.” The flows that connect the two lists of keywords

implicit theories,” “stereotype

“achievement goals,” “individual differences,” and
illustrate an evolution in the research from the concept
of mindsets to implicit theories with the growth mindset
alongside academic achievement. Notably, “implicit theories”
has branched out into “individual differences” and “anxiety”,
while “students” have fed back into “implicit theories.” This
visualization of keyword trends offers more explicit details
about the evolution of growth mindset research, specifically
illustrating the merger of “implicit theories” and “students”.
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Discussion

This
introduces

section discusses the results of our research
the

practice and research.

and potential implications for future

Growth mindset research in different
countries

As regards the results of factors relevant to the country of
origin (section “Factors relevant to country of origin”), they are
used to visualize the structure, description, and monitoring of
1964).
Figure 3 depicts a three-field plot hosting the corresponding

published research in a particular field (Garfield et al,,

author’s country, the name of the authors, and keywords that
define the central theme of the article. Figures 4, 5 refer to
the institutions wherein the authors are either employed or
are professionally associated to undertake the research in their
respective field of study. They all unveil several factors relevant
to growth mindset research in different countries by examining
keywords, institutions, and sources. Describing and analyzing
the topic of the growth mindset from an empirical perspective,
we surveyed important bibliometric factors related to countries,
sources, authors, and keywords. We also identified associations
between the emergence of growth mindset research and several
important keywords such as motivation, intelligence, and
performance. Our findings indicate that the USA has the
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most articles discussing the growth mindset. The reason is
that the concept originated in this country. Dweck (1999)
made a very substantial contribution when she introduced
the idea of a growth mindset in 1999. The definition has
since been refined and added to. By 2015, Dweck proposed
that competencies can be developed through dedication and
hard work, and it is this perspective that creates the love
of learning and the resilience that is essential to outstanding
achievement (Dweck, 2015). Articles from the USA also targeted
the broadest set of top keywords compared to articles from
other countries. However, it is also noted that Korea, China,
and Singapore have also made substantial contributions (see
Figures 3, 4). This is an encouraging sign that not only
Western but also Asian academics are gradually developing
and investigating the growth mindset in their own educational
systems. However, does the study conducted in each country
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have a unique interpretation of the development mindset? Are
there any differences or special features in the development of
a mathematical growth mindset across different regions? The
answers to these questions deserve further deep exploration.
Considering the concept of the growth mindset, which
originated in the USA, Western researchers have developed a
deeper conceptual understanding of the topic and produced
more research output than others. Understanding the influence
of the growth mindset, particularly the intervention of changing
the fixed mindset, is meaningful because it may be used
in countries with diverse student populations, such as the
USA—combatting stereotype threats successfully could have
a significant impact on student achievement (Altbach, 2004).
Around the world, nations are becoming more and more diverse
and multicultural, and immigrants may enter nations via land,
sea, and air. Regarding the complexity of cultural context for
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different students, a culture-specific growth mindset (e.g., Zeeb
et al.,, 2020) deserves future research attention. Moreover, the
focus on mathematics itself is a culturally transmitted body of
knowledge (Stigler and Baranes, 1988). For instance, the system
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of Hindu-Arabic numerals that we typically use to represent
numbers is applied in the majority of the world, particularly in
schools, thus promoting a level of commonality across cultures
in mathematical knowledge. Nonetheless, if we combine a
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growth mindset with different cultures of mathematics learning,
does this concept show commonality? What will transpire? Will
this be modified or accepted? At this point, it is worthwhile
to investigate the applicability of growth mindset theory to
other geographic regions, such as Asia, which requires further
exploration that considers different cultural backgrounds and
(1993)
emphasized the importance of culture in the classroom for the

beliefs about mathematics learning. Nelson et al

mental health of students living in multicultural neighborhoods.
They gave examples of some mathematics topics, showing
different approaches to these topics developed in different
cultures. Students have a chance to appreciate that there are
many different ways of arriving at the same answer. In this
setting, the use of multiculturalism is important and necessary
in this context in order to foster better self-development and
intercultural understanding. Therefore, future research should
consider more diverse cultural backgrounds and perceptions of
growth mindsets in mathematics learning.

Growth mindset research in students’
learning

Our findings identified four groups of important terms
in the dataset, namely, author keywords, “Keyword Plus”
phrases, title words, and abstract words. Excluding search
terms, the most frequent keywords were “motivation”, “STEM”,
“implicit theories”, “intelligence”, “achievement”, “beliefs”,
“anxiety”, and “intervention”. In conclusion, mathematical
mindsets or implicit theories (“implicit theories”) include
students’ self-concept and self-efficacy beliefs (“beliefs), as well
as their attitude about failure, which includes math anxiety
(“anxiety”), all of which determine their willingness to learn
mathematics (Meece et al, 1990; Panaoura et al, 2009).
Additionally, students’ mathematical beliefs are often cyclically
related to their academic achievement (“achievement”); in
turn, positive feedback on academic achievement provides
students with positive motivation to learn (Ross et al,, 2012).
Therefore, students’ academic achievement (“achievement”) and
motivation (“motivation”) are closely related to the growth
mindset (Zhao et al, 2018). On the other hand, a growth
mindset sees intelligence (“intelligence”) as a moldable trait
that is not fixed and could be improved through effort and
intervention (“intervention”) (Macnamara and Rupani, 2017;
Zhu et al, 2019). Additionally, the theories and intervention
methods related to mathematical beliefs could also be applied to
other STEM-related (“STEM”) disciplines (Boaler et al., 2021).

When we examine each keyword thoroughly, it is not
difficult to conclude that there are insufficient growth-mindset-
related keywords. The available analysis is very simplistic, and
no additional keywords interacted. Perhaps the lack of growth-
mindset-related research publications is the reason for this study
constraint. However, if we examine the field of mathematics
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education, it is widely considered that the addition of the growth
mindset theory to future study will yield greater opportunities.
Instead of just examining and comprehending this theory, we
expect that in the future, the direction and content of the
analysis will be clarified.

Moving on to focusing on the keywords and determining
their commonality between the research areas, the conceptual
structure map, as represented in Figure 8, provides a
high-level overview of the keyword clusters analyzed from
the bibliometric information. Two clusters were formed
using multivariate correspondence analysis by determining
their commonality. Surprisingly, segment topics that have

» <«

gained traction are “academic self-concept”, “test-performance”,
“lay theories”, and “expectancy-value theory”. It seems that
researchers are attempting to explain and describe the growth
mindset through various theories and students’ academic
performance. Regarding the studies by Sarrasin et al. (2018)
and Yeager et al. (2019), the growth mindset had positive
effects on student motivation and academic performance.
However, the findings of the keyword analysis in growth
mindset revealed no topics related to specific subfields in
mathematics, such as algebra, calculus, or geometry. Learning
mathematics should help students acquire knowledge and skills
in arithmetic, algebra, geometry, statistics, space, and structure
logically and systematically (Vinner, 2002). As for the teaching
of mathematics, different parts of mathematics may require
different pedagogies to inspire students’ mathematical thinking.
Hence, researchers may need to incorporate mathematical
content in the field of growth mindset research in the future,
to foster the growth mindset among students in mathematics
learning. The previous literature review indicated that learning
with a growth mindset could be considered a very promising
approach for students in learning mathematics. However, in the
results of the keyword analysis, we did not see any keywords
related to students’ learning, such as classroom learning or
classroom activity.

Another gap in the research of the analysis of the keywords
was that it did not address the topic of teachers’ mindsets and
parents’ mindsets. The influence of teachers and parents on
students’ mathematics learning has been well-investigated in
the literature. It seems necessary to investigate the impact of
teachers’ mindsets or parents’ mindsets on students’ growth
mindsets as well. Analysis in such research could be applied
to the teacher’s mindset of their past learning experience and
associated with teaching practices. For instance, if a teacher
does not have a growth mindset in mathematics teaching and
learning, can the teacher still teach mathematics effectively?
Can a teacher’s mindset be changed when the teacher wants
to change their students’ fixed mindset? What would be
the differences between teachers with and without a growth
mindset, when they aim to promote their students’ growth
mindset? Few studies mentioned the relationship between
the characteristics of mathematics teachers and their growth
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mindset (Shoshani, 2021). Those questions related to teachers
are possible inquiries for further study.

To conclude, research associated with more keywords needs
to be discussed, including comparative studies of mathematics
learning at different grade levels, student learning habits,
self-regulation, self-efficacy, mathematical thinking, and even
teachers’ mindsets. In addition to considering the topic matter
itself, researchers should also consider the learning experiences
of students. The development of a growth mindset that enables
learners to focus their attention is necessary for learners to
raise their interest and motivation in mathematics learning;
these strategies should be discussed in future research. Finally,
in practical terms, future educators should investigate how to
develop growth mindsets and skills progressively among their
students, implementing their insights into teaching designs.

Growth mindset research in different
themes

When facing the future challenges of a complex and
uncertain world, school education is undergoing a competency-
based curriculum reform (Organisation for Economic Co-
operation and Development [OECD], 2018). Students who are
best prepared for the future are change agents. They need a
broad set of knowledge, skills, attitudes, and values in action,
including broad and specialized knowledge, cognitive and meta-
cognitive skills, social and emotional skills, and practical and
physical skills. The use of this broader range of knowledge and
skills will be mediated by attitudes and values (Organisation
for Economic Co-operation and Development [OECD], 2018).
To process and apply their knowledge and skills in unknown
and evolving circumstances, mathematics can play a crucial
role. Mathematics and its applications permeate lots of facets
of contemporary life. However, mathematics, the significance of
which we feel affects every area of our lives, is not sufficiently
learned by many people for various reasons. This might be due
to the methods and tactics for learning mathematics, and also
may relate to students’ mathematics learning difficulty (MLD)
(Von Aster and Shalev, 2007; Hartmann, 2013), or mathematics
anxiety (Huang et al, 2019; Samuel and Warner, 2021). This
may further explain why the thematic evolution in Figure 10
is trending toward concretization, from student themes to
an emphasis on student anxiety and individual differences in
mathematics learning, for example. However, if we further
examine the thematic network, it is evident that various themes
are involved, and their connections appear to be very scattered
and macroscopic, such as gender and intelligence. Obviously, it
is evident that those studies are still shallow (as in Figures 8, 9).
Surprisingly, Figure 9 involves two variables: entrepreneurial
education and technology. It can be concluded that even though
the concept of the growth mindset is being investigated in
depth, the related connections still need to be explored more
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actively. Such as how to use this concept of a growth mindset
sufficiently to link technology to game-based learning in the
classroom. Can entrepreneurial education contribute to the
growth of students’ leadership capabilities? These associations
are not seen in the figure, and these factors are not adequately
studied in the mathematics discipline. No factors such as the
growth mindset versus geometry or algebra were addressed in
mathematics. Researchers are still regarding the discipline of
mathematics as a whole, and lack consideration of different
learning areas in mathematics, which may make a difference
in the development of a mathematical mindset. Some specific
questions can be further explored, such as how can growth
mindsets can be used to facilitate student learning in the domain
of numbers.

Conclusion

This review focused on research about the growth mindset
in mathematics, drawing on article metadata from two
different databases. Since researchers have begun exploring
the growth mindset in mathematics education, an increasing
trend in research outputs has been observed since 2012,
with achievement and academic success becoming popular
topics in education research. Given that no prior study has
used quantitative analysis and statistics to investigate pattern
relationships in the field of the growth mindset as a research
topic, the current study adopted the bibliometric package in
RStudio to analyze 85 studies published from 2012 to 2022,
revealing notable trends and hidden relationships in growth
mindset research.

The findings of this study address prevalent subject areas
and find new networks of research topics for the growth
mindset in mathematics education. They may help mathematics
educators gain a deeper, more diverse understanding of current
research on the theme, which can then help them design or
explore possible effective strategies for the development of
students’ growth mindset. However, we acknowledge that this
review remains limited as it only analyzed limited journal
articles published within the past decade. Different types of
documents such as research reports or book chapters from more
databases can be considered. Nevertheless, based on the results
of this review, we make several recommendations for future
practice and research. Our findings suggest that additional
aspects should be considered in research on the growth mindset
in mathematics teaching and learning, including mathematical
knowledge, cultural differences, and learner characteristics. To
sum up, this review contributes to the understanding of the
primary topics in the research on the growth mindset in
mathematics, the concept of the growth mindset, and possible
directions for further research on the growth mindset in
mathematics education.
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This study focuses on the measurement of mathematical ability in the Chinese
Compulsory Education Qualification Monitoring (CCEQM) framework using
bifactor theory. First, we propose a full-information item bifactor (FIBF) model
for the measurement of mathematical ability. Second, the performance of the
FIBF model is empirically studied using a data set from three representative
provinces were selected from CCEQM 2015-2017. Finally, Monte Carlo
simulations are conducted to demonstrate the accuracy of the model
evaluation indices and parameter estimation methods used in the empirical
study. The obtained results are as follows: (1) The results for the four used
model selection indices (AIC, SABIC, HQ, BIC) consistently showed that the
fit of the FIBF model is better than that of the UIRT; (2) All of the estimated
general and domain-specific abilities of the FIBF model have reasonable
interpretations; (3) The model evaluation indices and parameter estimation
methods exhibit excellent accuracy, indicating that the application of the FIBF
model is technically feasible in large-scale testing projects.

KEYWORDS

full-information bifactor item factor model, mathematical ability, item response
theory, China compulsory education quality monitoring, large scale testing

1. Introduction

The Chinese Compulsory Education Qualification Monitoring (CCEQM) project
(The National Assessment Center for Education Quality, 2018), which is organized by the
Basic Education Quality Monitoring Centre (BEQMC) under the Ministry of Education
of the People’s Republic of China (MOE), is the largest student assessment project in
China. CCEQM applies to mathematics, Chinese reading, science, moral education,
art, and physical education. Each subject is monitored every 3 years, with a focus on
two subjects per year (Jiang et al., 2019). The first assessment cycle ran from 2015 to
2017, with a total of 572,314 fourth-grade and eighth-grade students from 32 Chinese
provinces, municipalities, and autonomous regions participating in the assessment (Yin,
2021). In July 2018, the first CCEQM Report was released, attracting considerable
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attention in China. Furthermore, CCEQM 2015-2017 evaluated
students’ academic achievements based on the concept of core
literacy. Therefore, the work conducted toward CCEQM 2015-
2017 provides valuable experience for educational evaluation
reform in China.

Mathematics is one of the most important basic subjects
in the compulsory education stage of China, and mathematical
literacy is the core content assessed by CCEQM 2015-
2017. On the basis of the “10 core concepts” put forward
by the “Mathematics Curriculum Standard of Compulsory
Education (2011 Edition),” and referring to the experience
of international large-scale assessment projects such as the
Programme for International Student Assessment (PISA) or
the Trends in Mathematics and Science Study (TIMSS), a
mathematics literacy assessment framework was developed by
the experts of BEQMC for CCEQM 2015-2017. Specifically, in
the mathematics literacy framework, mathematical ability—as
a general concept—includes the five domains of “mathematical

» o«

computation,” “space imagination,” “data analysis;” “logical
reasoning,” and “problem solving” (The National Assessment
Center for Education Quality, 2018; Jiang et al., 2019). The first
four are the same as those in the mathematics literacy framework
developed by the “Mathematics Curriculum Standards of Senior
High School (2017 Edition)” and the “Mathematics Curriculum
Standards of Compulsory Education (2022 Edition).” The
domain of “problem solving” was defined by reference to PISA
2012 (OECD, 2014), and covers the ability to discover, analyze,
and solve problems. The definitions of mathematical ability, as
well as the five domains, are not the focus of this study, so they
are not described in detail here.

In CCEQM 2015-2017, the subscores on the five cognitive
domains for mathematics are estimated using between-item
multidimensional IRT (MIRT) models, and the unidimensional
IRT (UIRT) model is used to estimate the overall score for
mathematics (Jiang et al., 2019). Note that the UIRT model
is also the main measurement model in PISA (OECD, 2014).
There are some issues that need attention. First, the subscores
on the five domains must be strongly correlated, because all five
domains share common cognitive and intelligence influences.
The common element is not captured in the between-item
MIRT models, which is likely to result in a false interpretation
of the subscores. However, the one-factor structure of the
UIRT model does not match the five-dimensional assessment
framework, in which only the common element is considered,
and so the idiosyncratic nature of each domain cannot be
explained. Furthermore, as discussed by Jiang et al. (2019), the
subscores are hardly comparable with the overall score, as they
are obtained from different models. Therefore, it is desirable
to develop a more powerful and reasonable measurement
model for the evaluation of mathematical ability in large-scale
assessment projects.

Bifactor models are a powerful approach for representing
a general construct comprised of several highly correlated
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domains (Chen et al, 2006; Bornovalova et al., 2020), in
which the common and unique elements of all domains
are modeled separately. The bifactor theory and model were
originally proposed by Holzinger and Swineford (1937) to
rectify the problem of adequately separating a single general
factor of intelligence (Spearman, 1904) from domain factors. To
analyze item response data using a bifactor structure, Gibbons
and Hedeker (1992) and Gibbons et al. (2007) generalized
the work of Holzinger and Swineford (1937) to derive full-
information item bifactor (FIBF) models for dichotomous and
polytomous response data, respectively. Cai et al. (2011) further
extended the FIBF framework to a multiple-group model that
supports a variety of MIRT models for an arbitrary mixture
of dichotomous, ordinal, and nominal items. After years of
relative neglect, bifactor analysis has become an important
statistical method for handling multidimensional concepts. The
bifactor model has been used primarily in studying intelligence
and personality (Gault, 1954; Acton and Schroeder, 2001;
Rushton and Irwing, 2009a,b; Watkins, 2010; Martel et al., 2011;
McAbee et al., 2014; Watkins and Beaujean, 2014; Cucina and
Byle, 2017; Moshagen et al., 2018). Recently, it has become
increasingly popular across a broad range of research fields
such as depression and anxiety (Simms et al., 2008; Gomez
and McLaren, 2015; Kim and Eaton, 2015; Olatunji et al.,
2017; Snyder et al., 2017; Jorge-Botana et al., 2019; Heinrich
et al.,, 2020; Waldman et al., 2020; Arens et al., 2021; Caiado
et al., 2022), health outcomes (Reise et al., 2007; Leue and
Beauducel, 2011; Shevlin et al., 2016; Monteiro et al., 2021),
emotion expression (Caiado et al., 2022), and cognitive abilities
(McFarland, 2013, 2016; Beaujean et al.,, 2014; Valerius and
Sparfeldt, 2014; Foorman et al., 2015). In addition, as a special
case of confirmatory MIRT modeling, FIBF models have been
used to address some important problems in psychological and
educational measurement. For instance, modeling test response
data and identifying the local dependence of item responses
(DeMars, 2006; Liu and Thissen, 2012), assessing the dimension
of test scales (Immekus and Imbrie, 2008), and equating and
vertical scaling of test scores (Li and Lissitz, 2012; Kim and Cho,
2020). It is apparent that the advantages and values of bifactor
analysis have been largely verified and are widely recognized.
Motivated by previous studies, this article proposes a
bifactor structure for mathematical ability, and applies a mixed
FIBF model to assess mathematical achievement. Furthermore,
an empirical study is conducted based on data from three
representative provinces sampled for the CCEQM 2015-2017
survey. The main tasks of this empirical study are to verify the
advantages of the FIBF model over the traditional models of
between-item MIRT and UIRT, and to interpret the bifactor
scores of mathematical ability. Furthermore, to ensure the
accuracy of the empirical analysis, a Monte Carlo simulation
study is conducted to investigate the performance of the
statistical analysis methods used in the empirical study. Finally,
we summarize the research conclusions and review the main
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results of this study, while identifying its limitations, and discuss
some future research issues.

2. FIBF model for mathematical
ability in CCEQM 2015-2017

The Mathematics Curriculum Standards of Senior High
School (2017 Edition) stated that “.different domains of
mathematical literacy are not absolutely different, but integrated

»

with each other..” So the five domains (“mathematical

» o«

computation,” “space imagination,” “data analysis,” “logical
reasoning,” and “problem solving”) are different and represent
different aspects of mathematical ability, but they must have a
overlap or common part. From this point of view, we consider
that the bifactor structure is suitable for modeling the assessment
of mathematical ability.

The item bifactor measurement structure for mathematical
ability is illustrated in Figure 1A, where the observed categorical
responses are indicated by squares, the latent factors are
represented by circles. All items load on a general or common
factor, although each item loads on only one group or domain-
specific factor. The general factor, which represents the common
element of all aspects of mathematical ability, is interpreted as
the general mathematical ability, which is a broadly defined
concept. The five group factors represent the unique elements
of the five domains, and can be interpreted as domain-specific
mathematical abilities that are conceptually more narrowly
defined mathematical facets. The particularity and commonality
of mathematical ability are represented together in the bifactor
structure.

When there is no group factor, the bifactor structure is
reduced to a one-factor structure; when there is no general
factor, it is a five-factor structure. From this point of view,
the bifactor model can be thought of as a combination of
one-factor and five-factor structures. Because the commonality
of the five domains of mathematical ability is explained by
the general factor, the general and group factors are assumed
to be orthogonal in the bifactor analysis. The orthogonality
of general and specific factors is beneficial for evaluating
the relative contribution of each factor to the overall test
performance. In the following, an FIBF model is proposed for
the math test item response data under the bifactor structure of
mathematical ability.

Consider j 1,...,M items in the total item pool, each
scored in K] > 2 categories, where K] = 2 indicates that the item
is scored dichotomously. Let there be i = 1, ..., N independent
students, and let Xj; (with xj; representing one observation)
denote the response variable from person i to item j. Without
loss of generality, we assume that Xj; takes integer values from
{0,1,...Kj — 1}. Let ; = (601 05;) denote the vector of
the latent mathematical ability of student i, wherein 0p; denotes

the general mathematical ability and (6;;...,05;) denote the five
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domain-specific mathematical abilities. The mathematics testing
instrument consists of two types of items: dichotomously scored
items and graded scored items. Thus, the FIBF model must be
a mixed dichotomous and polytomous model. To represent the
dichotomous item response data, the bifactor extension of the 2-
parameter logistic (2PL) model is used. The 2PL is one of the
most important dichotomous IRT models, and is widely used
in practice. When item j is a dichotomous item, Xj; € {0,1};
Xij = 1 denotes the correct response, and X,-j = 0 otherwise. The
conditional probability of the correct response given 6y; and 0,;
is formulated as

exp(agjfoi + ayjbyi + bj)

P(X;i = 1|00j, 6vi) = )
(i = 116061 1 + exp (agjfoi + avjOyi + bj)

1)

where ag;j and ay; are the item slopes, which are analogous to
the factor loading parameters on the general factor and the
domain-specific factor, and bj is the item intercept parameter.
The bifactor extension of the logistic version of GRM is
used to represent the graded item response data. When item j
is graded, X,-j e {0, 1,...,Kj — 1} and KJ > 2. The conditional
probability of response category k given 0y; and 0,; is formulated

as
P(Xjj = kl6oi, 0vi) = P(Xjj > kl6oi, 0yi) — P(Xj; > k
+ 1100;, Oyi), )
and
P(Xij = 01600, 0yi) = 1, (3)
exp (agjfoi + avjtvi + byj)
P(Xij = kl6oi» bi) = g 4 I,
1 + exp (aojtoi + ayjtyi + bkj)
k=1..K -1, (4)
P(Xij > Kjl0oi» 0yi) = 0, (5)

where by, ..., b(Kj—l)j are the set of Kj — 1 (strictly ordered)
intercepts. As before, aj and ay; are the item slope parameters.

Importantly, the statistical inference (such as parameter
estimation and model fit evaluation) using the FIBF models
is mature, and a number of software packages have been
developed. At present, the application of the FIBF model is
technically feasible in modeling the incomplete mixed item
response data that often occur in large-scale testing projects.
Zhan et al. (2019) proposed a third-order DINA model,
which is a cognitive diagnosis model, for assessing scientific
literacy in PISA 2015. As verified by Zhan et al. (2019),
this third-order Deterministic Inputs Noisy “And” gate model
(DINA) model has some advantages over the UIRT model
for modeling scientific test data. However, the DINA model
is dichotomous, and cannot model polytomous response data,
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which greatly limits its application in large-scale assessment
projects. From this point of view, practicality and feasibility
are important benefits of using the FIBF model to measure
mathematical ability.

The second-order factor model is an alternative method for
representing general constructs consisting of multiple highly
related domains (Chen et al., 2006). The second-order factor
structure for mathematical ability is illustrated in Figure 1B, in
which the five domains of mathematical ability are explained
by defining five first-order factors, and correlations among the
five domains are identified by stipulating a single second-order
factor. In the second-order model, general mathematical ability
is conceptualized in terms of a second-order factor. Different
from the bifactor model, the effects of the second-order factor
on the item responses are mediated by the five first-order
factors. Consequently, the first-order factors reflect two sources
of variance (general and group), while the group factor in the
bifactor model only reflects group effects. The bifactor model
directly separates the unique contributions to the item responses
of the general and group factors. Compared with the second-
order model, the bifactor model makes evaluating theoretical
hypotheses about general and group factors clearer and more
interpretable. Furthermore, the second-order model is simply
a more constrained version of the bifactor model. The second-
order structure can be derived from the bifactor structure by
constraining the ratio of the weights between any given specific
factors and keeping the general factor constant (Reise, 2012).
Overall, in contrast to the second-order model, the bifactor
model makes theoretical hypotheses more interpretable, and has
more degrees of freedom with which to fit the data. In addition,
several studies have verified that bifactor models can produce a
better fit than second-order models (Morgan et al., 2015; Cucina
and Byle, 2017; Bornovalova et al., 2020).

3. Empirical study
3.1. Data description

Data from three representative provinces were selected from
the CCEQM 2015-2017 survey, in which 2,017 fourth-grade
students (53% males) and 1,404 eighth-grade students (54%
males) participated. To ensure the representativeness of the
data, three provinces were selected from different geographical
regions (east, middle, and west), economic development levels
(developed, moderately developed, and less developed), and
mathematical academic achievement ranking (high, middle,
and low).

Let us introduce the design of the mathematical assessment
instrument in CCEQM. To ensure broad content coverage
while avoiding an excessive testing burden, the partial balanced
incomplete block design was employed to administer the math
tests. Specifically, for the fourth-grade students, 59 items were
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allocated to six test booklets, each booklet consisting of 10
dichotomous items and 8 polytomous items; for the eighth-
grade students, a total of 60 items were grouped into six test
booklets, each booklet consisting of 12 dichotomous items and
8 polytomous items. Each student was assessed with only one
booklet and each booklet was completed by several of the
students. In this way, the testing time was held to <2 h, and
all five domains of mathematical literacy could be adequately
covered. However, the incomplete test administration design
resulted in incomplete test data, which increases the difficulty of
data analysis. In this empirical study, the R package “mirt” was
used to conduct the statistical analysis. This package allows for
statistical inferences on multidimensional item response models
under incomplete test administration; additionally, it is open
source and can be easily obtained.

Three competing models were fitted to the data, namely the
FIBF (bifactor structure), between-item MIRT (correlated-factor
structure), and UIRT (one-factor structure) models. The MIRT
was estimated using the Metropolis-Hastings Robbins-Monro
(MH-RM) algorithm of Cai (2010), whereas the FIBF and UIRT
were estimated using the expectation-maximization algorithm,
with the mathematical abilities of students estimated using the
expectation a posteriori (EAP) estimation. These estimation
methods are commonly used in practice and are known to be
powerful. Bifactor models are more general than one-factor,
correlated-factor, and second-order factor models, and are thus
more prone to overfitting (DeMars, 2006; Murray and Johnson,
2013; Rodriguez et al., 2016; Bonifay and Cai, 2017; Greene et al.,
2019; Sellbom and Tellegen, 2019), that is, a bifactor model is
inappropriately favored by model selection indices. Therefore,
overfitting is an important issue in the use of bifactor models.
To avoid unreasonable model fitting, the four commonly used
model selection indices of Akaike’s information criterion (AIC;
Alkaike, 1987), Bayesian information criterion (BIC or Schwarz
criterion; Schwarz, 1978), Hanna-Quinn index (HQ; Hannan
and Quinn, 1979), and sample size-adjusted BIC (SABIC; Sclove,
1987) were computed to compare the model fitting.

3.2. Results

3.2.1. Comparison of models

First, the obtained values of the four model selection indices
(AIC, SABIC, HQ and BIC) for the three competing models
are reported in Table 1. The four model selection indices of the
FIBF model are consistently smaller than those of the other two
models, with the largest values given by the between-item MIRT
model. These results consistently support the FIBF model as the
best for fitting this empirical data. The fit of the UIRT model is
better than that of the MIRT model.

Further,
five latent abilities of the between-item MIRT model are

the estimated correlation coefficients of the

given in Figure 2. All values are larger than 0.7, and most
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FIGURE 1

(A) Bifactor structure of mathematical ability. (B) Second-order factor structure of mathematical ability.
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TABLE 1 Four model selection indices (AIC, SABIC, HQ, and BIC) of the three competing models (FIBF, MIRT, and UIRT) for fitting the mathematics

test data of the fourth and eighth grades in CCEQM 2015-2017.

AIC

Fourth grade FIBF 45916
MIRT 46199

UIRT 46166

Eighth grade FIBF 29213
MIRT 30363

UIRT 29613

The smallest values of the four model selection indices are bold.

of them are above 0.8, indicating that the five domains
of mathematical ability are highly related. The strong
correlations among the five domains of mathematical
ability once again support the assertion that the bifactor
structure is suitable for representing mathematical ability.
Based on these results, it is not surprising that the four
model selection indices consistently demonstrate that UIRT
is superior to between-item MIRT, because a between-item

MIRT model with a high related factor structure is close to
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SABIC HQ BIC
46422 46342 47029
46586 46525 47088
46528 46471 47068
29640 29617 30294
30684 30667 31176
29916 29802 30380

the UIRT model, and the model evaluation indices prefer
simpler models.

3.2.2. Correlation analysis of the factor scores
To investigate the performance of the FIBF model, the
relationships between the mathematical ability scores from
the FIBF model and those from the between-item MIRT and
UIRT models were analyzed. First, the correlation coefficients
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FIGURE 2
Estimated correlation coefficients between the five
domain-specific abilities of the between-item MIRT model for
students in the fourth and eighth grades. MC, mathematical
computation; LR, logical reasoning; Sl, space imagination; DA,
data analysis; PS, problem solving. (A) Fourth grade. (B) Eighth
grade

between the general ability of the FIBF and the ability
parameter of the UIRT model (denoted as R) were computed;
the results are shown in Figure 3. Almost all points fall on
the diagonal, and the correlation coefficients for both the
0.996, that is,
they are approximately equal to 1.00. This indicates that the

~

fourth- and eighth-grade students are R

general mathematical ability reflected by the FIBF model is
nearly equal to the ability suggested by the UIRT model. This
phenomenon supports the assertion that general factor of the
FIBF model can be interpreted as the general mathematical
ability and represents the common element of the five domains
of mathematical ability.
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FIGURE 3
Correlation coefficients between the general abilities of the FIBF
model and the abilities of the UIRT model for students in the
fourth and the eighth grades. (A) Fourth grade. (B) Eighth grade.

Second, the correlation coefficients between the five domain-
specific mathematical abilities of the FIBF model and those
of the MIRT model were computed; the results are presented
in Figure 4. For the fourth-grade students, the correlation
coeflicients of the same domain-specific mathematical ability
from the two models are between 0.3 and 0.6, and exhibit
moderate positive correlations; for the eighth-grade students,
these correlation coeflicients are slightly smaller. However,
for both grades, the correlation coefficients between different
domain-specific mathematical abilities from the two models are
close to 0.0. Based on these results, it can be concluded that the
group factors of the FIBF model represent the unique elements
of the five specific domains. Additionally, we conducted a
correlation analysis of the estimated latent factors in the FIBF
model, which reflects whether the latent factors are orthogonal;
the results are presented in Figure 5. All of the correlation
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FIGURE 4
Correlation coefficients between the five domain-specific
abilities of the FIBF model and those of the between-item MIRT
model. MC, mathematical computation; LR, logical reasoning;
SI, space imagination; DA, data analysis; PS, problem solving. (A)
Fourth grade. (B) Eighth grade

coeflicients are very close to 0.0, which strongly indicates that the
general and domain-specific latent abilities are independent. In
addition, due to the independence of general and specific factors,
the relative contribution of each to the overall test performance
can be evaluated more readily.

Overall, the results obtained in this empirical study
demonstrate that the bifactor model is a powerful approach for
representing the intercorrelations among the five domains of
mathematical ability. The FIBF model provides a better fit to
the empirical data and a cleaner interpretation of mathematical
ability than the MIRT and UIRT models.

4. Monte Carlo simulation study

In this section, a Monte Carlo simulation is used to illustrate
the performance of the four model selection indices and the
parameter estimation methods used in the empirical study.
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FIGURE 5
Correlation coefficients between the six abilities (the general
ability and the five domain-specific abilities) of the FIBF model
for students in the fourth and eighth grades. GMA, general
mathematical ability; MC, mathematical computation; LR,
logical reasoning; S, space imagination; DA, data analysis; PS,
problem solving. (A) Fourth grade. (B) Eighth grade.

4.1. Design

As in the mathematics test in CCEQM 2015-2017, there
were six booklets in this simulated test, each including 20 items
(12 dichotomous and 8 three-category items). Furthermore,
each booklet had items in common with two other booklets; for
instance, of the 20 items in “Booklet A, 10 items were the same
as those in “Booklet B,” and 10 items were the same as those in
“Booklet C.” Thus, there were M = 60 items in total. In addition,
as for CCEQM 2015-2017, the 60 items were divided into five
dimensions. The sample size of the test takers was N = 2,000,
similar to the sample size of students in the empirical study.
Each booklet was answered by > 300 test takers, and each item
was included in two booklets. Thus, each item was answered by
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TABLE 2 Four model selection indices (AIC, SABIC, HQ, and BIC) of the three competing models (FIBF, MIRT, and UIRT) under the condition that the

generating model is FIBF.

AIC SABIC HQ BIC AIC SABIC HQ BIC

FIBF 49737 50210 50151 50858 FIBF 49543 50016 49957 50,664
MIRT 50175 50532 50487 51021 MIRT 49990 50343 50302 50836
UIRT 50652 50986 50944 51443 UIRT 50423 50757 50716 51215
FIBF 50122 50479 50434 50968 FIBF 49773 50245 50186 50894
MIRT 50652 50986 50944 51443 MIRT 50271 50628 50583 51117
UIRT 50755 51088 51047 51546 UIRT 50755 51088 51047 51546
FIBF 49750 50223 50163 50871 FIBF 49629 50102 50043 50751
MIRT 50174 50535 50491 51025 MIRT 50110 50467 50423 50957
UIRT 50561 50895 50853 51353 UIRT 50634 50968 50926 51426
FIBF 49773 50246 50187 50894 FIBF 49855 50328 50269 50976
MIRT 50300 50657 50612 51146 MIRT 50318 50675 50630 51164
UIRT 50749 51083 51041 51540 UIRT 50768 51102 51060 51559
FIBF 49839 50312 50253 50961 FIBF 49920 50393 50334 51041
MIRT 50222 50579 50534 51068 MIRT 50344 50701 50656 51190
UIRT 50696 51030 50988 51488 UIRT 50765 51099 51057 51557
FIBF 49863 50336 50277 50984 FIBF 49661 50134 50075 50783
MIRT 50230 50587 50542 51076 MIRT 50181 50538 50493 51027
UIRT 50736 51070 51029 51528 UIRT 50684 51018 50976 51475
FIBF 49941 50414 50355 51062 FIBF 49740 50213 50154 50862
MIRT 50375 50732 50688 51221 MIRT 50230 50587 50543 51077
UIRT 50836 51170 51128 51627 UIRT 50646 50980 50938 51437
FIBF 49741 50214 50155 50862 FIBF 49947 50420 50361 51068
MIRT 50172 50529 50485 51019 MIRT 50381 50738 50693 51227
UIRT 50565 50899 50857 51356 UIRT 50834 51168 51127 51626
FIBF 49516 49989 49930 50638 FIBF 49829 50302 50243 50950
MIRT 50021 50378 50334 50868 MIRT 50335 50692 50647 51181
UIRT 50435 50769 50727 51226 UIRT 50752 51085 51044 51543
FIBF 49618 50091 50031 50739 FIBF 49916 50389 50329 51037
MIRT 50114 50471 50426 50960 MIRT 50375 50732 50687 51221
UIRT 50525 50859 50818 51317 UIRT 50850 51184 51142 51641
The smallest values of the four model selection indices are bold.

2

> 600 test takers. Overall, the design of this simulation mimics
the real situation of CCEQM 2015-2017 as much as possible.
To guarantee that the superior fit of the FIBF model to
the empirical data is not due to overfitting, the performance
of the four model fit assessment indices (AIC, BIC, SABIC,
and HQ) is investigated. In this simulation study, the FIBF,
MIRT, and UIRT models were used as the generating models
respectively to generate item response data. Let U(l1, ;) denote
the uniform distribution with a range of [I1, 5], and N (u,02)

Frontiersin Psychology

denote the normal distribution with mean © and variance o~.
Let MVN(A,X) denote the multivariate normal distribution
with mean vector A and covariance matrix X. Based on the
results of empirical data analysis, the true values of the item
parameters of the three models are selected as follows.

a) FIBF generating model

The slope parameters ag; and ay; are sampled from

agj ~ U(0.5,2.5) (6)
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TABLE 3 Four model selection indices (AIC, SABIC, HQ, and BIC) of the three competing models (FIBF, MIRT, and UIRT) under the condition that the

generating model is between-item MIRT.

AIC SABIC HQ BIC AIC SABIC HQ BIC

MIRT 54761 55118 55073 55607 MIRT 54904 55261 55216 55750
FIBF 54868 55341 55282 55989 FIBF 54993 55466 55407 56114
UIRT 55139 55473 55431 55930 UIRT 55378 55712 55670 56109
MIRT 54676 55033 54988 55522 MIRT 54772 55129 55085 55619
FIBF 54780 55253 55194 55901 FIBF 54936 55409 55350 56057
UIRT 55074 55408 55366 55865 UIRT 55188 55522 55480 55980
MIRT 54796 55153 55109 55642 MIRT 54853 55210 55165 55699
FIBF 54925 55398 55339 56046 FIBF 54985 55458 55399 56106
UIRT 55085 55419 55377 55876 UIRT 55284 55618 55576 56076
MIRT 54866 55223 55178 55712 MIRT 54638 54995 54951 55485
FIBF 55007 55480 55421 56129 FIBF 54770 55243 55184 55891
UIRT 55283 55617 55575 56075 UIRT 55084 55417 55376 55875
MIRT 55003 55360 55316 55849 MIRT 54932 55289 55244 55778
FIBF 55122 55595 55536 56243 FIBF 55043 55516 55456 56164
UIRT 55417 55751 55710 56209 UIRT 55315 55649 55607 56106
MIRT 54919 55276 55231 55765 MIRT 54758 55115 55071 55605
FIBF 55046 55519 55459 56167 FIBF 54879 55352 55293 56000
UIRT 55286 55619 55578 56077 UIRT 55180 55514 55472 55971
MIRT 54722 55079 55034 55568 MIRT 54637 54994 54950 55484
FIBF 54847 55320 55261 55968 FIBF 54739 55212 55152 55860
UIRT 55138 55472 55430 55929 UIRT 54988 55321 55280 55779
MIRT 54808 55165 55121 55655 MIRT 54993 55351 55306 55840
FIBF 54919 55392 55333 56040 FIBF 55122 55595 55536 56243
UIRT 55079 55412 55371 55870 UIRT 55419 55753 55711 56211
FIBF 54756 55113 55069 55602 MIRT 54721 55078 55033 55567
MIRT 54869 55342 55283 55990 FIBF 54858 55331 55272 55979
UIRT 55130 55464 55422 55921 UIRT 55156 55490 55448 55947
MIRT 54824 55181 55137 55671 MIRT 54796 55153 55108 55642
FIBF 54935 55408 55348 56056 FIBF 54906 55379 55320 56027
UIRT 55222 55555 55514 56013 UIRT 55178 55512 55470 55970
The smallest values of the four model selection indices are bold.

and while for three-category items, the intercept parameters b; =

(b1j, by;) are randomly sampled from
ayj ~ U(0,1.5) (7) A

forv=1,.,5andj=1,., M.

The simulated test is a combination of dichotomous and
three-category items, and the intercept parameters of the two
types of item response models are different. For dichotomous
items, the intercept parameter b; is sampled from

bj ~ N(0.0, 1.0), (8)
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blj ~ U(-2.0,0.0), sz |blj ~ U(hlj, blj +2.0) 9)
forj=1,..,M.

The latent abilities of the test takers are orthogonal in the
FIBF model, so the true values of 6; are randomly generated
from

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.1049472
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Meng et al.

10.3389/fpsyg.2022.1049472

TABLE 4 Four model selection indices (AIC, SABIC, HQ, and BIC) of the three competing models (FIBF, MIRT, and UIRT) under the condition that the

generating model is UIRT.

AIC SABIC HQ BIC AIC SABIC HQ BIC
UIRT 45512 45845 45804 46303 UIRT 45457 45789 45747 46243
FIBF 45548 46021 45962 46669 FIBF 45500 45971 45912 46615
MIRT 45633 45990 45945 46479 MIRT 45553 45908 45863 46394
UIRT 45106 45440 45398 45897 UIRT 45406 45738 45696 46192
FIBF 45150 45623 45564 46271 FIBF 45425 45896 45837 46541
MIRT 45201 45535 45487 46017 MIRT 45507 45862 45817 46348
UIRT 45397 45728 45687 46182 UIRT 45430 45764 45722 46221
FIBF 45440 45911 45852 46556 FIBF 45478 45951 45892 46599
MIRT 45493 45848 45804 46334 MIRT 45539 45896 45851 46385
UIRT 45799 46133 46091 46590 UIRT 45430 45763 45722 46221
FIBF 45856 46329 46270 46977 FIBF 45468 45941 45881 46589
MIRT 45915 46272 46228 46761 MIRT 45501 45858 45813 46347
UIRT 45574 45906 45864 46360 UIRT 45511 45843 45801 46297
FIBF 45622 46093 46034 46738 FIBF 45561 46031 45973 46676
MIRT 45672 46027 45983 46513 MIRT 45613 45968 45923 46454
UIRT 45030 45364 45322 45821 UIRT 45536 45870 45828 46327
FIBF 45084 45557 45498 46205 FIBF 45572 46045 45986 46693
MIRT 45130 45487 45442 45976 MIRT 45653 46010 45965 46499
UIRT 45632 45989 45944 46478 UIRT 45327 45658 45617 46113
FIBF 45737 46207 46149 46852 FIBF 45374 45844 45785 46489
MIRT 45737 46068 46027 46523 MIRT 45437 45792 45748 46278
UIRT 45545 45879 45837 46337 UIRT 45710 46042 46001 46496
FIBF 45592 46065 46006 46713 FIBF 45757 46228 46169 46873
MIRT 45640 45996 45952 46486 MIRT 45805 46159 46115 46646
UIRT 45200 45532 45490 45986 UIRT 45353 45684 45643 46138
FIBF 45237 45707 45648 46352 FIBF 45385 45855 45797 46500
MIRT 45317 45671 45627 46157 MIRT 45469 45824 45780 46310
UIRT 44973 45307 45265 45764 UIRT 45261 45595 45553 46052
FIBF 45004 45477 45418 46125 FIBF 45288 45761 45701 46409
MIRT 45084 45441 45396 45930 MIRT 45364 45721 45676 46210
The smallest values of the four model selection indices are bold.
0; ~ MVN(0gx1,1s) (10) need to be generated. The true value of ayj is sampled from,

fori=1,...,N; here, 0gx isa 6 x 1 vector in which all elements
are 0 and I¢ is the five-dimensional identity matrix.

b) Between-item MIRT generating model

The between-item MIRT model can be derived from the
FIBF model with the constraint that ag; = 0 for all items, that
is, only the domain-specific slope parameters a,j(v = 1,..,5)
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ayj ~ U(0.5,2.5) (11)
forv=1,..,5andj=1,..,M.

The generation of the true values of the intercept
parameters is the same as for the FIBF model, that is,
bj (dichotomous items) and bj (three-category items)
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TABLE 5 ARMSE (ACor) values for the estimation of the item slope and intercept parameters in the three models: FIBF, between-item MIRT, and UIRT.

General-factor slope

a0 ai az
FIBF 0.19 (0.95) 0.27 (0.95) 0.29 (0.94)
MIRT - 0.24 (0.98) 0.28 (0.97)
UIRT 0.19 (0.97) - -

are sampled from the distributions in Equations (8) and
9).

The latent ability factors of the between-item MIRT model,
0; = (01,....0;5)', are correlated, and the true values of 6; are
sampled from

0; ~ MVN(05x1, Zg), (12)

where Xg is a 5 X 5 covariance matrix, for i = 1,..,N. In
this simulation, the main diagonal elements of Xg are fixed to
1, and the remaining elements are covariance parameters that
are randomly drawn from a uniform distribution over the range
[0.4,0.8].

c) UIRT generating model

The UIRT model can be derived from the FIBF model with
the constraint that ayj =0 for v = 1,..,5. There is only one
general ability 0p; in the UIRT case. The true values of aoj bj,
and bj are drawn from the distributions in Equations (6), (8),
and (9) for j = 1, ..., M; 6p; is randomly drawn from N(0, 1) for
i=1,..,N.

In this 20
under each simulation condition, and each simulated
dataset was fitted by the three models: FIBE between-
item MIRT, and UIRT. All simulations were conducted
using the R software, and the four model evaluation
indices (AIC, BIC, SABIC, and HQ), as well as the model
estimations, were computed based on the “mirt” R package.

simulation, replications were performed

Note that, if you need the R code, you can contact the
authors.

4.2. Results

4.2.1. Behavior of model selection indices

The values of AIC, SABIC, HQ, and BIC for the FIBE, MIRT,
and UIRT models are reported in Tables 2-4.

Table 2 presents the results obtained under the condition
that the FIBF is the true model. The four model selection
indices of the FIBF model are consistently the smallest, which
suggests that the FIBF is the best model under this simulation
condition. Furthermore, across the 20 replications, the four
model evaluation methods consistently suggest that the MIRT
model is better than the UIRT model. Because the generating
model is FIBE which is a multidimensional structure, it is correct

Frontiersin Psychology

173

Specific-factor slope Intercept
as ay as b
0.27 (0.97) 0.29 (0.95) 0.28 (0.94) 0.15 (0.98)
0.32(0.99) 0.25 (0.99) 0.26 (0.99) 0.15 (0.99)
- - - 0.15 (0.99)

that the model selection indices support the fit of the MIRT
model being better than that of the UIRT model.

Table 3 presents the results obtained under the condition
that the between-item MIRT is the true model. All four indices
consistently suggest that MIRT, which is the generating model, is
the best model. Furthermore, the values of AIC, SABIC, and HQ
for the FIBF model are smaller than those for UIRT, whereas the
opposite is true for BIC. That is, in comparison with the other
model selection methods, the BIC prefers simpler models.

Table 4 presents the results obtained under the condition
that the UIRT is the true model. As for the above two simulation
conditions, the four model evaluation indices consistently
indicate that the generating model is the best model. Except for
AIG, the evaluation indices indicate that MIRT is better than
FIBF. We believe that MIRT and FIBF should be very close in
fitting the unidimensional test data, but as the MIRT model is
simpler, it is preferred by the SABIC, HQ, and BIC indices.

Summarizing these results, the four model selection
indices (AIC, BIC, SABIC, and HQ) provide excellent
accuracy in assessing the three models used in the empirical
study. First, they successfully identified the model used
to generate the item response data across all simulation
conditions. Second, when the FIBF was not the generating
model, some model selection indices such as BIC did not
support the FIBF model being better than the simpler
models. This indicates that overfitting of the bifactor model
does not occur for the FIBF model under the incomplete
block design.

4.2.2. Recovery of item parameters

The recovery of the three models (FIBE MIRT, and UIRT)
using the “mirt” package was checked in this simulation.
The estimation accuracy was assessed by computing the
average root mean squire error (ARMSE) of each parameter
over all items and the average of the correlation (ACor)
between the estimates and the true parameter across the 20
replications.

These metrics were calculated as

1 M 20 2
P — -1 S _ s,
ARMSE; = — >~ 2071 )" (8 — ;)
J=1 8=l
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ACorS
20 M 5 o 1 5M3 vMg
1 Dt 9ig8i — w2 Sig 2 9
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203 JOM 82 — (M P (M 67 — (T 697

g=1

where §; denotes any one of the parameters of item j and
djg denotes the corresponding estimate obtained with the g-th
simulated data.

The obtained results are presented in Table 5. Use of the
“mirt” package allows the item parameters of the three models
to be recovered satisfactorily under simulated conditions that
are similar to the math tests in CCEQM 2015-2017. First, for
all three models, the ARMSE values of the slope parameters do
not exceed 0.3, and the corresponding correlations range from
0.94 to 0.99. These results indicate that the slope parameters
were well-recovered. Second, the ARMSEs of the intercept
parameters of the three models are 0.15, and the values of
ACor are >0.98. The recovery for the intercept parameters
is excellent, and is slightly better than that for the slope
parameters. Furthermore, the estimation accuracy of FIBF
is slightly poorer than that of MIRT and UIRT. As stated
above, FIBF is the most complex of the three models, so it
is normal that the accuracy of its parameter estimation is
slightly poorer. Finally, each item was answered by no more
than 700 test takers in this simulation. It is likely that the
recovery accuracy of the three models will improve as the sample
size increases.

5. Conclusion and further issues

The main contribution of this study is to propose a bifactor
structure for modeling mathematical ability. On this basis, a
mixed FIBF model has been developed for the measurement
of mathematical ability in CCEQM 2015-2017. Within the
discipline of core literacy theory, mathematical ability is defined
as a construct that consists of several domains. These domains
differ in their specific concept, but they have common elements,
and are thus highly correlated because they all belong to the
broader concept of mathematical ability. Bifactor models are
a powerful approach for describing such constructs, in which
the common element of the five domains is represented by
a general factor that is considered as general mathematical
ability, and the uniqueness of each domain is represented by
a group or domain-specific factor. From the view of bifactor
theory, this study has proposed a mixed FIBF model that
is a bifactor extension of the mixed IRT model for the
measurement of mathematical ability in CCEQM 2015-2017.
Furthermore, an important advantage of FIBF analysis is its wide
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practical adaptability. FIBF models can be applied to various
test situations, and numerous related computing tools have been
developed. These provide strong support for the application
of FIBF to actual large-scale tests. Taken together, not only is
the bifactor structure a reasonable approach for representing
mathematical ability, but FIBF models are also highly feasible
in practice.

The second contribution of this study comes from the
empirical study conducted using data from CCEQM 2018 to
verify the performance of the FIBF model. The results for
the four model selection indices (AIC, BIC, SABIC, and HQ)
consistently showed that the fit of the FIBF model is better
than that of the UIRT and MIRT models, and the ability scores
from the FIBF model had a more reasonable interpretation.
The advantages of the FIBF model are fully verified by this
empirical study. One important problem with the application
of bifactor models is their ease of overfitting. To ensure that
no overfitting occurred in the empirical study, a Monte Carlo
simulation was constructed to investigate the performance of
the four model selection indices under a test design similar
to that of CCEQM 2015-2017. The results indicate that the
four indices consistently select the generating or true model as
the best model across all simulation conditions, and when the
FIBF is not the true model, it is not supported. Therefore, the
model selection results in the empirical study provide strong
evidence that, for fitting the math test data, the FIBF model
is superior to the MIRT and UIRT approaches. Furthermore,
the simulation results demonstrate that the estimations of the
FIBF model have high recovery accuracy under the incomplete
test design with mixed item types. Overall, the simulation
results show that the existing methods and technologies can
support the application of the FIBF model in large-scale
testing projects.

There are several considerations for the current study
that warrant mention. (1) The estimations of domain-specific
factors cannot be directly regarded as scale scores of domain-
specific abilities, because they only represent the uniqueness
of domain-specific abilities. The scale score of each domain
should be a combination of the general and domain-specific
factors. Therefore, computing the scale score of domain-
specific ability is an important issue that requires further
study. (2) Heterogeneity is an important issue in large-scale
assessments, such as measurement invariance, heterogeneity
of residual variance, and whether the distribution of latent
ability is multimodal or skewed. These factors inevitably result
in serious unfairness in testing. Thus, to ensure fairness in
testing, the development and application of a heterogeneity
FIBF model should be further studied. (3) In this study,
the bifactor structure of mathematical ability was verified by
only one empirical study, and so the obtained conclusion has
certain limitations. The bifactor assumption of mathematical
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ability should be discussed based on more empirical data from
large-scale assessment projects. (4) The application of bifactor
theory to a measurement model for other disciplines is also
worthy of further study.
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In Ethiopia studies on high school students’ mathematics self-efficacy
and associated factors are scarce. The present study examined students’
mathematics self-efficacy and associated predictors among high school
students in Addis Ababa. Data were collected using adapted questionnaire
from 120 students (9th and 10th graders) recruited via multi-stage sampling.
Descriptive statistics, independent sample t-test, ANOVA, Chi-square and
logistic regressions were utilized to analyze the collected data. In the study
it was found that students have more than average mathematics self-efficacy
even though significant numbers of students (44.2%) have low mathematics
self-efficacy. It was also revealed that differences in grade level [t(118) = 2.545,
p < 0.05] and students’ expected grade in the upcoming national exam
[F(3,116) = 5.553, p < 0.05] were statistically significant. Living arrangements
(AOR = 6.704, 95% Cl = 1.598-28.118), expected grade in the upcoming
national exam (AOR = 5.808, 95% Cl = 1.804-18.696) and expected marks
in the semester (AOR = 1.126, 95% CI| = 1.055-1.202) are significant predictors
of students’ mathematics self-efficacy. Generally educational expectations
are important predictors of students’ mathematics self-efficacy. Therefore,
researchers and organizations need to gear their attention towards improving
students’ mathematics self-efficacy.

mathematics self-efficacy, educational expectations, high school students, Addis
Ababa, Ethiopia
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1. Introduction

The social cognitive theory developed by Albert Bandura
is the most prominent learning theory, and self-efficacy is an
important component of the theory (Liu and Koirala, 2009). As
described by Bandura, self-efficacy is “beliefs in one’s capability
to organize and execute the courses of action required to manage
prospective situations” (Bandura, 1997). Bandura also described
self-efficacy as beliefs about one’s capabilities to learn or perform
behaviors at designated levels (Reynolds and Miller, 2003).
Heslin and Klehe (2006) argued that self-efficacy is “one of the
most powerful motivational predictors of how well a person will
perform at almost any endeavor”. A person’s self-efficacy is a
strong determinant of their effort, persistence, and strategizing,
as well as their subsequent training and job performance (Heslin
and Klehe, 2006).

Self-efficacy influences the choices people make and the
courses of action they pursue. Most people engage in tasks in
which they feel competent and confident and avoid those in
which they do not. Beliefs in personal competence also help to
determine how much effort people will devote to an activity,
how long they will persevere when confronting obstacles, and
how resilient they will prove in the face of adverse situations; the
higher the sense of efficacy, the greater the effort, persistence,
and resilience (Bandura, 1997). Self-efficacy influences the
choice we make, the effort we put forth, and how long we persist
(Tait—-McCutcheon, 2008).

Generally speaking, self-efficacy influences not only an
individual’s performance but also the choices they make. The
influence of self-efficacy on an individual’s performance and
choices is also applicable to students’ performance in school
settings. Self-efficacy in an academic setting includes students’
confidence in their cognitive skills to perform the academic
task and influences their choice of tasks, persistence, effort, and
achievement (Reynolds and Miller, 2003).

Prior national and international studies consistently found
that students with high self-efficacy outperform students with
low self-efficacy (Huang, 2013; Shaine, 2015; Tizazu and
Ambaye, 2017). Moreover, studies depict that self-efficacy
determines students’ career decision-making (Ogutu et al., 2017;
Akter et al., 2018).

At present, the focus of both educators and policymakers
has shifted to science education since a nation’s success is
dependent on scientific innovations and advances in technology
(Kahveci, 2010). The Ethiopian Ministry of Education, as
ratified in Education Sector Development Program V (2015/16-
2019/20) has given high priority to science education (Ministry
of Education, 2015).

For this to be a reality, students need to join the science
and technology fields. But the question here is, “what are the
factors that determine students’ future career choices?” Studies
conducted to understand what really determines students’
future career choices in science, technology, engineering,
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and mathematics (STEM) fields have revealed that “high
school mathematics achievement, exposure to mathematics
and science courses, and mathematics self-efficacy beliefs all
affect students’ intent to major in STEM fields, which in
turn influences entrance into STEM majors” (Wang, 2013).
Mathematics knowledge and skills are requirements not only
for tertiary education but also for further studies (Schulz, 2005).
Mathematics is a prerequisite for pursuing higher education
in most professions, including all exact sciences, finance,
programming, and so on. It allows students to choose from
a wide range of vocations with high prospects of academic
acceptance, mostly in engineering, the natural sciences, and
technology, as well as a significant portion of the social sciences
(Davidovitch and Yavich, 2018). This calls for a closer look at
teaching and learning of mathematics.

In this regard, mathematics self-efficacy, defined as “a
situational assessment of an individual’s confidence in her or
his ability to successfully perform or accomplish a particular
mathematical task or problem”, has become a prominent
construct for research (Kiamanesh et al., 2004).

Mathematics self-efficacy (MSE) is one of the crucial factors
in students’ mathematics learning (Roslan and Maat, 2019). It
is a stronger predictor of math performance than math anxiety
(Pajares and Miller, 1994), previous math experience (Pajares
and Kranzler, 1995b), mathematics self-concept, perceived
usefulness of mathematics, prior experience with mathematics,
or gender (Pajares and Miller, 1994) and influences math
performance as strongly as overall mental ability (Pajares and
Kranzler, 1995a).

In practice, the roles of students’ mathematics self-efficacy
on their achievements have been reported in studies conducted
at all education levels. For example, in a study among
5th and 6th graders in Spain, students’ mathematics self-
efficacy significantly predicted their mathematics achievement
(Rodriguez et al., 2020). Mathematics self-efficacy significantly
predicted mathematics achievement in 7th graders in Turkey
(Recber et al, 2018). Mathematics self-efficacy significantly
predicted mathematics achievement in 10th graders in Bhutan
(Norbu and Dukpa, 2021).

In a systematic review of studies, it was found that MSE is
an important predictor of high school students’ mathematics
achievement (Roslan and Maat, 2019). In two studies in Greece
among students from grades 7-11 mathematics self-efficacy
significantly predicted mathematics achievement using data
from the Program for International Student Assessment (PISA)
(Cheema, 2018; Hiller et al, 2021). In a study that included
sample students from the United States and China aged 15 years,
using data from PISA, mathematics self-efficacy significantly
predicted mathematics achievement (Wu, 2016). In a study
among Bahirdar University students, MSE was a significant

predictor of mathematics performance (Getahun et al., 2016).
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Alongside these findings, students’ mathematics self-efficacy
is found to be a strong predictor of their choice of mathematics-
related courses and majors (Zarch and Kadivar, 2006). Besides,
studies among college students consistently revealed that MSE
is an important predictor of both their performance and major
choice (Lent et al., 2008; Lin et al., 2018).

Hence, assessing students’ mathematics self-efficacy would
inform us not only about students’ future performance but also
about their future career choice. Such assessments need to be
conducted at the high school level. This is particularly important
in Ethiopia since students are given the opportunity to choose
between social and natural science streams after the completion
of their high school years (grades 9 and 10). The present study,
therefore, aimed to examine high school students’ mathematics
self-efficacy in Addis Ababa.

Cognizant of examining students’ mathematics self-efficacy,
there is a need to examine the demographic variability among
students. Theoretically, the social cognitive theory argues that
demographic variability shapes people’s self-efficacy beliefs (Lin
et al,, 2018). In practice, the effects of demographic variables
on students’ mathematics self-efficacy are still inconclusive. For
instance, gender was found to be associated with students’
mathematics self-efficacy, favoring males (Lloyd et al., 2005; W,
2016; Recber et al., 2018; Rodriguez et al., 2020; Zander et al,,
2020). In a meta-analytic review of studies, males were found
to have a higher MSE than their female counterparts (Huang,
2013). On the contrary, no gender differences in MSE were
observed in other studies (Ayotola and Adedeji, 2009; Clutts,
2010; Turgut, 2013; Davidovitch and Yavich, 2018; Probst, 2019).

School type is another factor associated with students’
mathematics self-efficacy with variable results. For example,
in a study conducted by Zedan and Bitar (2014) in Israel, it
was found that the dimensions of the classroom environment
explain 50% of the variations in high school students
mathematics self-efficacy. Likewise, in a study among high
school students in Greece using data from PISA, students from
private schools tend to have higher mathematics self-efficacy
than students from public schools (Cheema, 2018). In contrast,
in a study in Turkey, there is no difference in MSE based on
school type (Recber et al., 2018).

These and other research findings include extensive
examinations of variables associated with students’ mathematics
self-efficacy. In Ethiopia, studies that assess the mathematics
self-efficacy of high school students are scarce, and the ones
that are available (mainly student works) come up with
contradictory findings. For example, the study by Abebe (2001)
found gender differences favoring males, while the studies by
Wubalem (2006) and Ayele and Dadi (2016) found no gender
differences in students’ mathematics self-efficacy. Contrary to
these and many other findings described earlier, a study in
Tigray, Ethiopia depicted that female grade 9 students have
higher mathematics self-efficacy than their male counterparts
(Tekola et al., 2020).
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The present study, therefore, tried to examine students’
mathematics self-efficacy and associated predictors among high
school students in Addis Ababa. Based on the literature
alluded to, we first hypothesized that the students would
have a medium level of MSE. It is also hypothesized that
there will be variations in students MSE based on their
demographic characteristics. Besides, students’ demographic
characteristics will be important predictors of their MSE.
In a country that aspires for attracting a huge amount of
students to science and technology fields, a closer inquiry
into students’ mathematics self-efficacy would give them
the opportunity to make informed decisions. Moreover, the
findings of the present study will add new knowledge
from a resource poor setting to the inconclusive global
findings on the predictive roles of students’ demographic
characteristics on their MSE.

2. Materials and methods

2.1. Research design

The purpose of the present study was to examine high
school students’ mathematics self-efficacy and associated factors
in Addis Ababa, Ethiopia. For this purpose to be achieved, a
quantitative, descriptive, cross-sectional, and explanatory study
design was used. The present study is quantitative in terms of
the type of data collected. With regard to the timing of the data
collection, it is cross-sectional. The study is both descriptive and
explanatory in terms of the statistical computations employed to
analyze the data.

2.2. Sampling technique and sample
characteristics

Participants in the study are 120 students selected from
two schools in Addis Ababa, Ethiopia. Based on the findings
from earlier studies, gender (Rodriguez et al, 2020; Zander
et al, 2020), school type (Ozgen and Bindak, 2011), and
grade level (Wubalem, 2006; Ozgen and Bindak, 2011) are
important variables in students’ mathematics self-efficacy. As
such, an equal number of students from both genders, from
both government and private high schools, and from both
grades 9 and 10 (60 from each group) were included in the
study.

Multistage sampling was used to recruit equal numbers of
students from government and private schools. In doing so,
first one private and one government school were randomly
selected. At the school level, one class from grade 9 and
another class from grade 10 were selected again using random
sampling. Following that, 15 male and 15 female students were
randomly selected from a class (i.e, a total of 30 students

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.927757
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

Yesuf et al.

were selected from a class). Needless to say, an equal number
of students from both genders (60 male and 60 female)
and grade levels (60 9th graders and 60 10th graders) were
included in the study.

Additional characteristics of the respondents were collected,
and summaries of these characteristics are presented in Table 1.

As shown in Table 1, the mean age of the respondents is
16.12 (SD = 1.063), where the minimum and maximum ages
are 14 and 19, respectively. The mean expected mark at the
end of the semester is 82.02 (SD = 11.514), where 45 and 100
are the minimum and maximum expected marks, respectively.
Of all the respondents, 97 (80.8%) of the respondents live
with both parents. With regard to the respondents’ expected
grade in the upcoming national exam, 58 (48.3%) of the
respondents expect B grade, 52 (43.3%) of them expect A
grade, 6 (5.0%) of them expect F grade, and 4 of them
(3.3%) expect C grade. Of all the respondents, 45.8% of
the students received tutorials weekly, 30.0% of them (36
in number) never received tutorials, 20.0% of them (24 in
number) received tutorials daily, and the remaining 4.2%
of them (5 in number) seldom received tutorials. In terms
of their plan to join a college/university, 93 (77.5%) of the
respondents have a definite plan, 15 (12.5%) of them have a
tentative plan, and the remaining 12 (10.0%) of them have
no plan to attend a college/university in the future. Table 1
also depicts that 63.3% of the students aspire to join STEM,
while 5.8% of them aspire to join social science professions.
The remaining 30.8% of the respondents planned to join other
professions.

2.3. Instrument

A questionnaire was used to assess students’ mathematics
self-efficacy. Ultimately, the questionnaire has two sections,
where the first section collects data on students’ demographic
characteristics. This includes school type, age, gender,
grade level, living conditions with parents, plans to attend
college/university, expected grade in the upcoming national
examination, marks expected in the semester, receiving tutorial,
and professions students aspire to join. The second section of
the questionnaire is adapted from an instrument developed
by Pajares (1996) and later modified by Johnson (2008) to
be used for assessing high school students’ mathematics
self-efficacy. The original tool has 39 items. Before collecting
the final data, the adapted tool was translated into Amharic,
and a pilot study was conducted on 30 students. In the pilot
study, the reliability of the tool was found to be 0.919. The
deletion of an item increased the reliability of the tool to
0.924. Therefore, the item “I have never been very excited
about mathematics” was deleted from the tool. The final
data was thus collected with 38 items measuring students’
mathematics self-efficacy. The replies for the items are based
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TABLE 1 Demographic characteristics of the respondents.

Variables Category| Mean (SD) | Min (max)

or N (%)

Age, mean (SD) 16.12 (1.063) 14 (19)
Expected mark, mean (SD) 82.02 (11.514) 45 (100)
Living with, number (%) One parent 23 (19.2%)

Both parents 97 (80.8%)
Expected grade A 52 (43.3%)

B 58 (48.3%)

C 4 (3.3%)

F 6 (5.0%)
Receiving tutorial Daily 24 (20.0%)

Weekly 55 (45.8%)

Seldom 5(4.2%)

Never 36 (30.0%)
Plan to attend Definitely 93 (77.5%)
college/university

Maybe 15 (12.5%)

No 12 (10.0%)
Profession Social science 7 (5.8%)

STEM 76 (63.3%)

Other 37 (30.8%)

on a five-point Likert scale where 1 = Strongly Disagree,
2 = Disagree, 3 = Undecided, 4 = Agree, and 5 = Strongly Agree.
During analysis, 13 items (Pajares and Miller, 1994; Pajares
and Kranzler, 1995a; Wubalem, 2006; Zarch and Kadivar,
2006; Lent et al., 2008; Clutts, 2010; Zedan and Bitar, 2014;
Ministry of Education, 2015; Wu, 2016; Cheema, 2018; Lin
et al,, 2018; Probst, 2019; Norbu and Dukpa, 2021) were reverse
coded. The highest score, then, represents high mathematics
self-efficacy.

2.4. Procedures

Permission to conduct the study was secured from Addis
Ababa University, School of Psychology’s Ethical Review
Committee. Then a formal letter was written from the school
directed to the schools, requesting cooperation with the
researchers. Then the researchers explained the scope and
purpose of the study to the school directors, thereby securing
their permission. At the individual level, purpose and scope of
the study were communicated with participants, and they were
assured that all the information that they would give would
be kept confidential. Data are collected after each participant
signs the consent form. Participation in this study was totally
voluntary, and no compensation was offered.
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2.5. Methods of data analysis

Descriptive statistics, including percentage, number of cases,
mean, scores below, and above the mean and standard deviation,
were utilized to describe students’ mathematics self-efficacy
and demographic variables collected from the students. In
addition, an independent sample t-test, a one-way ANOVA,
and a chi-square test of significance were utilized to check
for differences in mathematics self-efficacy based on associated
variables. Simple and multiple binary logistic regressions were
computed to assess the effects of the predictor variables over
the criterion variable (mathematics self-efficacy). All data were
analyzed using the Statistical Package for Social Sciences (SPSS),
Windows version 23.

3. Results

3.1. Students’ mathematics
self-efficacy

To describe students’ mathematics self-efficacy, descriptive
statistical tools including mean, standard deviation, and
minimum and maximum scores were computed. As shown
in Table 2, the mean score of the respondents’ mathematics
self-efficacy is 129.9 (SD = 22.893), where the minimum and
maximum values are 52 and 170, respectively. On a scale of
five, the expected mean from the 38-item tool is 114 (3 x 38).
Therefore, the mean score found here implies that students
have higher than average mathematics self-efficacy. In addition,
the standard deviation found here tells us that there is a high
dispersion among students’ mathematics self-efficacy.

Furthermore, students were categorized as having high or
low mathematics self-efficacy using the mean score as a cutoff
point. Table 2 also shows that 67 (55.8%) of the respondents
scored above the mean value, whereas 53 (44.2%) of them scored
below the mean value. This informs us that more than half of the
respondents have high mathematics self-efficacy.

3.2. Predictors of students’
mathematics self-efficacy

Exploring factors associated with students’ mathematics
self-efficacy is one of the main objectives of the present study. To

TABLE 2 Description of students’ mathematics self-efficacy.

Variable ‘ M (SD) >mean | <mean | Min (max)
| N N %

Mathematics 129.95 (22.893) | 67 | 55.8 | 53 | 442 52 (170)

self-efficacy
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TABLE 3 Mean difference in students’ mathematics self-efficacy
based on school type, gender, grade level, and living arrangements.

Varisbes | Category | Mean | 5D t-vlues

School type Government 127.75 19.198 —1.053
Private 132.15 26.051

Gender Male 130.32 24.696 0.175
Female 129.58 21.139

Grade level 9 135.15 15.428 2.545*
10 124.75 27.641

Living with Single parent 13391 14.529 0.923
Both parents 129.01 24.426

*Significant at the 0.05 level.

achieve this objective, first of all, mean differences in students’
mathematics self-efficacy based on demographic variables were
examined using independent sample ¢-tests and ANOVA tests.

Independent sample ¢-tests were used to look into the mean
difference in students’ mathematics self-efficacy based on school
type, gender, grade level, and living conditions with parents, and
the results of the analysis are summarized in Table 3.

Table 3
efficacy of respondents from government schools (M = 127.75,

shows us that the mean mathematics self-

SD = 19.198) is lesser than their counterparts from private
schools (M = 132.15, SD = 26.051), but the mean difference is
not statistically significant (t = —1.053, p = 0.294).

Moreover, Table 3 also shows us that the mean mathematics
self-efficacy of male respondents (M = 130.32, SD = 24.696) is
higher than female respondents (M = 129.58, SD = 21.139) but
not statistically significant (t = 0.175, p = 0.862). The table also
informs us that the mean mathematics self-efficacy of students
who are living with single parents (M = 133.91, SD = 14.529) is
higher than the mean mathematics self-efficacy of students who
are living with both parents (M = 129.01, SD = 24.426), although
the mean difference is not statistically significant (¢ = 0.923,
p=0.358).

On the contrary, the mean mathematics self-efficacy of 9th
graders (M = 135.15, SD = 15.428) is higher than 10th graders
(M =124.75SD =27.641), and the mean difference is statistically
significant (t = 2.545, p < 0.05).

One-way ANOVA was employed to look into the mean
difference in students’ mathematics self-efficacy based on
their expected grades in the upcoming national examination,
the number of tutorials they received, their plan to join
college/university, and the profession they aspire to join. The
summaries of the findings are presented in Table 4.

As shown in Table 4, students’ expected grades in the
upcoming national examination have a statistically significant
effect [F(3,116) = 5.553, p < 0.05] on students’ mathematics
self-efficacy.

Tukey’s HSD post hoc test for differences in mathematics
self-efficacy indicates that there are statistically significant
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TABLE 4 One-way ANOVA.

Variables Category| Mean SD F-values
Plan to join Definitely 132.63 23.893 2.955
college/university
May be 119.93 15.026
No 121.67 18.307
Receive tutorial Daily 134.08 35.716 0.734
Weekly 130.69 18.128
Seldom 120.00 27.414
Never 127.44 17.819
Expected grade A 125.21 25.657 5.553*
B 136.93 17.683
C 100.00 1.155
F 123.50 25.034
Profession Social science 122.43 7.569 1.149
STEM 132.25 25.748
Other 126.65 17.558

*Significant at the 0.05 level.

differences between students who expect an A in the upcoming
national examination and students who expect a B (p < 0.05)
and between students who expect a B and students who expect a
C in the upcoming national examination (p < 0.01).

Specifically, students who expect a B in the upcoming
national examination (M = 136.93, SD = 17.683) have higher
mathematics self-efficacy than students who expect an A
(M = 125.21, SD = 25.657). Likewise, students who expect
B (M = 136.93, SD = 17.683) have higher mathematics self-
efficacy than students who expect C in the upcoming national
examination (M = 100.00, SD = 1.155).

On the contrary, the amount of tutorial received
[F(3,116) = 0.734, p = 0.534], students’ plan to join
college/university [F(2,117) = 2955, p = 0.056], and
students’ professional aspiration [F(2,117) = 1.149, p = 0.321]
do not have a statistically significant effect on students
mathematics self-efficacy.

In addition to all these computations, chi-square tests were
used to check the proportion of respondents with high and low
mathematics self-efficacy in each category of the demographic
variables. The results of the computations are presented in
Table 5.

Table 5 informs us that the number of 9th graders who
score above the mean (58.2%) is higher than the number of 10th
graders who score above the mean (41.8%). Table 5 also tells
us that the number of 9th graders who score below the mean
(39.6%) is lesser than the number of 10th graders who score
below the mean (60.4%), and these differences in proportions
are statistically significant (xz =4.089,df =1, p < 0.05).

Besides, the table informs us that the differences in the
proportion of students’ mathematics self-efficacy based on their
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TABLE 5 Proportions of students with high and low
mathematics self-efficacy.

N
Gender Male 24 40.0 36 60.0 | 0.845
Female 29 48.3 31 51.7
Grade level 9 21 35.0 39 65.0 | 4.089*
10 32 53.3 28 46.7
School type Government 29 483 31 51.7 | 0.845
Private 24 40.0 36 60.0
Living with Single parent 4 17.4 19 82.6 |8.272**
Both parents 49 50.5 48 49.5
Receive tutorial Daily 7 29.2 17 70.8 4.967
Weekly 25 455 30 54.5
Seldom 4 80.0 1 20.0
Never 17 47.2 19 52.8
Plan to join Definitely 36 38.7 57 613 | 5.179
college/university
May be 10 66.7 5 333
No 7 58.3 5 41.7
Profession Social science 5 71.4 2 28.6 | 5.230
STEM 28 36.8 48 63.2
Other 20 54.1 17 459
Expected grade A 28 53.8 24 46.2 | 8.738*
B 18 31.0 40 69.0
Other” 7 70.0 3 30.0

**Significant at the 0.01 level. *Significant at the 0.05 level. ”*Since some counts were
below 1, this category is formed from students who expect C and F grades.

living arrangements are statistically significant (x? = 8.272,
df =1, p < 0.01). As such, a higher number of students with
single parents scored above the mean (82.6%), while a higher
number of students who are living with both parents scored
below the mean (50.5%).

Finally, Table 5 reveals that differences in mathematics self-
efficacy based on students’ expected grades in the upcoming
national examination are statistically significant (x> = 8.738,
df =2,p <0.05). Of the students who expect a B in the upcoming
national exam, the majority of them scored above the mean
(69.0%). Among students who expect an A or other grades,
the majority of them scored below the mean (53.8 and 70%,
respectively).

For the sake of exploring the factors associated with
students’ mathematics self-efficacy, multiple regression was
computed. The result of the computation revealed that the
variables added explained 13.6% of the variations in students’
mathematics self-efficacy scores, but the model is statistically
insignificant [F(10, 109) = 1.722, p = 0.0.085, R?=0.136].
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TABLE 6 Bivariate and multivariate logistic regression results of
predictor variables.

Age 0.624 | 0.013 | 0.629 | 0.112
Expected 1.043 | 0.016 | 1.126 | 0.000
mark
Gender Male 24 36 1.403 | 0.359
Female 29 31 1
School type | Government 29 31 0.713 | 0.359
Private 24 36 1
Grade level |9 21 39 | 2122 | 0.044 | 1.113 | 0.831
10 32 28 1
Living with | Single parent 4 19 4.849 | 0.007 | 6.704 | 0.009
Both parents 49 48 1
Expected A 28 24 1
grade
B 18 40 2.593 | 0.017 | 5.808 | 0.003
C 4 0 0.000 | 0.999 | 0.000 | 0.999
F 3 3 1.167 | 0.858 | 9.132 | 0.136
Receive Daily 7 17 2.173 | 0.165
tutorial
Weekly 25 30 1.074 | 0.869
Seldom 4 1 0.224 | 0.199
Never 17 19 1
Profession | Social science 5 2 0.471 | 0.402
STEM 28 48 2.017 | 0.085
Other 20 17 1
Plan to join | Definitely 36 57 1
college/
university
May be 10 5 0.316 | 0.050 | 1.527 | 0.641
No 7 5 0.451 | 0.201 | 3.579 | 0.306

As described in the “3.1 Students’ mathematics self-efficacy”
section, the mean score was used, and students were categorized
as having high or low mathematics self-efficacy. Therefore,
bivariate logistic regression models were computed to explore
the variables associated with students’ mathematics self-efficacy.
Summaries of the results of the computations are presented in
Table 6.

In the simple logistic regression analysis, age, grade level,
living arrangements, expected grades in the upcoming national
exam, expected marks from mathematics, and aspiration to join
university were significant predictors.

In the multiple logistic regression analysis, only living
arrangements, expected grades in the upcoming national exam,
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and expected marks in the semester from mathematics remain
significant. Specifically, it was found that a one-point increase in
the marks students expect to score in the semester is associated
with a 1.13-point increase in their mathematics self-efficacy
(AOR = 1.126, 95% CI = 1.055-1.202). Compared to students
who expect A in the upcoming national examination, the odds
of having high self-eflicacy among students who expect B are five
times higher (AOR = 5.808, 95% CI = 1.804-18.696). Students
from single parents are six times more likely than students
from both parents to have high self-efficacy (AOR = 6.704, 95%
CI =1.598-28.118).

4. Discussion

The main purpose of the present study was to examine
mathematics self-efficacy and associated predictors among high
school students in Addis Ababa. In this study, it was found that
the overall mathematics self-efficacy of students is higher than
average, and more than half of them have high mathematics
self-efficacy, implying that our first hypothesis is confirmed.
This finding is consistent with findings from other studies
elsewhere. For example, in a study in the Philippines among
secondary school students, the mean mathematics self-efficacy
of the students was reported to be moderately high with a mean
score of 3.25 (Laranang and Bondoc, 2020). Similarly, in a study
of 10th graders in Bhutan, the students’ MSE score is reported
to be average with a score of 3.25 (Norbu and Dukpa, 2021).
Likewise, Perez (2013), who conducted a study in Bangkok,
Thailand revealed that more than half of the students showed
a self-efficacy score higher than the mean score.

Coupled with this, a study among 12th graders in Bale Zone,
Ethiopia assessed students’ belief in mathematics education.
The study found a mean score of 3.2 and argued that students
have a medium level of belief in mathematics education
(Demeke et al., 2020).

On the contrary, in a study in Uganda among high school
students, it was found that the mean MSE of students was
high with a rate of 4.35 on a scale of five (Batiibwe et al,
2020). The difference could be attributed to methodological
variations, where the study in Uganda collected data from only
60 students, using 14 self-opinion items to measure mathematics
self-efficacy.

So far as our second hypothesis is concerned, the
independent sample t-tests and the ANOVA tests confirmed that
there are variations in students’ MSE based on grade level and
their expected grades in the upcoming national exam. Besides,
variations in the proportions of students with high and low
MSE are observed based on grade level, living conditions with
parents, and expected grades in the upcoming national exam.

With regard to predictors associated with students’ MSE, i.e.,
our third hypothesis, the present study depicts that students’
expected marks in the semester, their expected grades in the

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.927757
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

Yesuf et al.

upcoming national exam, and living arrangements with parents
are important factors.

In our study, a statistically significant difference was
found between 9th graders and 10th graders, where the
self-efficacy than the
latter. This finding is similar to the findings of the study
by Ozgen and Bindak (2011). The study confirmed that
self-efficacy beliefs in Mathematics Literacy vary based

former had higher mathematics

on grade, with 9th grade students having the highest
ML self-efficacy beliefs and 12th grade students having
the lowest. Likewise, in a study among elementary school
students (grades 4-6), 4th graders were found to have higher
mathematics self-efficacy than their 7th grade counterparts
(Lloyd et al., 2005).

On the contrary, some studies found that the mathematics
self-efficacy beliefs of high school students do not vary based
on grade and that grade does not have an effect in explaining
the variance in students’ mathematics self-efficacy (Ozyiirek,
20105 Batiibwe et al.,, 2020). The difference in the findings can
be explained through methodological differences. The study
in Uganda found no difference based on grade level, but it
was conducted among 60 students, making group comparisons
difficult (Batiibwe et al, 2020). Similarly, the focus of the
study by Ozyiirek (2010) is mainly on sources of self-efficacy
scale, not actually on self-efficacy per se like our study.
Another possible explanation for the differences in findings
could be attributed to the fact that we include only two
grade levels.

An important finding of the present study is that
the of
anticipating high marks in the semester and good grades

educational expectations (expressed in form
in the upcoming national examination) are important
predictors of students mathematics self-efficacy. Students
who expect high grades in the upcoming exam and higher
marks in the semester were found to have significantly
higher mathematics self-efficacy than their counterparts.
According to the findings of the present study, self-
educational aspiration has been reported to have a positive
relationship with students’ MSE in a study among 5th and
6th graders in China (Liu et al,, 2020). Similar findings were
reported from a study in South Africa among 9th graders
(Fadiji and Reddy, 2021).

According to Banduras theory, students with high self-
efficacy expect success in future tasks. Within the theory, it
is claimed that it is individuals™ efficacy that determines their
goal-setting (Bandura, 1997). Thus, our findings substantiate
Bandura’s claim that self-efficacy and future expectations are
related.

One of the interesting findings of this study is the effect of
living arrangements with parents on students’ mathematics self-
efficacy. In the chi-square test, it is depicted that the majority
of the students who are living with single parents have high
MSE. Besides, the regression analysis has shown that the odds
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of students with a single parent having high MSE are six times
higher than those of students who are living with both parents.

This finding is interesting in that living with single parents
seems to be a contributing factor to students’ mathematics self-
efficacy. Given the relatively small numbers of students from
single parents in the study (19.2%), this finding needs to be
interpreted carefully.

Actually, other studies have indicated other parent-related
factors in students’ mathematics self-efficacy. For instance, in a
study in the Philippines among high school students, mothers’
occupation, fathers’ occupation, and parental monthly income
were related to students’ MSE scores (Laranang and Bondoc,
2020).

Likewise, in a study in Greece using data from PISA
among 7-11 graders socioeconomic status (measured by
parental education, parental occupation, and an index of
home possessions) was associated with students’ MSE (Hiller
et al,, 2021). In another study that used data from PISA and
included sample students from the United States and China,
socioeconomic status (measured by parental education, parental
occupation, and an index of home possessions) was associated
with students’ MSE (Wu, 2016).

Besides, the roles of parental involvement in students’ MSE
are reported in prior studies (Howard, 2015; Rodriguez et al,
2017). Although not on MSE, in a study among university
students in Ethiopia, parenting style was found to be an
important predictor of students’ academic self-efficacy (Gota,
2012). Evenly speaking, the findings of the present study shed
light on the role of a new parent-related factor (i.e., living
with single parents per se) in shaping students’ mathematics
self-efficacy.

5. Conclusion, recommendations,
and limitations

In the present study, it is evident that high school
students in Addis Ababa have average mathematics self-efficacy.
Given the critical role of students’ mathematics self-efficacy
in their career choice and success, this could go against
the country’s aspirations of attracting a large number of
students to STEM fields.

The fact that educational expectations are important
predictors of students MSE in Addis Ababa implied the
ecological validity of Bandura’s social cognitive theory. Besides,
the present study pinpointed the role of living arrangements
with parents in predicting students’ mathematics self-efficacy,
which calls for further investigations, preferably longitudinal
with a large sample size and a wider scope, including additional
variables (e.g., parenting style). Furthermore, researchers and
organizations that are working with and/or concerned about
students’ achievement, including but not limited to the Ministry

frontiersin.org


https://doi.org/10.3389/fpsyg.2022.927757
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/

Yesuf et al.

of Education, need to gear their attention toward improving
students’ mathematics self-efficacy and, thus, their future
academic success and career choice.

Finally, the fact that this study includes a small sample size
from only two schools, is conducted with only two grade levels,
and is cross-sectional are the limitations of the study.
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Introduction: Mathematical modeling has become a crucial competence in
mathematics education in many countries and regions due to the increasingly
complex real-world problems that students face in the 21st century.
Previous research has shown that mathematical modeling contributes to the
development of students’ creativity, particularly with respect to stimulating
and protecting the curiosity of children. However, previous studies have
not explored or examined the relationships among middle school students’
mathematical modeling competency, curiosity, and creativity based on data
drawn from large-scale assessments and have not investigated the influence
of teachers’ teaching methods in this context.

Methods: This study used convenience sampling to select 4,531 seventh-
grade students from eastern and western, urban and rural areas in China.
Online tests and questionnaires were used to measure their mathematical
modeling competency, curiosity, creativity and guided inquiry teaching, and a
moderated mediation model was used to analyze the effect of mathematical
modeling competency on creativity.

Results: The results showed the following. (1) There are statistically significant
differences between boys and girls in terms of their mathematical modeling
competency, curiosity, and creativity. Specifically, boys score significantly
higher than girls on these variables. (2) Creativity exhibits a statistically
significant positive correlation with mathematical modeling competency,
curiosity, and guided inquiry teaching. (3) Curiosity mediates the relationship
between mathematical modeling competency and creativity, and guided
inquiry teaching moderates the influence of curiosity. In high-level guided
inquiry teaching classes, curiosity has a stronger influence on creativity, and it
mediates the relationship between mathematical modeling competency and
creativity more strongly.

Discussion: This study empirically verified the influence of mathematical
modeling competency on creativity and provided a possible way to cultivate
children’s creativity. Future research should use longitudinal analysis to
verify the causal relationship between mathematical modeling competency
and creativity and to systematically explore the possible path by which
mathematical modeling competency affects creativity.
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1. Introduction

Due to the continuous development of science and technology,
mathematical modeling has come to play an increasingly
important role in promoting social development and people’s
ability to adapt to life, and mathematical modeling competency
has become a key competency of future citizens (Kaiser, 2007).
Since mathematics curriculum reform was initiated at the
beginning of this century, many countries and regions have
incorporated the cultivation of mathematical modeling
competency or related modeling ideas and applications into
mathematics curricula or teaching practices as an important goal
of mathematics education (Blum et al., 2007; Cai, 2017) and have
considered this skill to represent a necessary key competency for
students in the 2Ist century (Cai and Xu, 2016). In the
United States, the Common Core State Standards for mathematics
list mathematical modeling as one of the eight Standards for
Mathematical Practice so that students at all stages of learning can
come to understand that mathematics can be used to solve
problems in the real world (Common core state standards
2010). The of
mathematical modeling in China’s Mathematics Curriculum

initiative, description and requirements
Standard undergo constant improvement (Huang et al., 2019).
Mathematical modeling is a key component of literacy at the
primary and middle school stages, and it guides students to learn
from an early age that “mathematical models can be used to solve
a class of problems and are the basic way to apply mathematics,”
according to the Mathematics Curriculum Standard for
Compulsory Education (The Ministry of Education of the People’s
Republic of China, 2022).

Since mathematical modeling usually involves the task of
solving unconventional and open problems in the real world, a
task which requires creativity from the modeler to understand
the real situation and propose new solutions (Niss and Blum,
2020), mathematical modeling is closely related to students’
creativity. In the face of the increasingly complex living and
working environment of the 21st century, creativity has become
an indispensable ability that allows people to cope with these
new challenges and problems (OECD, 2010), and it has promoted
the development of all aspects of society (Hennessey and
Amabile, 2010). The China Education Innovation Institute of
Beijing Normal University and the Twenty-First Century
Learning (P21) of the United States incorporated “Creativity
Competence” into the 5Cs Framework for Twenty-first Century
Key Competences and claimed that new knowledge, new
technology, new crafts and new values can be achieved via
creativity (Gan et al., 2020). This concept can replace traditional
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resources, energy and capital as the driving force of sustainable
economic development, and it emphasizes the fact that problem-
solving based on real situations can enhance students’ creativity
(Gan et al, 2020). In recent years, various international
mathematical modeling activities have attached great importance
to students’ creativity. The topics associated with modeling tasks
cover cutting-edge fields such as “global warming,” “renewable
energy” and “self-driving vehicles,” and mathematical modeling
is used to stimulate and cultivate students’ creativity (Mei, 2018).
Especially for primary and middle school students, the openness
and uncertainty associated with mathematical modeling tasks
can facilitate their development of creativity because they are full
of curiosity and accustomed to creating (COMAP and
SIAM, 2016).

Although correlations may exist between mathematical
modeling and creativity, only a few studies have focused on this
relationship (Wessels, 2014; Lu and Kaiser, 2022a), and there is a
lack of large-scale evaluations based on empirical studies to verify
these studies. This study aims to explore the path by which
mathematical modeling competency influences the development
of creativity by reference to large-scale evaluation data as well as
to investigate the stimulation and cultivation of creativity in
middle school students.

1.1. Mathematical modeling competency
and creativity

Mathematical modeling is a cyclic process by which
mathematics can be used to solve real problems, and it thus
facilitates a two-way transformation between the mathematical
world and the real world (Niss et al., 2007; Blum and Ferri, 2016).
Mathematical modeling competency refers to the ability of a
person to perform the required operations in a modeling
environment to promote modeling (Niss et al., 2007) and is
composed of the sub-competencies that are necessary to complete
each step of the modeling cycle (Kaiser, 2007). A widely accepted
model of the sub-competencies of mathematical modeling mainly
includes five sub-competencies: simplifying, mathematising,
working mathematically, interpreting and validating. Simplifying
is the competency to understand real-world problems and develop
real-world models; mathematising is the competency to establish
mathematical models based on real-world models; working
mathematically is the competency to solve mathematical problems
in mathematical models; interpreting is the ability to interpret
mathematical results in real-world models or situations; and
validating is the competency to challenge the solution thus
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developed and to implement the modeling process again, if
necessary (Maal3, 2006).

In a broad sense, creativity focuses mainly on everyday
creativity, which refers the creative thinking in which everyone
can engage in daily life and which can be improved via education
and practice (OECD, 2019). Creativity denotes the ability of an
individual to use relevant information and resources to produce
novel and valuable ideas, programs, and products. It mainly
includes three elements: creative personality, creative thinking and
creative task engagement (Gan et al., 2020). Creative personality
comprises the characteristics of curiosity, open mindedness, the
courage to take on challenge and risks and independent self-
confidence. Creative thinking comprises divergent thinking,
convergent thinking and restructuring thinking, which are helpful
when engaging in innovative activities. Creative task engagement
involves participating and investing in practices that aim to
produce novel and valuable results.

Mathematical modeling can effectively promote the
development of students’ creativity and their mastery of
mathematical knowledge and skills (Wessels, 2014). The
development of creativity relies on mathematical tasks associated
with higher levels of cognitive activity that are intended to
stimulate students’ high-level cognitive processes (Leikin and
Elgrably, 2020), and the characteristics of higher cognitive
requirements for mathematical modeling tasks may help improve
students’ creativity (Lu and Kaiser, 2022a). Lu and Kaiser (2022a)
examined the process of mathematical modeling from the
perspective of creativity and proposed a model of mathematical
modeling cycle theory that includes creativity on the basis of the
mathematical modeling process model (see Figure 1). According
to this model, many processes involve creativity: in understanding
and simplifying, the modeler analyzes a real situation from various
perspectives, thereby generating various models of reality; in
mathematical working, the modeler obtains the results of the
mathematical model using various methods; in interpreting, the

10.3389/fpsyg.2022.1044580

modeler interprets the mathematical results as results in the real
world; and in validating, the modeler employs a variety of
approaches to test the correctness of the results in a real-world
situation. This model was applied to high school students,
preservice mathematics teachers and in-service mathematics
teachers. The results showed that mathematical modeling
competency is significantly correlated with creativity (Wessels,
2014; Suh et al., 2017; Lu and Kaiser, 2022b). For high school
students, the difficulty of modeling tasks may affect the
relationship between mathematical modeling competency and
creativity (Lu and Kaiser, 2022a). Wessels (2014) conducted a
two-year longitudinal study to investigate preservice mathematics
teachers. By analyzing all the materials (drafts, charts, formulas,
etc.) involved in the process of solving mathematical modeling
tasks, he found that the mathematical modeling process can
effectively improve the individual’s level of creativity. Suh et al.
(2017) selected two primary school teachers and their students in
two classes as research objects. By reference to interviews with
teachers, classroom observation and analysis of students” works,
these authors found that mathematical modeling can effectively
improve students’ creativity, critical thinking, communication
and collaboration.

Previous studies have provided evidence that creativity is
involved in the mathematical modeling process (Lu and Kaiser,
2022a) and obtained certain empirical evidence in the context of
teaching (Wessels, 2014; Suh et al., 2017). However, the potential
relationship between mathematical modeling competency and
creativity has rarely been explored by reference to large-scale
assessments. It is necessary to verify the effectiveness of
mathematical modeling for creativity cultivation based on
empirical results. Simultaneously, the cultivation of children’s
creativity has always received a great deal of attention in the field
of educational psychology (Camp, 1994; Cheung et al., 2004; Hu
et al., 2011). Researchers have found that the development of
creativity in upper elementary school shows an upward trend;
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Modeling cycle enriched by aspects of creativity (Lu and Kaiser, 2022a) (CC-BY) (http://creativecommons.org/licenses/by/4.0/).
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based on these findings, Smith and Carlsson proposed that the
development of creativity may originate from high grades in
primary school (Smith and Carlsson, 1990; Camp, 1994).
Therefore, the impact of mathematical modeling on the creativity
of primary and middle school students deserves further attention.
In summary, Research Hypothesis 1 of this study proposes that
there is a significant positive correlation between the mathematical
students and

modeling competency of middle school

their creativity.

1.2. Curiosity, mathematical modeling
competency, and creativity

Curiosity is a ubiquitous psychological trait among humans.
This term refers to ones desire for learning even when the
application of the knowledge is not readily apparent (Facione
etal,, 1994). Studies have shown that curiosity has a positive effect
on individual creativity: the stronger an individual’s curiosity is,
the greater that individual’s creativity (Celik et al., 2016; Hardy
etal, 2017). The results of a meta-analysis of research regarding
the relationship between curiosity and creativity indicated a
moderate positive correlation between curiosity and creativity
(Schutte and Malouft, 2020). According to the creative process
model proposed by Mumford and McIntosh (2017), problem
definition and information collection represent the initial steps of
this process, and curiosity helps individuals collect information
and define the problem that is to be solved (Schutte and Malouff,
2020). Hardy et al. (2017) analyzed the relationships among
various types of curiosity, creative performance and creative
problem-solving by reference to 122 college students and found
that diversive curiosity (e.g., I find it interesting to learn new
information) has a positive effect on creative performance via the
complete mediation of the information gathering behavior
associated with creative problem-solving. Simultaneously, as a
positive emotion that provides motivation, curiosity may
encourage new exploratory ideas, and behaviors (Fredrickson and
Joiner, 2018), thereby enhancing individual creativity.

Mathematical modeling plays an important role in stimulating
curiosity. From the perspective of cognitive neuroscience, curiosity
is the result of situation-based prediction errors and information-
based prediction errors (Gruber and Ranganath, 2019). On the one
hand, when an individual is faced with a new or changing situation,
a gap emerges between the prediction generated by his or her
hippocampus and the actual situation at hand, which leads to
exploratory behavior to address the associated uncertainty (O’ Keefe
and Nadel, 1979). On the other hand, when the knowledge that the
individual wants to obtain is beyond that individual’s current level of
knowledge or does not conform to the individual’s prior knowledge,
an information gap is generated, thus triggering the individuals
curiosity (Litman, 2005; Gottlieb et al,, 2013). By reference to
classroom observations and interviews with teachers and students,
Geiger et al. (2022) found that the openness and uncertainty
exhibited by the real situation represent essential features of
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mathematical modeling tasks. Students may understand and analyze
the situation they face in modeling tasks based on different sorts of
previous experience and knowledge. The authenticity and diversity
of the situations that are faced by students are quite different from
those associated with ordinary mathematics problems, resulting in
the occurrence of situational prediction errors that stimulate
students’ curiosity. Simultaneously, mathematical modeling tasks are
more challenging than traditional mathematics questions and thus
require a higher level of cognition (English, 2021), so students are
often unable to solve modeling tasks through simple memorization
or the repetition of prior knowledge. Instead, it is necessary to
integrate that prior knowledge with flexible applications based on a
priori knowledge, thereby generating prediction errors regarding the
information at hand and generating curiosity in students.

There is a strong positive correlation between individual
curiosity and creativity (Celik et al., 2016; Hardy et al,, 2017; Schutte
and Maloufl, 2020). The openness of mathematical modeling tasks
and the high cognitive level required in this context may stimulate
students’ curiosity (Litman, 2005, COMAP and SIAM, 2016;
English, 2021), which may allow mathematical modeling to
promote the development of creativity by enhancing individual
curiosity. Further exploration of this path of influence may improve
the theoretical model of creativity cultivation and promote the
connection between mathematics learning and creativity
cultivation. Since students’ curiosity may be stimulated during
mathematical modeling processes and curiosity is an important
predictor of creativity, curiosity may mediate the relationship
between mathematical modeling competency and creativity. In
summary, Research Hypothesis 2 of this study proposes that
curiosity mediates the relationship between middle school students’
mathematical modeling competency and their creativity.

1.3. Guided inquiry teaching, curiosity,
and creativity

Guided inquiry teaching is a type of inquiry-based teaching.
Inquiry-based teaching employs a student-centered approach in
which teachers pose particular questions, such as open-ended or
divergent questions, which allow students to respond in different
ways (Oliveira, 2010). Inquiry-based teaching mainly includes the
actions of making observations; asking questions; examining
known information; planning surveys; reviewing known
information based on experimental evidence; using tools to collect,
analyze and interpret data; proposing answers; explaining and
predicting; and exchanging results (National Research Council,
1996). In guided inquiry teaching, the source of the tasks or
questions under consideration is the teacher, and the data collection
methods and the interpretation of the results are designed and
completed by the students; that is, the teacher provides the students
with the questions that are to be investigated and any necessary
information, while the students are required to design the inquiry
program and develop a plan to solve and answer the problem by
themselves (Blanchard et al., 2010; Chen et al., 2021). Studies have
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shown that inquiry-based teaching can effectively improve
students’ academic performance (Schroeder et al., 2007; Minner
etal,, 2010) and has a positive impact on students’ learning attitudes
and interests (Jiang and McComas, 2015).

Inquiry-based teaching may affect students’ curiosity and
creativity as well as the relationship between those two factors.
Erbas and Yenmez (2011) found that inquiry-based learning is
positively correlated with curiosity, and Schijndel et al. (2018)
found that students in an inquiry-based teaching experimental
group exhibited greater curiosity than students in the control group.
Rodriguez et al. (2019) found that inquiry-based learning can
effectively promote the development of students’ creativity in
controlled experiments. Guided inquiry teaching can stimulate
students’ diversity of problem definition and information collection
during the creative process, thus enabling students to generate new
ideas. Studies have found that teaching methods or activities such
as brainstorming and idea linking can affect the relationship
between curiosity and creativity and that different teaching
methods or activities may have different degrees of impact on the
relationship between the two factors. Idea linking activities can
promote students’ creativity more effectively than can brainstorming
because they can establish connections with previous ideas
(Hagtvedt etal,, 2019). One characteristic of inquiry-based teaching
is the generation of uncertainty (Schijndel et al., 2018), which is
embodied in the possibility of collecting different information,
using different methods, and obtaining different results. The
uncertainty may affect the process by which the individuals
curiosity leads to the generation of new ideas, which may in turn
affect the individuals creativity. Loewenstein (1994), Choi et al.
(2015), Yang et al. (2016), and Gruber and Ranganath (2019).

As a teaching method that stimulates curiosity and promotes
creativity, guided inquiry teaching may regulate the relationship
between students” curiosity and creativity. Therefore, Research
Hypothesis 3 of this study proposes that guided inquiry teaching
regulates the relationship between middle school students’
curiosity and their creativity.

1.4. The current study

Based on previous studies, to explore the ways in which
mathematical modeling competency influences creativity via
curiosity as well as the influence of guided inquiry teaching on
the relationship between curiosity and creativity, this study
constructed a moderated mediation model of the influence of
mathematical modeling competency on creativity (see
Figure 2):

Research Hypothesis 1: The mathematical modeling competency
of middle school students positively affects their creativity.

Research Hypothesis 2: Curiosity mediates the effect of
mathematical modeling competency on the creativity of

middle school students.
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FIGURE 2
Hypothetical indirect pathways between mathematical modeling
competency and creativity.

Research Hypothesis 3: Guided inquiry teaching regulates the
relationship between middle school students’ curiosity and

their creativity.

2. Materials and methods
2.1. Participants and data collection

This study used convenience sampling to select students from
83 middle schools, with 44 middle schools (53.0%) located in
eastern China and 39 (47.0%) located in western China. The
participants were 4,620 seventh-grade students who were enrolled
in 2021; participants ranged from 11 to 13 years old at the time of
the study. After removing incomplete data, we obtained 4,531 valid
subjects, including 2,377 boys (52.5%) and 2,154 girls (47.5%).

In this study, data were collected using online tests and online
questionnaires. All students who participated in the test entered
the computer classroom and utilized the test platform under the
guidance of the teacher. After starting the test, the students
completed an online test of mathematical modeling competency
(with a time limit of 40 min) and an online questionnaire (which
had no time limit). Subsequently, the students answered an
ungraded warm-up question to familiarize themselves with the
various operations and answer specifications of the platform. The
online test of mathematical modeling competency was to measure
students’ mathematical modeling competency, and the online
questionnaire was to measure students’ performance on curiosity,
creativity and guided inquiry teaching.

2.2. Measures

2.2.1. Online test of mathematical modeling
competency

The online test of mathematical modeling competency
included one warm-up question and two formal tasks, which
were developed by the Beijing Normal University Regional
Assessment of Education Quality (RAEQ). There were 15 items
in the two formal tasks, which were choice items and open-ended
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items (see Appendix A). The assessment framework was based on
the five sub-competencies model of mathematical modeling
proposed by Kaiser (2007). The model was simplified and revised
by using the thinking aloud and interviews of Chinese primary
and middle school students to make it more suitable for their
process of mathematical modeling. Finally, an assessment
framework of mathematical modeling competency was
developed, which includes four sub-competencies: understanding
information, making models, working mathematically, and
interpreting and validating. There were four items each for
understanding information, making models and interpreting and
validating, and three items for working mathematically. The
RAEQ developed two modeling tasks for this online test based on
the assessment framework, and the task situations were derived
from Mathematical Modelling: A Guidebook for Teachers and
Teams Galbraith and Holton (2018) and Mathematical Modeling
Handbook II: The Assessments (Fletcher et al., 2013). After this
adaptation had been completed, a 6-person thinking aloud
session and external reviews by experts were used to examine the
content validity of the test, and the pretest was used to examine
its construct validity. Each open-ended item was coded by two or
more raters and the interrater reliability scores were all more than
0.9. The test uses the IRT method to combine students’ scores on
each item into an overall test score, which is standardized to
produce a mathematical modeling competency score, in which
context 500 is the average score and 100 is the standard deviation.
The higher an individual’s score is, the higher that individual’s
mathematical modeling competency. The confirmatory factor
analysis results of the test were as follows: comparative fit index
(CFI)=0.931>0.90, Tucker-Lewis index (TLI)=0.915>0.90, root
mean square error of approximation (RMSEA) =0.043 <0.08, and
standardized root mean square residual (SRMR)=0.027 <0.08
(Brown and Cudeck, 1993; Hox and Bechger, 1998; Kline, 2005).
Cronbach’s alpha coeflicient was 0.758, and the reliability and
validity were acceptable.

2.2.2. Creativity questionnaire

The creativity questionnaire was developed by the RAEQ and
contains a total of 3 dimensions including 26 questions (see
Appendix B). This questionnaire is based on the theoretical
framework of creativity included in the 5Cs Framework for
Twenty-First Century Key Competences and contains the three
dimensions of creative personality, creative thinking, and creative
task engagement (Gan et al., 2020). The questionnaire uses a five-
point Likert scale to calculate the average score of each item as the
creativity score (1=Strongly disagree, 5=Strongly agree). The
higher this score is, the higher the individual’s level of creativity.
This questionnaire was developed by reference to expert
interviews, teacher interviews, and student pretests to ensure its
validity. The Cronbach’s alpha coefficient of the creativity
questionnaire was 0.937, which is acceptable. The results of the
confirmatory factor analysis of the creativity questionnaire
indicated that x*/df=19.37, CFI=0.922, TLI=0.912,
RMSEA =0.064, and SRMR =0.055.
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2.2.3. Curiosity questionnaire

The curiosity questionnaire is based on the adaptation of
questions related to curiosity drawn from the California Critical
Thinking Disposition Inventory (CCTDI) compiled by Facione
et al. (1998). It contains a total of 5 items (see Appendix B). This
questionnaire mainly examines respondents’ attitudes toward
researching new things and their expectation of facing challenges.
The questionnaire uses a five-point Likert scale to calculate the
average of the scores of each item as the curiosity score
(1=Strongly disagree, 5=Strongly agree). The higher this score is,
the stronger the curiosity of the individual. This questionnaire
underwent expert interviews, teacher interviews, and student
pretests to ensure its validity. The Cronbach’s alpha coefficient of
the curiosity questionnaire was 0.939, which is acceptable. The
results of the confirmatory factor analysis of the curiosity
questionnaire indicated that x*/df=10.03, CFI=0.998, TLI=0.995,
RMSEA =0.045, and SRMR =0.006.

2.2.4. Guided inquiry teaching questionnaire

The guided inquiry teaching questionnaire was developed by
the RAEQ and contains a total of 5 items (see Appendix B). The
project team developed a questionnaire based on the
characteristics of the guided inquiry teaching process proposed by
Blanchard et al. (2010). The questionnaire used a five-point Likert
scale to calculate the average of the scores of each item as the
guided inquiry teaching score (1= Strongly disagree, 5= Strongly
agree). The higher this score is, the more strongly the individual
feels that the teacher used guided inquiry teaching. This
questionnaire underwent expert interviews, teacher interviews,
and student pretests to ensure its validity. The Cronbach’s alpha
coefficient of the curiosity questionnaire was 0.946, which is
acceptable. The results of the confirmatory factor analysis of the
guided inquiry teaching questionnaire indicated that x*/df=7.37,
CFI=0.999, TLI=0.997, RMSEA =0.037, and SRMR =0.004.

2.2.5. Demographic variables

This study mainly investigated demographic variables such as
the gender and family socioeconomic status (SES) of students.
Among these variables, SES was assessed using the relevant part
of the PISA 2012 technical report of OECD (2014), which is
mainly divided into three parts: parents’ level of education, highest
occupational status, and family possessions. The level of education
primarily refers to the highest level of education attained by the
parents of the surveyed student, and the highest level of education
attained by the parents is regarded as the “parents’ level of
education” of the student. The highest occupational status of the
parents refers to the main job of the parents of the surveyed
student, and the highest occupational status of the parents is
regarded as the “parental highest occupational status” of the
student. Family possessions are measured mainly in terms of four
aspects: family wealth, cultural possessions, family education
resources, and family books. Finally, the standardized scores of the
three components of SES are used as composite scores of the
students’ SES.
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3. Results
3.1. Common method biases analysis

The Harman single-factor test was used (Malhotra et al., 2006)
to evaluate common method bias (Podsakoff et al., 2003).
We conducted exploratory factor analysis to investigate all 36
items related to creativity, curiosity and guided inquiry teaching
using SPSS 28 software (SPSS Inc., Chicago, Illinois, United States).
The results showed that Bartlett=113974.69, df=630, p<0.01,
KMO =0.963, communalities variance = 69.56%, the total variance
explained by the first common factor was 19.16%, i.e., less than the
critical value of 40% (Tang and Wen, 2020). Therefore, no
common method bias affected the results of the current study.

3.2. Descriptive statistics and correlation
analysis

Prior to the formal analysis, all main variables were tested for
normality, and the results showed that all variables had kurtosis
values between —0.339 and 0.618 and skewness values between
—0.957 and 0.220, indicating that all variables followed a normal
distribution. Table 1 shows the means (M), standard deviations
(SDs), gender-based differences, and intercorrelations among the
key variables. Children’s mathematical modeling competency,
curiosity, and guided inquiry teaching were significantly and
positively related to their creativity (r=0.149 ~0.586, p,<0.01).
Both children’s mathematical modeling competency and their
curiosity were positively correlated with guided inquiry teaching
(r=0.167, 0.507, p;<0.01). The correlation between children’s
mathematical modeling competency and curiosity was also
significant (r=0.192, p,<0.01). In addition, independent-sample

10.3389/fpsyg.2022.1044580

t tests indicated significant gender differences in mathematical
modeling competency, creativity, and curiosity; specifically, boys
scored significantly higher than girls on those variables.

3.3. The mediating effect of curiosity

To examine the mediating effect of mathematical modeling
competency on creativity via curiosity, we computed 95%
confidence intervals (95% Cls) using the bootstrap method with
5,000 replications with the help of the PROCESS 4.0 plug-in
(Model 4). After controlling for gender and SES, mathematical
modeling competency significantly positively predicted curiosity
(#=0.19, p<0.001). As shown in Figure 3, curiosity significantly
positively predicted creativity ($=0.57, p<0.001), and
mathematical modeling competency had a significant direct effect
on creativity ($=0.03, p=0.004). The 95% confidence interval of
the bootstrap mediation effect did not include zero (effect
size=0.108, 95% CI [0.092, 0.126], accounting for 78.57% of the
total effect), thus indicating that mathematical modeling
competency has a significant mediating effect on creativity.

3.4. The moderating effect of guided
inquiry teaching

To test Hypothesis 3, which pertained to the moderating
effect of guided inquiry teaching on the influence of curiosity on
creativity, we used Model 14 in PROCESS 4.0 to conduct the
relevant analysis. As shown in Table 2, after controlling for
gender and SES, curiosity and guided inquiry teaching
significantly positively predicted creativity (£=0.49, 0.20,
p<0.001), and the interaction between guided inquiry teaching

TABLE 1 Means, SDs, gender difference, and intercorrelations among key variables.

1 P 4 5 ()
1. Gender 1
2. SES 0.023 1
3. Mathematical 0.035% 0.040%*
modeling competency
4. Creativity 0.104%* 0.084%** 0.149%* 1
5. Curiosity 0.071%* 0.048%* 0.1927%* 0.586%* 1
6. Guided inquiry 0.009 0.031%* 0.167%* 0.440%* 0.507%* 1
teaching
M+ SD (the whole - - 483.57£99.61 3.72+0.71 3.91+0.94 4.12+0.89
sample)
M=SD (Boys) - - 486.9+103.1 3.79+0.74 3.97+0.97 4.12+£0.92
M +SD (Girls) - - 479.9+£95.53 3.64+0.66 3.83+0.90 4.11+£0.87
t 7.06 4.85 0.59
p <0.001 <0.001 0.554

#p<0.05; *¥p<0.01.
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The mediating effect of curiosity on mathematical modeling
competency and creativity.

TABLE 2 The moderating effect of guided inquiry teaching.

Creativity
SE

Gender 0.121 0.024 5.139%*
SES 0.002 0.000 4.570%*
Mathematical 0.022 0.012 1.869
modeling competency
Curiosity 0.478 0.014 34.785%%*
Guided inquiry 0.203 0.014 14.455%*
teaching
Guided inquiry 0.031 0.010 3.074%*
teaching * curiosity
R 0.380
F 461.796**

#4p<0.01.

and curiosity was significantly related to creativity ($=0.03,
p=0.004). Thus, the results confirm our hypothesis that guided
inquiry teaching moderates the relationship between curiosity
and creativity.

In addition, to improve our understanding of this
interaction, we plotted the simple slope (Figure 4), and the
results of the simple slope test show that in the case of high
levels of guided inquiry teaching (M+1SD), the slope is
B=0.51, p<0.001, while in the case of low levels of guided
inquiry teaching (M-1SD), the slope is B=0.44, p <0.001, thus
indicating that curiosity has a stronger positive impact on
creativity in the high guided inquiry teaching condition.
Mathematical modeling competency also had a stronger
mediating effect on creativity via curiosity in this condition
(effect size=0.10, 95% CI [0.08, 0.11]).

4. Discussion

4.1. Mathematical modeling positively
affects the creativity of middle school
students

This study found that the mathematical modeling of middle
school students plays a positive role in their development of
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Simple slope test.

creativity; accordingly, Research Hypothesis 1 was verified. The
stronger a student’s mathematical modeling competency is, the
higher that student’s level of creativity. To a certain extent, these
research results support the view that mathematical modeling
helps improve the development of students’ creativity (Wessels,
2014; Suh et al,, 2017; Lu and Kaiser, 2022a). The modeling
cycle, which is enriched by aspects of creativity proposed by Lu
and Kaiser (2022a) (Figure 1), explains that students may
generate a variety of new ideas during each step of mathematical
modeling and may take different approaches to the task of
solving problems, thus providing support for the development
of the divergent thinking of students. Simultaneously, children
exhibit a high level of natural enthusiasm for mathematics and
are skilled at creativity, and so the open nature of mathematical
modeling tasks can stimulate their creativity and choice
(COMAP and SIAM, 2016). Therefore, teachers can use the
uncertainty and openness of the mathematical modeling task in
mathematics classrooms to guide and cultivate middle school
students’ divergent thinking, not merely by focusing on the
knowledge and skills they need to solve practical problems but
also by emphasizing and developing their creativity, which may
be reflected in the modeling process.

4.2. Curiosity mediates the relationship
between mathematical modeling
competency and creativity

This study found that curiosity partially mediates the effect
of the mathematical modeling competency of middle school
students on creativity; accordingly, Research Hypothesis 2 was
verified. Mathematical modeling plays a positive role in the
development of individual curiosity. The stronger students’
mathematical modeling competency is, the greater their
curiosity is, which to some extent verifies the theory that
curiosity originates from situation-based prediction errors and
information-based prediction errors (Gruber and Ranganath,
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2019). Based on Lu and Kaiser’s (2022a) theoretical framework,
the different perspectives and approaches used by students in
solving mathematical modeling tasks may be the source of their
curiosity. The mathematical modeling tasks used in this study
are mainly based on personal and scientific situations, which are
more realistic and feature more uncertainty than situations in
which students solve problems in ordinary mathematics
education. Errors trigger students’ desire to explore different
content in the situation at hand, thereby inspiring students’
curiosity. Simultaneously, solving modeling tasks requires
students to understand and collect relevant information,
construct appropriate mathematical models independently, solve
models, and explain and verify the solutions to realistic
problems, a process which differs from the “standard process”
used by students to solve conventional mathematical problems.
Mathematical modeling tasks stimulate prior knowledge and
information prediction errors between the process and reality,
thereby enhancing students’ creativity. For example, students
different
mathematical models in the example item (see Appendix A).

collected different useful information to make
Some of them chose “Use 1 liter of water every time” so that they
make a more complete mathematical models and the others
make the different mathematical models. The uncertainty of the
information collection could promote the motivation of students
to further explore different approaches to solve the problem.

On the other hand, curiosity has a positive impact on
individual creativity. Middle school students with higher levels
of curiosity tend to exhibit higher levels of creativity, a finding
which supports the conclusions of previous studies (Celik et al.,
2016; Hardy et al., 2017; Schutte and Malouff, 2020). According
to Mumford and McIntosh (2017) creative thinking process
model, problem definition and information collection are the
initial steps in this process. On this basis, students are given the
opportunity to understand the task situation and collect relevant
data and information independently, which helps them
participate in the process of creative thinking and enhance
their creativity.

Based on the mediation path of “mathematical modeling
competency-curiosity-creativity, teachers can focus on the
following two strategies in their daily teaching using
mathematical modeling. First, teachers should focus on guiding
students to understand and explore realistic problems and
situations and helping students consider the uncertainty
involved in the task at hand. When middle school students face
realistic problems, due to their limited knowledge of the real
world, teachers must guide students to consider ways of
understanding the problem situation and the possibilities that
exist in this context. Teachers should help students understand
the uncertainty involved in real situations as well as ways of
using mathematics to solve real problems with the aim of
effectively stimulating and cultivating students’ curiosity and
creativity. Second, when selecting and designing modeling tasks,
teachers should control the difficulty and complexity of such
tasks. The cognitive development of middle school students is

Frontiers in Psychology

195

10.3389/fpsyg.2022.1044580

not yet fully mature, and their mathematical knowledge and
skills remain limited. Therefore, the realistic problems selected
by teachers should enable students to understand the situation
at hand and allow them to try to develop solutions; accordingly,
these problems should not be too simple and routine to stimulate
students’ high-level cognitive processes, nor should they be too
difficult and complex, thus causing students to lose their
motivation and interest in inquiry.

4.3. Guided inquiry teaching moderates
the relationship between curiosity and
creativity

This study found that the influence of middle school
students’ curiosity on creativity is moderated by guided inquiry
teaching; accordingly, Research Hypothesis 3 was validated. The
impact of curiosity on creativity is higher in individuals who
perceive a higher level of guided inquiry teaching than in
individuals who perceive a lower level of guided inquiry
teaching. In other words, guided inquiry-based teaching can
promote the positive impact of middle school students’ curiosity
on their creativity. One possible explanation for this influence is
related to the free exploration space provided by guided inquiry
teaching; one characteristic of guided inquiry teaching is that
after teachers provide students with tasks and the necessary
explanations, students must independently design their own
process of inquiry and approach to problem-solving (Blanchard
etal, 2010; Chen et al,, 2021), thus offering students the freedom
to play and operate in this context. In a classroom in which
teachers use more guided inquiry teaching, students may analyze
and solve problems from additional perspectives, and they may
have more opportunities to try multiple strategies and solutions;
accordingly, their curiosity is more likely to promote the
development of creativity (Zhao, 2018).

Based on the positive effect of guided inquiry teaching on
the relationship between curiosity and creativity, teachers
should consider the positive impact of teaching methods and
classroom climate (Lucas and Spencer, 2017). In China,
demonstration or lecturing are mostly applied by primary and
middle school teachers in class, leading to students having few
opportunities to think independently (Crehan, 2016). The
results provide a suggestion that Chinese teachers should play
guiding roles in students’ learning processes and give students
more freedom in inquiry. Teachers should avoid excessive
participation that might reduce the effectiveness of students’
creativity, thereby effectively promoting students’ curiosity
and creativity.

5. Limitations

This study faced certain limitations that should be addressed
in future studies. First, this study adopted a cross-sectional
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research design, and in the future, it is necessary to investigate the
causal relationship between mathematical modeling and
creativity in further detail using experimental studies or
longitudinal tracking studies. Second, mathematical modeling
competency includes not only the sub-competencies of the
modeling process but also metacognitive modeling competencies
and other elements. In the future, researchers can use log data to
measure metacognitive competency and incorporate it into
mathematical modeling competency. Third, the influence of
mathematical modeling competency on creativity via curiosity is
only one of the possible paths associated with this relationship,
and there may be other factors that mediate this relationship. In
the future, additional empirical studies are necessary to verify the
influence paths highlighted by this study, and more variables
should be used to explore the possible factors mediating this
relationship to provide more theoretical support for the
cultivation of creativity. Moreover, students’ self-reports may
exhibit certain biases, and other, more objective methods should
be used to measure relevant variables in the future.

6. Conclusion

In conclusion, this study expands our understanding of the
relationship between mathematical modeling competency and
creativity and explores the role of curiosity as a mediator and
that of guided inquiry teaching as a moderator in this
relationship. This model enriches the existing theories on the
relationship between mathematical modeling competency and
creativity and improves the theoretical basis for teachers to use
mathematical modeling tasks and guided inquiry teaching to
cultivate students’ creativity. The results of this study were as
follows. (1) Creativity can be influenced by middle school
students’ mathematical modeling competency. (2) Mathematical
modeling can promote the creativity of middle school students
by stimulating their curiosity. (3) Guided inquiry teaching can
improve the impact of middle school students’ curiosity on their
creativity. Compared with low levels of guided inquiry teaching,
high levels of guided inquiry teaching can improve the positive
effect of curiosity on creativity.
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Introduction: Personal relationships have long been a concern in education. Most
studies indicate that good personal relationships are generally positively correlated
with academic performance. However, few studies have compared how different
types of personal relationships correlate with academic performance, and the
conclusions of existing studies are inconsistent. Based on a large sample, the current
study compared how the three closest types of personal relationships among students
(with parents, teachers, and their peers) compared with their academic performance.

Methods: Cluster sampling was used to issue questionnaires to students in Qingdao
City, Shandong Province, China in 2018 (Study 1) and in 2019 (Study 2). The actual
sample size included 28168 students in Study 1 and 29869 students in Study 2 (both
studies, Grades 4 and 8), thus totaling 58037 students. All students completed a
personal relationship questionnaire and several academic tests.

Results: The results showed that: (1) the quality of personal relationships significantly
and positively correlated with academic performance; (2) Among the three types of
relationships tested, the quality of student-peer relationships was the most closely
associated with academic achievement.

Discussion: This study gives insights into future research directions in this field and
also reminds educators to pay attention to the personal relationships among their
students, especially peer relationships.

personal relationships, student-parent relationships, student-teacher relationships,
student-peer relationships, academic achievement

1. Introduction

Numerous studies have shown a significant positive correlation between personal relationships
and academic performance (Wentzel, 1998; Kiuru et al., 2009; Martin and Dowson, 2009; Tobbell and
O'Donnell, 2013; Castro et al., 2015). In these studies, student relationships have typically been divided
into those with parents (student-parent), those with teachers (student-teacher), and those with peers
(student-peer) because these relationships encompass the main scope and characteristics of their daily
activities (Rubin et al., 2010; Kiuru et al., 2014; Moore et al., 2018). Studies have shown that each of
these relationship categories is an important factor in student development (Walsh et al., 2010; Wang
and Eccles, 2012; King and Ganotice, 2014; Collie et al., 2016). Only a few studies have compared how
well different types of personal relationships correlate with student academic performance (Chen, 2005;
Lam et al., 2012; Altermatt, 2019; Wentzel et al., 2016; Leung et al., 2021; Vargas-Madriz and Konishi,
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2021), and the results were not consistent. Which type of personal
relationships is most closely related to academic performance remains
unclear. We classified personal relationships the same way in the current
study. With a large sample size (58,037 primary and middle school
students) and two experiments (Experiment 1 and Experiment 2), the
current study focused on the associations between student academic
performance and relationships with family, teachers, and peers.

1.1. The correlation between personal
relationships and academic achievement

Most studies agree that there is a significant correlation between the
quality of personal relationships and academic performance; positive
relationships can predict good academic performance, while those
ridden with conflict can predict poor academic performance. These
studies focused on the effects of different types of personal relationships
on academic performance.

First, considering the student-parent relationships, studies have
found that parental support is a predictor of student achievement
(Wentzel, 1998; Chiu, 2010; Castro et al., 2015; Igbo et al., 2015). For
example, [gbo et al. (2015) used an Ex-Post Facto design to examined 48
public schools in the Otukpo Education Zone of Benue State and
formulated and tested four null hypotheses with the t-test statistics at
0.05 level of significance. They found that student-parent relationships
had a significant impact on math and English test scores. Castro et al.
(2015) found that the frequency with which students interact with their
family members had a positive impact on academic performance. Based
on this, the authors concluded that parents influence students by shaping
the positive value of education in academic-oriented behavior.

Second, the student-teacher relationships have also been shown
impact academic performance (Roorda et al., 2011; Hughes et al., 2012;
Ly et al, 2012; Hajovsky et al., 2020). High quality student-teacher
relationships could contribute to students’ cognitive skill development.
For example, when Ly et al. (2012) characterized student-teacher
relationships as either intimacy, conflict, or warmth, they found that the
comprehensive warmth score (rated by the teachers) was significantly
and positively correlated with children’s math and reading performance.
Hajovsky et al. (2020) studied two types of student-teacher relationships,
intimacy and conflict, and found that while intimacy (as rated by the
teachers) had only an indirect effect on math achievement, conflict
affected math achievement both directly and indirectly.

Third, student-peer relationships have been shown to be significantly
associated with student academic performance (Espelage et al., 2013; Li
etal,, 2020; Vignery and Laurier, 2020). For example, using both horizontal
and longitudinal analysis, Espelage et al. (2013) showed that bullying and
peer victimization were related to low academic performance. In the study
of Gremmen et al. (2018), a longitudinal social network analysis (RSiena)
showed that student academic engagement and achievement improved
when their friends scored better, and vice versa, regardless of their physical
position in the classroom. The selection effect (i.e., students for groups of
friends that share the same levels of academic performance) and
socialization process (i.e., peer performance is significantly associated with
future student achievement), which were reported by Vignery and Laurier
(2020), could be used to understand the links between student academic
performance and peer relationships.

Despite this evidence, other studies have come to different
conclusions. These have suggested that there is no significant correlation
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between personal relationships and academic achievement (Chen, 2008;
Nokali et al., 2010; Barile et al., 2012; Hajovskya et al., 2017). For
example, Chen (2008) found perceived peer support had no significant
direct or indirect relationship with student achievement at any grade
level, while perceived academic engagement was significantly and
positively related with student achievement for adolescents at all grade
levels. Nokali et al. (2010) found that improvements in parental
involvement predicted declines in problematic behaviors and
improvements in social skills, but did not predict changes in
achievement. Barile et al. (2012) found that even if students have good
relationships with their teachers, the relationship may not be enough to
improve their math achievement, particularly in high school. Hajovskya
et al. (2017) found that student-teacher conflict had a statistically
significant effect on subsequent math performance (f =0.04), but the
size of the effect was not actually significant. The connection between
personal relationships and academic achievement remains unclear and
more research is needed to reach a definitive conclusion.

1.2. Comparative study of the association
between different types of personal
relationships and academic achievement in
students

Determining which type of personal relationships is most closely
related to academic performance will contribute to future theoretical
and practical education planning. We found only a few studies that have
compared how well different types of personal relationships correlate
with student academic performance (Chen, 2005; Lam et al., 2012;
Altermatt, 2019; Wentzel et al., 2016; Leung et al., 2021; Vargas-Madriz
and Konishi, 2021). Importantly, among the existing research, results
were not consistent.

Some studies state more specifically which type of personal
relationships is important. For instance, Altermatt (2019) found that
only perceived academic support from peers, neither parents nor
professors, independently predicted academic self-efficacy. Gao and Xue
(2020) found that parental participation had a greater impact on student
academic performance than did peer influence, and was better at
explaining differences in student academic performance. Vargas-Madriz
and Konishi (2021) found that parental support showed a direct
relationship with academic involvement, while the relationships between
peer/teacher support and academic involvement was mediated by the
students’ sense of school belongingness.

Other studies found some personal relationships have less
correlation with academic performance than other personal
relationships. Some studies found that student-parent and student-peer
relationships were more related to academic achievement than were
student-teacher relationships. For instance, Leung et al. (2021) reported
that while the quality of student-parent and student-peer relationships
at Time 1 were significantly associated with academic achievement at
Time 2 after controlling for Time 1 academic achievement, that of
student-teacher relationships was not. In contrast, other studies found
that student-parent and student-teacher relationships more related to
academic achievement than were student-peer relationships. For
instance, Wentzel et al. (2016) examined perceived emotional support
and expectations from parents, teachers, and classmates in relation
social behavior and academic functioning in Mexican American
adolescents (1n=398). Results of a regression analyses indicated that
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teacher and parent variables were significant predictors of academic
outcomes, while peer variables were significant predictors of social
behavior. Lam et al. (2012) examined multiple-group structural equation
modeling to revealed that, not perceptions of peer support, but teacher
support and parent support were related indirectly to academic
performance through student engagement.

Thus, the literature shows varying results regarding the correlation
between different types of student relationships and student academic
performance. There are several reasons that could explain why these
results have been inconsistent.

First, the samples in these studies had differences in age, size, and
social and cultural backgrounds. For example, consider the following
two studies. In Altermatt (2019), the participants were 107
undergraduate students (79 women, 28 men), who were of traditional
college age (mean =20.14 years) and the majority (92%) identified as
Caucasian, enrolled in introductory psychology courses at a liberal arts
college in the Midwest United States. In contrast, Leung et al. (2021)
conducted a longitudinal study in Hong Kong, China in which data were
collected in two waves from a sample of 786 primary school students
who had similar socioeconomic status and academic performance.

In addition, the disciplines chosen in the literature to test academic
performance varied considerably. For instance, Teng et al. (2018) used
final exam results in Chinese, mathematics, and English from the
semester just before the experiment. The scores of each participant were
standardized within every class, which yielded Z-scores for the three
subjects. The sum of the three Z scores was used as an index of each
student’s academic achievement. In contrast, Garcia Bacete et al. (2021)
used student marks in mathematics and Spanish at the end-of-year
exams for 1st, 2nd, 4th, and 6th grades, applying a 5-point scale (fail,
pass, good, very good, and excellent).

Based on these factors that might influence the research results, the
current study makes adjustments in a large sample, which can ameliorate
the limitations of previous studies. We focused on comparing three
student relationships using different disciplines in two studies. This
method allows us to determine which relationship is most closely related
to academic achievement.

1.3. How the association between personal
relationships and academic achievement
develops

Previous research has focused on whether the correlation between
personal relationships and academic achievement varies by grade. Most
researchers have found that the degree to which personal relationships
affect academic achievement varies by grade. For example, Furman and
Buhrmester (1992) observed age differences in perceptions of
relationships with parents, grandparents, teachers, and siblings. Parents
were seen as the most frequent providers of support in the fourth grade,
same-sex friends were perceived to be as supportive as parents in the
seventh grade, and were the most frequent providers of support in the
tenth grade. Another good example of this can be found in Gallardo’
research (2016). Their regression analysis indicated that peer acceptance
positively predicted subsequent academic achievement and this
relationship was also moderated by age, with the effect of peer
acceptance on subsequent academic achievement being weaker during
mid-adolescence than in early adolescence. This consistent result was
also present in Wentzel study. Wentzel et al. (2020) found an association
between peer social acceptance and academic performance as twice as
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strong for students of primary education with respect to students of
secondary education.

These findings indicate that various relationships are perceived as
playing different roles at different points in development, which is
consistent with physical and mental development in children. Due to the
development of self-awareness and independence, children and
teenagers show completely different personal communication
characteristics; the focus of their personal relationships gradually shift
to close friendships. Therefore, we have reason to believe that with this
change in focus, the correlation between personal relationships and
academic performance also changes.

1.4. Current study

Based on the existing theoretical and empirical results, this study
used a big sample to focus on three different personal relationships
among students and their academic performance. The data came from
monitoring education quality in the Chinese city of Qingdao (Shandong
Province) for two consecutive years, which includes a survey that
assesses personal relationships in fourth and eighth graders. Part of the
personal relationship scale was updated in the second year (see
Measurements in Study 2 for details). As indexes of academic
achievement, we chose math scores in the first year and scientific scores
in the second year.

Social Impact Theory (SIT) provides theoretical support for our
hypothesis. The SIT proposed by Latan (1981) suggests that an
individual’s feelings, attitudes, and behavior can be influenced by the
presence of others. When some numbers of social sources are acting on
a target individual, the amount of impact experienced by the target
should be a multiplicative function of the strength, S, the immediacy, I,
and the number, N, of sources present. The three aspects of SIT is to say
that how important the group of social sources is to oneself (strength of
influence), closeness to the group (in proximity), and size of the group
(numbers) all combine to influence individuals. Pedersen et al. (2008)
proved the principles of SIT may contribute to differences between
assessments performed individually and those completed when
surrounded by members of one’s salient reference group. They examined
284 members of campus organizations in two contexts (online and
group) to determine if individuals endorse different responses to
questions of perceived and actual drinking norms across contexts.
Results showed that all participants endorsed higher responses on
questions of actual and perceived group behavior and of perceived group
attitudes toward drinking during the group assessment than
online assessment.

From this perspective, the characteristics of peer relationships are
consistent with the important factors that influence individuals as
emphasized in SIT theory. Usually, a class size is around 30 to 50
students. School-aged children spend most of their time in school and
have more contact with their classmates and friends. The number of
peers and communication time with peers are far greater than that of
parents and teachers. A Chinese classic is consistent with this saying, “If
you stay close to vermilion, you will be red, and if you stay close to ink,
you will be black” (from Fu Xuan, Jin Dynasty, China), which addressed
the importance of immediacy.

An equal relationship with peers can provide a sense of
psychological stability and identity, as well as opportunities and places
to use their own initiative, which parents and teachers cannot provide.
Students can meet their self-development needs through mutual help
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and respect by sharing common feelings, conflicts, worries and
difficulties with friends.

In addition, the process through which children acquire knowledge
is not done alone, but requires communication and experience. With
improved understanding of classroom teaching, cooperative learning has
become a focus in education and many studies have confirmed the
positive effects it has on different outcomes (Kyndt et al., 2013). It is
expected that with the strong advocacy of cooperative learning in recent
years, students are more inclined to cooperate with their peers to complete
their learning tasks. Such a reform further promotes the degree of
intimacy between peers and the importance of peers in student learning.

To sum up, we hypothesized that among the three typical personal
relationships (student-parent, student-teacher, and student-peer), the
student-peer relationships would have the highest correlation with
academic achievement.

2. Study 1
2.1. Methods

2.1.1. Participants

With the help of the center of Assessment for Basic Education
Quality in Qingdao City, Shandong Province, China, we used the
cluster-sampling method to send questionnaires to each school. The data
were collected in May 2018, and included 28,726 students in Grades 4
and 8 who came from 489 primary schools and 238 middle schools.
Excluding 558 students who incorrectly filled out the forms (erroneous
gender, grade level, or age), the actual sample size was 28,168. Parental
consent was obtained prior to classroom-based testing.

After excluding invalid questionnaires, 17,112 participants (mean
age=9.80years) remained in Grade 4, which included 8,847 (51.7%)
boys and 8,265 (48.3%) girls, and 11,056 participants (mean
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age=13.65years) remained in Grade 8, which included 5,448 (49.28%)
boys and 5,608 (50.72%) girls. Detailed demographic information is
shown in Table 1.

2.1.2. Measurements

Personal relationships were measured using a revised version of
the Personal Relationship Assessment Scale (PRAS) developed by the
center of Qingdao Education Evaluation and Quality Monitoring
Center, Ocean University of China. PRAS comprises 10 items that
focus on perceived personal interaction of students with parents,
teachers, and their peers (e.g., “When I'm in trouble, teacher help me
in time”).Students responded to each item about their particular
situations on a 5-point Likert scale ranging from 1 (strongly disagree)
to 5 (strongly agree). Scores were summed across the 10 questions to
generate the final score with higher scores indicating higher quality
of personal relationships students perceived. The scale has good
internal consistency, with Cronbach’s alpha of 0.648 for Grade 4 and
0.763 for Grade 8.

The math achievement test was designed based on the mathematic
curriculum standards of China, and included single choice, fill-in-the-
blank, and essay problems that test math knowledge for Grades 4 and 8.
For the sake of scientific research, we divided the test into six sets of test
papers with different content and the same question type combination,
which were randomly distributed to students in each grade. Test papers
for each grade (6 sets for each grade) had good internal consistency.
Cronbach’s alpha values for the 6 sets of Grade 4 and Grade 8 papers
ranged from 0.720 to 0.808.

2.1.3. Procedure

After obtaining the informed consent of teachers and students,
we began data collection in 2018, requiring all participants to complete
the PRAS and a random math test corresponding to their grade. The
math scores were graded by a quality inspection team of professionals.

TABLE 1 Sample size and mean age (years) by gender, grade level, and math test version.

Grade 4

Number

Mean age

(Male, Female) (Male, Female)

Grade 8
Number Mean age

(Male, Female) (Male, Female)

Test 1 2,859 9.79 Test 1 1840 13.66
(1,458, 1,401) (9.81,9.77) (947, 893) (13.69, 13.64)
Test 2 2,852 9.79 Test 2 1847 13.64
(1,429, 1,423) (9.79, 9.80) (901, 946) (13.66, 13.61)
Test 3 2,856 9.79 Test 3 1832 13.66
(1,463, 1,393) (9.79, 9.80) (906, 926) (13.68, 13.63)
Test 4 2,854 9.79 Test 4 1843 13.66
(1,488, 1,366) (9.80, 9.78) (884, 959) (13.70, 13.62)
Test 5 2,852 9.80 Test 5 1850 13.66
(1,488, 1,364) (9.81, 9.80) (891, 959) (13.69, 13.63)
Test 6 2,839 9.81 Test 6 1844 13.64
(1,521, 1,318) (9.82,9.79) (919, 925) (13.70, 13.59)
Total 17,112 9.80 Total 11,056 13.65
(8,847, 8,265) (9.80, 9.79) (5,448, 5,608) (13.69, 13.62)

We divided the math questions for each grade into six sets of tests in which the specific content differed, but the combination of questions was the same.
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Moreover, the quality inspection team was also responsible for
processing the questionnaire data. Questionnaire answers and math test
results were returned to the researchers in excel format.

All tasks were conducted in a school environment and started at the
same time. Relationships were measured online with no time limit, and
all students received the same instructions. The math tests were
completed in written form with a 60-min time limit.

2.1.4. Data analysis

Before analysis, we cleaned up the data using Microsoft Visual
FoxPro 9.0. This was mainly to replace variable names, delete outliers,
null values, and add dimensions. The purpose was to ensure that the
data being analyzed tended to be true and accurate.

The data analyses were conducted with IBM SPSS Statistics for
Windows, Version 26.0. Reliability and validity analysis, descriptive
analysis, and inferential analyses were performed to examine the

10.3389/fpsyg.2023.1012701

distribution of all variables and the associations between the main
variables and other variables. The inferential analysis used Pearson
correlation analysis and repeated-measures one-way analysis of variance
(ANOVA) to explore the association between personal relationships and
math achievement, as well as gender and age differences among them.

2.2. Results

2.2.1. Mean values and gender differences in
personal relationships

Table 2 shows mean values and gender differences in overall
personal relationships and the three subdivisions. There is a significant
difference in gender for students’ personal relationships that PRAS
scores were higher for girls than for boys in both Grade 4 [girls vs. boys:
434 vs. 4.14, t(df) =—19.341 (17098.681), p<0.001] and Grade 8 [4.41

TABLE 2 Mean (SD) values and independent sample T test results for gender in personal relationships.

Relationship Grade 4 Grade 8
Boys Girls Boys Girls
M(SD) M(SD) M(SD) M(SD)

Student-parent Test 1 4.05 (0.74) 4.16 (0.71) —4.010 <0.001 4.13(0.79) 4.23(0.75) -2.837 0.005
Test 2 4.03 (0.70) 4.14 (0.70) —4.171 <0.001 4.19(0.76) 425 (0.78) ~1.509 0.131
Test 3 4.06 (0.73) 4.15 (0.68) -3.262 0.001 4.10 (0.79) 4.21(0.74) —3.141 0.002
Test 4 4.01(0.72) 4.17 (0.67) -6.322 <0.001 412 (0.82) 4.25(0.77) -3.348 0.001
Test 5 4.04 (0.70) 4.17 (0.69) —5.177 <0.001 4.19 (0.75) 4.20 (0.74) -0.373 0.709
Test 6 4.04 (0.74) 4.16 (0.70) —4325 <0.001 4.15(0.81) 4.24(0.75) —2.658 0.008
Total 4.04(0.72) 4.16 (0.69) —1L111 <0.001 4.15(0.79) 4.23(0.75) —5.711 <0.001

Student-teacher Test 1 4.58 (0.81) 4.69 (0.69) —3.686 <0.001 4.51 (0.89) 4.55 (0.80) —1.201 0.230
Test 2 4.57 (0.82) 4.69 (0.70) —4.263 <0.001 4.55(0.85) 4.56 (0.82) -0.337 0.736
Test 3 4.58 (0.79) 4.68 (0.70) -3.358 0.001 4.47 (0.86) 4.55(0.75) —2.184 0.029
Test 4 4.57(0.82) 4.67 (0.70) —3.794 <0.001 4.47 (0.91) 4.59(0.77) -3.013 0.003
Test 5 4.55(0.83) 4.68 (0.71) —4.364 <0.001 4.53 (0.83) 4.52(0.78) 0.227 0.821
Test 6 4.58 (0.83) 4.67 (0.70) —-3.324 0.001 4.52 (0.88) 4.54(0.78) —0.499 0.618
Total 4.57 (0.82) 4.68 (0.70) -9.322 <0.001 4.51(0.87) 4.55(0.79) -2.878 0.004

Student-peer Test 1 3.71 (1.09) 4.06 (1.01) —8.811 <0.001 4.01 (0.99) 4.35(0.83) —7.851 <0.001
Test 2 3.62 (1.12) 4.04 (1.02) -10.379 <0.001 4.05 (0.99) 4.40 (0.81) —8.308 <0.001
Test 3 3.69 (1.11) 4.08 (0.99) —9.888 <0.001 3.97 (0.98) 4.32(0.85) -8.285 <0.001
Test 4 3.64 (1.10) 4.01 (1.03) -9.298 <0.001 4.01 (0.99) 4.35(0.83) —7.881 <0.001
Test 5 3.66 (1.11) 4.03 (1.03) -9.122 <0.001 4.07 (0.95) 4.31(0.85) —5.673 <0.001
Test 6 3.73 (1.10) 4.08 (1.02) —8.737 <0.001 4.00 (0.99) 4.37 (0.80) —8.954 <0.001
Total 3.68 (1.11) 4.05 (1.02) —22.937 <0.001 4.02 (0.98) 4.35(0.83) -19.179 <0.001

Total Test 1 4.16(0.72) 4.33(0.67) —6.588 <0.001 4.25(0.77) 4.41 (0.69) —4.724 <0.001
Test 2 4.12(0.71) 4.33(0.67) -8.300 <0.001 4.31(0.73) 4.45(0.71) —4.082 <0.001
Test 3 4.15 (0.70) 4.35(0.68) -7.521 <0.001 4.20 (0.77) 4.39 (0.69) —5.737 <0.001
Test 4 4.12(0.70) 4.33(0.68) —8.167 <0.001 4.24(0.76) 4.45 (0.68) -6.273 <0.001
Test 5 412 (0.71) 4.34(0.67) —8.586 <0.001 431 (0.71) 4.39(0.70) —2.412 0.016
Test 6 4.15(0.71) 436 (0.68) —8.240 <0.001 4.26 (0.75) 4.40 (0.69) —4.360 <0.001
Total 4.14(0.71) 4.34(0.68) —19.341 <0.001 4.26 (0.75) 4.41 (0.70) —11.298 <0.001

#p<0.05, ¥*p<0.01, **¥p < 0.001.
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TABLE 3 Correlations between personal relationships and math scores.

10.3389/fpsyg.2023.1012701

Relationship Grade 4 Grade 8
Girls Girls

Student-parent Test 1 0.134%* 0.254%% 0.187%* 0.191%* 0.156%* 0.176%*
Test 2 0.218%* 0.221%* 0.220%* 0.147%* 0.112%* 0.129%*
Test 3 0.189%* 0.209%* 0.199%* 0.197%* 0.104%* 0.153%*
Test 4 0.178%* 0.220%* 0.195%* 0.097%* 0.078* 0.090%*
Test 5 0.221%* 0.153%* 0.188%* 0.149%* 0.128%* 0.138%*
Test 6 0.192%* 0.196%* 0.190%* 0.171%* 0.150%* 0.161%*
Total 0.182%* 0.189%* 0.185%%* 0.154%* 0.114%* 0.136%*

Student-teacher Test 1 0.145%* 0.160%* 0.149%* 0.170%* 0.127%* 0.152%*
Test 2 0.171%* 0.215%* 0.191%* 0.130%* 0.136%* 0.133%*
Test 3 0.135%* 0.172%* 0.153%* 0.1427%% 0.143%* 0.142%*
Test 4 0.112%* 0.133%* 0.120%* 0.1027%* 0.073% 0.091%*
Test 5 0.188%* 0.124%* 0.160%* 0.158%* 0.165%* 0.161%*
Test 6 0.145%* 0.158%* 0.148%* 0.135%* 0.126%* 0.130%*
Total 0.141%* 0.151%* 0.145%* 0.135% 0.122%* 0.129%*

Student-peer Test 1 0.206%* 0.309%* 0.245%* 0.197%* 0.187%* 0.194%*
Test 2 0.237%* 0.262%* 0.247%* 0.223%* 0.199%* 0.211%*
Test 3 0.278%* 0.244%* 0.265%* 0.253%* 0.199%* 0.225%*
Test 4 0.247%% 0.279%* 0.257%* 0.209%* 0.164** 0.191%*
Test 5 0.301%* 0.292%* 0.291%* 0.224%* 0.240%* 0.229%*
Test 6 0.261%* 0.221%* 0.234%* 0.198%* 0.206%* 0.197%*
Total 0.239%* 0.250%* 0.241%* 0.2127%* 0.188%* 0.200%*

Totals Test 1 0.215%* 0.329%* 0.262%* 0.230%* 0.180%* 0.209%*
Test 2 0.271%* 0.296%* 0.282%* 0.200%* 0.196%* 0.199%*
Test 3 0.252%%* 0.258%* 0.256%* 0.234%* 0.170%* 0.203%*
Test 4 0.233%* 0.263%* 0.243%* 0.165%* 0.113%* 0.144%*
Test 5 0.300%* 0.254%% 0.275%% 0.216%* 0.208%* 0.212%*
Test 6 0.267%* 0.252%% 0.2527%% 0.223%* 0.196%* 0.209%*
Total 0.2427%* 0.256%* 0.246%* 0.208%* 0.170%* 0.191%*

#*p<0.05, **p<0.01.

vs. 4.26, H(df) =—11.298 (10936.739), p <0.001]. Looking at individual
relationship types, the same pattern held for the student-parent [Grade
4:4.16 vs. 4.04, t(df)=—11.111 (17095.336), p<0.001, Grade 8: 4.23 vs.
4.15, t(df)=—5.711 (11054), p < 0.001]; student-teacher, Grade 4: 4.68 vs.
4.57, t(df)=-9.322 (16976.821), p<0.001, Grade 8: 4.55 vs. 4.51,
t(df) =—2.878 (10860.621), p <0.01 and student-peer, Grade 4: 4.05 vs.
3.68, t(df)=-22.937 (17106.491), p<0.001, Grade 8: 4.35 vs. 4.02,
H(df) =—19.179 (10637.617), p<0.001.

2.2.2. The correlation analysis between personal
relationships and math achievement

PRAS scores correlated significantly and positively with math
achievement in Grade 4 (r=0.246, p<0.01) and Grade 8 (r=0.191,
p<0.01). To further explore this relationship, we analyzed the data
according to the test version, gender, and grade. We found that the
correlation between personal relationships and math achievement was
roughly consistent and stable. See Table 3 for details.
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Student-parent relationships. For boys in Grade 4, the correlation
coefficient between the student-parent PRAS score and math achievement
overall was 0.182 (p<0.01). When looking each math test version
separately, the correlation coefficients ranged from 0.134 to 0.221 (all
p<0.01). For girls in Grade 4, the correlation coeflicient for the same
relationship was 0.189 overall (p<0.01), and ranged from 0.153 to 0.254
(all p<0.01) for each math test individually. Looking at the same
relationship in Grade 8, the correlation coefficient was 0.154 for boys
(p<0.01; ranging from 0.097 to 0.197, all p<0.01) and 0.114 for girls
(p<0.01; ranging from 0.078 to 0.156, p<0.05).

In Grade 4, the correlation coefficient between student-teacher
PRAS score and math achievement was 0.141 for boys (p <0.01; ranging
from 0.112 to 0.188 for the six math tests, all p <0.01) and 0.151 for girls
(p<0.01; ranging from 0.124 to 0.215, p<0.01). In Grade 8, the
correlation coefficient was 0.135 for boys (p <0.05; ranging from 0.102
to 0.170, all p<0.01) and 0.122 for girls (p <0.01; ranging from 0.073 to
0.165, all p<0.05).
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In Grade 4, the correlation coeflicient between student-peer PRAS
score and math achievement was 0.239 for boys (p <0.01; ranging from
0.206 to 0.301, all p<0.01) and 0.250 for girls (p <0.01; ranging from
0.221 to 0.309, all p<0.01). In Grade 8, the correlation coefficient was
0.212 for boys (p <0.01; ranging from 0.197 to 0.253, all p<0.01) and
0.188 for girls (p <0.01; ranging from 0.164 to 0.240, all p<0.01).

In Grade 4, the correlation coefficient between the overall PRAS
score and math achievement was 0.242 for boys (p <0.01; ranging from
0.215 to 0.300, all p<0.01) and 0.256 for girls (p <0.01; ranging from
0.252 to0 0.329, all p<0.01). In Grade 8, it was 0.208 for boys (p <0.01;
ranging from 0.165 to 0.234, all p<0.01) and 0.170 for girls (p<0.01;
ranging from 0.113 to 0.208, all p<0.01).

Based on these results, we analyzed the data using a repeated-
measures General Linear Model. The in-between factors were the
correlation coefficients between the three types of student relationships
and math achievement. The factors were Grade (4 or 8) and gender, and
the Sphericity Assumption method was adopted to obtain the results of
the intra-group Factor test (see Table 4). We found significant differences
between the correlations (p<0.001). Based on Table 3, we can see that
among the three relationship types, the student-peer relationships had
the closest association with math achievement.

2.2.3. Multivariate ANOVA

Multi-factor ANOVAs were used to investigate gender and grade
differences in the correlation between student personal relationships
and math achievement. We found no gender difference for any of the
three relationship types (all p>0.05, Bonferroni-corrected). In
contrast, we did find a difference in grade for the student-parent
[F(1, 20) =19.134, p<0.001, Bonferroni-corrected, ? p=0.489] and
student-peer [F(1, 20) =21.236, p<0.001, Bonferroni-corrected, 1’
p=0.515] relationships. Combined with Tables 3, 5, we conclude that
the correlation between the quality of the student-peer relationships
and math achievement was stronger in Grade 4 than in Grade 8, and
it was same between student-parent relationships and math
achievement. See Table 5 for details.

2.3. Discussion

The results of Study 1 supported our hypothesis that student-peer
relationships have the closest association with academic achievement (as
indexed by math achievement) among the three types of
student relationships.

The correlation analysis showed that personal relationships
significantly and positively correlate with math performance, which is

consistent with numerous other studies (Dhingra and Manhas, 2009;

TABLE 4 Results of intra-group factor test.

Source Sss  df MS F P
Personal relationships 0.105 2 0.052 95.386 <0.001
Gender 0.000 2 0.000 0.208 0.813
Grade 0.005 2 0.003 4.558 0.016
Gender x Grade 0.001 2 0.001 0.924 0.405
Error (personal 0.022 40 0.001

relationships)

#p<0.05, ¥p <0.01, ***p < 0.001, Bonferroni-corrected.
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Lee, 2012; Oberle and Schonert-Reichl, 2013). Further analysis showed
that, among the three types of student relationships, the student-peer
relationships had the closest association with math scores in both Grade
4 and Grade 8, among boys and girls. To the best of our knowledge, this
study is the first evidence showing that the student-peer relationships
have a closer association with academic achievement than do student-
parent or student-teacher relationships.

The ANOVA results showed the correlation between student-peer
relationships quality and math performance depended on grade: the
correlation became less as students got older. In terms of changes in peer
relationships themselves, it has been confirmed that increased cognitive
ability may encourage older students to seek independence more than
younger students do (Furman and Buhrmester, 1992; Fuligni Andrew
and Eccles Jacquelynne, 1993). Therefore, we speculate that eighth grade
students may be more mature in thinking and more independent in
their learning compared with fourth grade students, which could
explain the grade difference.

Further inspiration comes from Chen (2005). Chen tested a
hypothesized model that students’ self-perceived academic support
(from parents, teachers, and peers) is directly or indirectly related to
their achievement through their own perceived academic
engagement. In this process, the author found that personal
relationships have different effects on different academic subjects:
student-teacher relationships had the greatest impact on English and
math, while student-peer relationships had the least impact. The
student-teacher relationships had the greatest influence on Chinese,
and the student-parent relationships had the least influence. These
findings are not consistent with our results from Study 1, and we are
curious whether differences in discipline is the key factor leading to
different results. Therefore, in the second year, we focused on the
connection between personal relationships and science achievement
to test our hypothesis that among the three typical personal
relationships (student-parent, student-teacher, and student-peer),
the student-peer relationships would have the highest correlation
with academic achievement.

3. Study 2
3.1. Method

3.1.1. Participants

We used the same methods to collect student data as in Study 1. The
data were collected in May 2019, and included 30,596 students in Grade
4 and Grade 8 who came from 545 primary schools and 241 middle
schools. Excluding 727 students who incorrectly filled out the forms
(erroneous gender, grade level, or age), the actual sample size was
29,869. After excluding invalid questionnaires, there were 17,752
participants (mean age=9.80years) in Grade 4, which included 9,210
(51.9%) boys and 8,542 (48.1%) girls, and 12,117 participants (mean
age=13.75years) in Grade 8, which included 6,283 (51.9%) boys and
5,834 (48.1%) girls. Parental consent was obtained prior to classroom-
based testing. Detailed demographic information is shown in Table 6.

3.1.2. Measurements

Personal relationships were measured using PRAS (2019), an
updated version of PRAS (2018) that still focus on perceived personal
interaction of students with parents, teachers, and their peers (e.g., “I
have good times with my classmates”). Since large-scale educational
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TABLE 5 ANOVA for gender and grade in relation to personal relationships and achievement.

Student-parent relationship

Student-teacher relationship

Student-peer relationship

F p " p F p " p F p " p
Gender 0.408 1 0.530 0.020 0.000 0.994 0.000 0.053 1 0.820 0.003
Grade 19.134 1 <0.001 0.489 3.225 0.088 0.139 21.236 1 <0.001 0.515
Gender x Grade 4.582 1 0.045 0.186 0.905 0.353 0.043 1.805 1 0.194 0.083
Error 20 20 20

#p<0.05, ¥*p < 0.01, ***p < 0.001, Bonferroni-corrected.

TABLE 6 Sample size and mean age (years) by gender, grade level, and science test version.

Grade 4

Number

Mean age

Grade 8

Number Mean age

(Male, Female) (Male, Female)

(Male, Female) (Male, Female)

Test 1 4,482 9.81 Test 1 1,836 13.74
(2,320,2,162) (9.82,9.79) (945, 891) (13.74, 13.74)

Test 2 4,460 9.79 Test 2 2,065 13.75
(2,328,2,132) (9.79, 9.80) (1,071, 994) (13.75,13.75)

Test 3 4,418 9.80 Test 3 2,059 13.76
(2,330, 2088) (9.80, 9.80) (1,033, 1,026) (13.79,13.72)

Test 4 4,392 9.80 Test 4 2,056 13.76
(2,232, 2,160) (9.81,9.78) (1,069, 987) (13.80,13.72)

Test 5 2,052 13.75
(1,076, 976) (13.77,13.73)

Test 6 2,049 13.74
(1,089, 960) (13.76, 13.73)

Total 17,752 9.80 Total 12,117 13.75
(9,210, 8,542) (9.80,9.79) (6,283, 5,834) (13.77,13.73)

We divided the science questions for Grade 4 into four sets, and the science knowledge for Grade 8 into six sets, which the specific content differed, but the combination of questions was the same.

quality monitoring generally requires a certain amount of annual
updates, PRAS (2019) has been revised based on last year’s version: the
student-parent section was revised from four items, adding reverse
scoring questions to eight items; a reverse scoring question was added
to the student-teacher section and a forward scoring question was added
to the student-peer section. The scoring rules remain the same. Students
responded to each of 17 items about their particular situations. The scale
has good internal consistency, with Cronbach’s alphas of 0.869 for Grade
4 and 0.916 for Grade 8.

The Science achievement test was designed based on the science
curriculum standards of China, which include single choice
questions and non-choice questions and content about science
knowledge in Grade 4 and Grade 8. For the experiment, we divided
the Grade 4 test into four sets and Grade 8 test into six sets, each
with different content but with the same combination of questions,
which were randomly distributed to students in each grade. Test
papers for each grade had good internal consistency, with Cronbach’s
alpha values for the 4 sets of test papers in Grade 4 and Grade 8
ranging from 0.723 to 0.922.

3.1.3. Procedure
After obtaining the informed consent of teachers and students,
we began data collection in 2019, requiring all participants to complete
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the PRAS and a random science test corresponding to their grade. The
science scores were graded by a quality inspection team of professionals.
All other aspects of the procedure were the same as in Study 1.

3.1.4. Data analysis

Data analysis was conducted in the same manner as in Study 1.

3.2. Results

3.2.1. Mean values and gender differences in
personal relationships

Table 7 shows mean values and gender differences in overall
personal relationships and the three subdivisions. There is a significant
difference in gender for students’ personal relationships that PRAS
scores were higher for girls than for boys in both Grade 4 [girls vs. boys:
440 vs. 4.25, t(df) = 12.940 (17747.529), p<0.001] and Grade 8 [4.16 vs.
4.07, t(df) =5.854 (12115), p<0.001]. Looking at individual relationship
types, the same pattern held for the student-parent, Grade 4: 4.31 vs.
4.20, t(df)=7.817 (17629.440), p<0.001, Grade 8: 3.95 vs. 3.92,
t(df) =1.548 (12115), p=0.122; student-teacher, Grade 4: 4.65 vs. 4.50,
H(df) =12.694 (17545.281), p <0.001, Grade 8: 4.38 vs. 4.28, t(df) =5.827
(12107.187), p<0.001 and student-peer, Grade 4: 4.39 vs. 4.21,
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TABLE 7 Mean (SD) values and independent sample T test results for gender in personal relationships.

Relationship Grade 4 Grade 8
Boys Girls Boys Girls
M(SD) M(SD) M(SD) M(SD)

Student- Test 1 4.20 (0.86) 4.32(0.86) 4.663 <0.001 Test 1 3.93 (1.02) 3.99 (0.97) 1.282 0.200
parent Test 2 4.25 (0.84) 4.30 (0.86) 2.097 0.036 Test 2 3.90 (1.00) 4.00 (1.00) 2.235 0.026
Test 3 4.18 (0.86) 4.31(0.84) 5.237 <0.001 Test 3 3.88 (1.01) 3.93 (1.01) 1.074 0.283
Test 4 4.19 (0.86) 4.29 (0.88) 3.649 <0.001 Test 4 3.91(1.02) 3.90 (1.02) —0.225 0.822
Test 5 3.92 (1.01) 3.92 (1.03) 0.048 0.962
Test 6 3.96 (0.97) 3.94 (1.04) —0.516 0.606
Student- Total 4.20 (0.86) 4.31(0.86) 7.817 <0.001 Total 3.92 (1.00) 3.95 (1.01) 1.548 0.122
teacher Test 1 4.50 (0.84) 4.65 (0.69) 6.67 <0.001 Test 1 4.25(0.96) 4.36 (0.90) 2.582 0.010
Test 2 4.52(0.82) 4.65 (0.70) 5.594 <0.001 Test 2 4.28 (0.96) 4.40 (0.87) 3.206 0.001
Test 3 4.48 (0.85) 4.65 (0.68) 7.472 <0.001 Test 3 4.29 (0.95) 4.33 (0.90) 1.048 0.295
Test 4 4.51(0.82) 4.64 (0.70) 5.638 <0.001 Test 4 4.30 (0.94) 4.36 (0.87) 1.580 0.114
Test 5 4.28 (0.96) 4.39 (0.84) 2.959 0.003
Test 6 4.31(0.96) 4.43 (0.82) 3.060 0.002
Student-peer | Total 4.50 (0.83) 4.65 (0.69) 12.694 <0.001 Total 4.28 (0.96) 4.38(0.87) 5.827 <0.001
Test 1 4.21(0.86) 4.41 (0.80) 7.989 <0.001 Test 1 4.25(0.85) 4.44(0.74) 5.070 <0.001
Test 2 4.26 (0.84) 4.37(0.82) 4.707 <0.001 Test 2 4.28(0.82) 4.46 (0.75) 5.137 <0.001
Test 3 4.19 (0.86) 4.38 (0.80) 7.571 <0.001 Test 3 4.27 (0.84) 4.40 (0.78) 3.448 0.001
Test 4 4.20 (0.88) 4.38 (0.79) 7.367 <0.001 Test 4 4.31(0.83) 4.41 (0.76) 2.700 0.007
Test 5 4.28 (0.82) 4.42(0.78) 4.093 <0.001
Test 6 4.31(0.82) 4.44(0.75) 3.797 <0.001
Total Total 4.21(0.86) 4.39 (0.80) 13.822 <0.001 Total 4.28 (0.83) 4.43 (0.76) 9.844 <0.001
Test 1 4.25(0.78) 4.42 (0.73) 7.294 <0.001 Test 1 4.05 (0.88) 4.19 (0.81) 3.395 0.001
Test 2 4.29 (0.77) 4.40 (0.74) 4.848 <0.001 Test 2 4.06 (0.84) 4.19 (0.83) 3.633 <0.001
Test 3 4.22(0.79) 4.40 (0.73) 7.783 <0.001 Test 3 4.05 (0.85) 4.12(0.84) 2.080 0.038
Test 4 4.24(0.79) 4.38 (0.75) 5.947 <0.001 Test 4 4.08 (0.87) 4.13 (0.83) 1.235 0217
Test 5 4.06 (0.86) 4.15 (0.84) 2.332 0.020
Test 6 4.10 (0.83) 4.16 (0.81) 1.787 0.074
Total 4.25(0.78) 4.40 (0.74) 12.940 <0.001 Total 4.07 (0.85) 4.16 (0.83) 5.854 <0.001

#p<0.05, ¥*p<0.01, **¥p < 0.001.

t(df) =13.822 (17749.549), p<0.001, Grade 8: 4.43 vs. 4.28, (df) =9.844
(12113.495), p<0.001.

3.2.2. The correlation analysis between personal
relationships and science achievement

PRAS scores were significantly and positively correlated with
science achievement in Grade 4 (r=0.180, p<0.01) and Grade 8
(r=0.159, p<0.01). To further explore the correlation between student
personal relationships and science achievement, we analyzed the data
according to the test version, gender, and grade. We found that the
correlation was roughly consistent and stable across these dimensions.
See Table 8 for details.

For boys in Grade 4, the correlation coefficient between the student-
parent PRAS score and science achievement was 0.149 (p<0.01) and
those for each version of the science test ranged from 0.118 to 0.216 (all
p<0.01). For girls in Grade 4, the correlation coefficient was 0.110
(p<0.01; ranging from 0.103 to 0.124 for each test version, all p<0.01).
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In Grade 8, the correlation coefficient was 0.095 for boys (p<0.01;
ranging from 0.071 to 0.164, all p<0.01) and 0.111 for girls (p<0.01;
ranging from 0.096 to 0.176, all p<0.01).

In Grade 4, the correlation coefficient between student-teacher
PRAS score and science achievement was 0.172 for boys (p<0.01;
ranging from 0.154 to 0.197, all p <0.01) and 0.149 for girls (p <0.01;
ranging from 0.126 to 0.189, all p<0.01). In Grade 8, it was 0.180
for boys (p <0.01; ranging from 0.173 to 0.207, all p<0.01) and
0.155 for girls (p<0.01; ranging from 0.113 to 0.212, all
p<0.01).

In Grade 4, the correlation coefficient between student-peer
PRAS scores and science achievement was 0.221 for boys (p <0.01;
ranging from 0.198 to 0.262, all p<0.01) and 0.199 for girls
(p<0.01; ranging from 0.184 to 0.233, all p<0.01). In Grade 8, it
was 0.216 for boys (p<0.01; ranging from 0.195 to 0.255, all
p<0.01) and 0.168 for girls (p <0.01; ranging from 0.164 to 0.220,
all p<0.01).
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TABLE 8 Correlations between personal relationships and science scores.
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Relationship Grade 4 Grade 8
Girls Girls
Student-parent Test 1 0.216%* 0.103%* 0.163%* Test 1 0.164%* 0.164%* 0.164%*
Test 2 0.161%% 0.108%* 0.135%%* Test 2 0.095%* 0.176%* 0.133%*
Test 3 0.120%* 0.119%* 0.116%* Test 3 0.100%* 0.105%* 0.103%*
Test 4 0.118%* 0.124%% 0.117%% Test 4 0.084% 0.096%* 0.089%*
Test 5 0.071% 0.107%* 0.087%%
Test 6 0.090%* 0.127%% 0.106%*
Total 0.149%* 0.110%* 0.128%* Total 0.095%% 0.111%% 0.102%*
Student-teacher Test 1 0.197%* 0.156%* 0.177%% Test 1 0.203%* 0.230%* 0.215%*
Test 2 0.197%% 0.189%% 0.190%* Test 2 0.177%% 0.163%* 0.173%*
Test 3 0.154%% 0.126%% 0.136%* Test 3 0.173%% 0.212%% 0.191%%
Test 4 0.178%+ 0.144%* 0.157%% Test 4 0.184%* 0.139%* 0.165%*
Test 5 0.188%* 0.193%%* 0.189%%
Test 6 0.207% 0.113%%* 0.170%%*
Total 0.172%% 0.149%% 0.158%% Total 0.180%* 0.155%%* 0.170%%*
Student-peer Test 1 0.262%* 0.197%* 0.230%* Test 1 0.217%* 0.211%* 0.213%*
Test 2 0.240%%* 0.226%* 0.231°% Test 2 0246+ 0.220%* 0.238%*
Test 3 0.198%* 0.233%* 0.207°% Test 3 0.195%% 0.191°%* 0.196**
Test 4 0.216%* 0.184%% 0.194° Test 4 0.234%% 0.166%* 0.206%*
Test 5 0.208%* 0.191°% 0.198%*
Test 6 0.255%* 0.164°* 0.218%*
Total 0.221%%* 0.199%* 0.206%* Total 0.216%* 0.168%* 0.196%*
Total Test 1 0.257%% 0.176%* 0.218%* Test 1 0.205%* 0.209°* 0.206%*
Test 2 0.223%* 0.189%* 0.204°* Test 2 0.1827%* 0.187%% 0.187%*
Test 3 0.179%* 0.167%* 0.167°* Test 3 0.185%* 0.1627* 0.176%*
Test 4 0.176%* 0.164%* 0.164°* Test 4 0.165%* 0.148%* 0.158%*
Test 5 0.138%* 0.160%* 0.147%%
Test 6 0.176%* 0.149°* 0.164%*
Total 0.200%* 0.167%* 0.180%* Total 0.167%* 0.148%* 0.159%*
#p<0.05, *¥p<0.01.
TABLE 9 Results of the intra-group factor test. from 0.176 to 0.257, all p<0.01) and 0.167 for girls (p<0.01; ranging
from 0.164 to 0.189, p<0.01). In Grade 8, it was 0.167 for boys (p <0.01;
Solitce o5 & WA - > ranging from 0.138 to 0.205, all p<0.01) and 0.148 for girls (p<0.01;
Personal 0.077 2 0.039 72.767 <0.001 ranging from 0.148 to 0.209, all p<0.01).
relationships Correlation data were analyzed using the same repeated-
Gender 0.001 2 0.001 1.075 0.353 measures General Linear Model as in Study 1 (see Table 9). We again
Grade 0,003 5 0.001 5692 0,083 found significant differences between personal relationships and
achievement, which depended on the type of relationships
Gender x Grade 0.004 z 0.002 4193 0024 (p<0.001). Based on Table 8, we can see that among the three
Error(personal 0.017 3 0.001 relationship types, the student-peer relationships were most closely
relationships) related to science achievement.

#p<0.05, #p <0.01, **¥*p < 0.001, Bonferroni-corrected.

In Grade 4, the correlation coefficient between the overall PRAS
score and science achievement was 0.200 for boys (p<0.01; ranging

Frontiers in Psychology

3.2.3. Multivariate ANOVA

Multi-factor ANOVAs were used to investigate gender and grade
differences in the relationship between student personal relationships and
science achievement. We found no significant grade or gender differences

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1012701
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Yu et al.

10.3389/fpsyg.2023.1012701

TABLE 10 ANOVA for gender and grade in relation to personal relationships and achievement.

Student-parent relationship

Student-teacher relationship

Student-peer relationship

F P P F p " p F p " p
Gender 0.151 1 0.702 0.009 2.302 1 0.149 0.126 6.138 1 0.025 0.277
Grade 1.534 1 0.233 0.087 1.084 1 0.313 0.063 1.068 1 0.317 0.063
Gender x Grade 5.177 1 0.037 0.244 0.266 1 0.613 0.016 0.555 1 0.467 0.034
Error 16 16 16

#p<0.05, ¥*p < 0.01, **¥p < 0.001, Bonferroni-corrected.

in the correlations between the three relationship types and science
achievement (p>0.05, Bonferroni-corrected). See Table 10 for details.

3.3. Discussion

The results of Study 2 support our hypothesis the conclusion of Study
1; student-peer relationships had the closest association with academic
achievement, compared with student-parent and student-teacher
relationships. In Study 2, we used science performance as the index of
academic performance to verify the relationships we found in Study 1.

Results of the correlation analysis confirmed a significant positive
correlation between personal relationships and academic performance,
with the student-peer relationships being the most strongly associated
academic performance, in both Grade 4 and Grade 8 and among both
boys and girls, even after changing the discipline categories.

However, we found that the correlation between student-peer
relationships and science achievement did not depend on grade, which
was inconsistent with the results from Study 1 in which the same
relationship did depend on grade when the subject matter was
mathematics. Thus, performance in different disciplines (math vs. science)
might not be affected by social relationships in the same way. We speculate
that the differences between math and science could be related to the
extent that the students care, the time spent studying, and the point-weight
of the exam. In China, because math is a subject used for school entrance
examinations, it is considered important in every grade. Due to the
constant external factors in math learning, we speculate that the grade
difference in the correlation between the student-peer relationships and
math achievement (Study 1) is simply related to age-related developmental
differences, such as cognition. In contrast, it is true that neither students,
teachers, or parents pay much attention or invest much in science
education in primary schools, as science is not part of any entrance exam.
However, science does receive more attention in junior high school as it
begins to become incorporated in entrance exams. According to the report
from the Program for International Student Assessment (Schleicher, 2019),
the average time that Chinese students spent on math and science courses
were about 5h per day, each. We speculate that the change in external
factors that affect science learning eclipsed age-related developmental
differences, resulting in no significant grade difference in the correlation
between the student-peer relationships and science achievement.

4. General discussion

In 2018 and 2019, a large sample of primary and middle school
students were selected as research participants, and different disciplines
were used to explore the relationship between three types of personal
relationships and academic performance. The results from Study 1 and
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Study 2 strongly support our hypothesis that among the three types of
important personal relationships (student-parent, student-teacher, and
student-peer), the student-peer relationships were the most closely
related to academic performance.

4.1. The significant positive correlation
between personal relationships and
academic achievement

The positive correlation between personal relationships and academic
performance in this study is consistent with most previous studies.
According to the self-determination theory (SDT), supportive relationships
may fulfill students basic psychological need for social relatedness (Deci
and Ryan, 2000). When this need is met, adolescents feel connected to
their teachers and peers, which fosters their motivation to behave in
socially appropriate ways and concentrate on learning. Kiuru et al. (2014)
also found that student academic performance can be promoted by
increasing the support students receive from peers, parents, and teachers
because such increased support leads to better task focus when learning.
According to Soe (2020), the relationship between social support that
students received from their parents, teachers, and peers and academic
achievement were significantly correlated with each other; the more
students get social support, the better their academic performance.

4.2. The student-peer relationships were
highly related to academic achievement

This study confirmed our hypothesis that student-peer relationships
would have a closer association with academic achievement than student-
parent or student-teacher relationships. This result is consistent with
previous studies. Kindermann (2016) found that students interactions with
agemates enhanced their learning over and above the provisions of adult
educators; many children appear to go to school or to like school (better)
because of their peers and friends. Peer acceptance can have motivational
benefits that enhance the learning process; children who enjoy positive
relationships with peers also tend to be more engaged in academic tasks
and even excel at academic tasks more than those who have problems in
their peer relationships (Wentzel, 2017; Wentzel et al.,, 2020). Adolescents
who are victimized by their peers are less motivated to attend school and
may miss learning opportunities (Eisenberg et al., 2003).

The current study strongly supports this view. The item on the PRAS
that correlated most with performance (highest overall correlation,
—0.185 in Study 1; fourth highest overall correlation, —0.156 in Study 2)
was, “It is difficult for me to participate in the discussions and activities
of my classmates” The PRAS question that correlated second-most
overall with achievement scores (—0.181) was an item from Study 2, “I
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want to participate in discussions and activities with my class” See
Supplementary Materials for details. Thus, successful participation in
discussions and activities with their peers is closely related to students’
academic performance. We propose that in a safe and effective learning
environment created by good peer relationships, students are more
willing to participate in activities, and the higher the frequency of their
collaborative interactions, the better their academic performance.

This conclusion verifies the Social Impact Theory (SIT). The
strength (S), the immediacy (I), and the number (N), as proposed by
SIT, is further discussed below based on the results of this study, existing
studies, and the current situation of education.

First, compared with other groups, peers have more influence on
students. Strength (S) is strongly supported by the high correlation
between academic performance and peer relationships. As children
move from primary school to middle school, the social support function
from parents, teachers, and peers seems to change, and by middle and
late childhood, close friendships become an important social support
system for children. Furman and Buhrmester (1992) compared with
parents, school-aged students are more willing to rely on friends to
encourage and support them in coping with academic pressure.

Second, in the context of learning, students naturally have more
direct contact and closer relationships with their peers than with others.
Immediacy (I) is strongly supported by the high correlation between
academic performance and peer relationships. In the famous Chinese
story “The three times moving of Meng Ke's mother ¢, Meng Ke’s mother
chose good environments and companions for the child and moves
many times. Known since ancient times, people have paid attention to
the effect that companions have on their children.

Finally, peers are the people with whom students have the most
contact. The Number (N) again is strongly supported by the high
correlation between academic performance and peer relationships. Most
researchers agree that the number of partners affects an individuals
performance. For example, Carter and Hughes (2005) found that
students with disabilities had higher levels of social interaction and
contact with the general curriculum when they worked with two peers
than when they worked with one.

In addition, we believe that cooperative inquiry teaching, which has
been advocated by educators in recent years, has a positive effect on peer
closeness. As early as 2001, China mentioned and advocated cooperative
learning in the Decision of the State Council on the Reform and
Development of Basic Education, pointing out that it encourages
cooperative learning, promotes mutual communication and development
among students, and promotes teachers and students to learn from each
other. The Outline of Basic Education Curriculum Reform (Trial), issued in
the same year, once again proposed that comprehensive practical activities
should be taken as compulsory courses from primary school to senior high
school. Research-based learning is a key focus of this new plan, implemented
in order to develop communication and cooperation among students.

In the following years, cooperative learning was discussed as
China’s education and teaching reform deepened. Most teachers are
actively practicing and guiding students to cooperate in learning. A
series of studies confirmed the effect of peer cooperative learning. For
instance, Veldman et al. (2020) found that cooperative learning may
lead to improved group work behavior in young pupils (6-7 years old).
Molla and Muche (2018) showed that a significant gain in learning
occurred via a cooperative learning-achievement division followed by
a cooperative discussion group. We speculate that in efficient
cooperative learning processes, students and peers become closer and
the importance of peers in a student’s learning increases.
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4.3. Educational implications

4.3.1. The importance of participation and
cooperation

The results of this study remind educators that in addition to
cognitive factors, personal relationships, especially peer relationships,
need to be considered with regards to student academic performance.
Student interactions with their peers in discussions or activities is closely
related to academic performance. This enlightens our daily teaching
work: (1) Teachers should guide students to integrate into the collective
learning process, create learning opportunities through communication,
encourage students to participate in discussions and activities, help them
learn how to cooperate, and should not deprive students of time and
space for independent communication; (2) teachers should also create a
class and campus atmosphere of unity, mutual assistance, and friendship,
guide students with a positive learning attitude to inspire others around
them, and should not cultivate antagonistic emotions or over-emphasize
competition; (3) teachers should also strive to improve the environmental
conditions and adjust the space between students (such as seat
adjustment) to promote peer relationships and increase the possibility of
discussion and exchange. A series of studies have shown that learning
spaces are becoming an important fulcrum of school reform. Flexible
learning spaces have a significant impact on learning outcomes, including
improving academic performance, promoting teacher-student
interactions in class, and improving the learning experience (Brooks and

Baepler, 2012; Baepler and Walker, 2014; Gremmen et al., 2018).

4.3.2. The importance of school and class
construction

The results provided some evidences for the valuable of the existence
of schools and classrooms. In recent years, many schools are exploring
the abolition of classroom-teaching systems. Other are considering
improving the classroom-teaching system by using an “Optional Class
System” or other teaching methods. “With the rise of intelligent
technology, the widespread availability of free learning opportunities
signals the decline of existing curriculum structures and the collapse of
school systems, the disappearance of traditional teaching staff, and the
emergence of individuals as producers and practitioners of knowledge”
(Organization for Economic Cooperation and Development, 2020). The
natural limitations of traditional school education and classroom-
teaching systems (such as unified teaching requirements and methods)
make it difficult to meet the diverse learning needs of individuals.

However, the results of this study also remind us to think again.
Collective teaching is not without advantages, and classrooms are also
necessary. We believe that although ubiquitous learning resources are
everywhere, the physical learning space is still irreplaceable. The process
of knowledge acquisition is bets when it is not a solitary endeavor. It can
be affected by many social factors; peer interactions and the quality of
peer relationships within physical learning spaces are closely related to
academic performance. Our view is supported by the report by the
United Nations Educational, Scientific, and Cultural Organization,
which states in 2015 that “learning should not be an individual matter,
but a social experience that requires learning with others and through
discussion and debate with peers and teachers” The classroom structure
provides an environment for students to promote and interact with their
peers as a collective, where they study together and gain a sense of
belonging and security. It provides stable personal support and assists
with learning, which is difficult to establish in an “Optional Class
System.” We know that in the “Optional Class System,” choosing courses
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according to interest and level can give more space to a group of students
with strong autonomy and good learning foundation, but for other
students, it might bring about confusion. This could lead to the strong
becoming stronger and the weak becoming weaker (Schofield, 2010;
Hamilton and O’Hara, 2011; Wilkinson et al., 2015; Smyth, 2016).

Based on this, we believe that schools and classrooms remain
valuable and should continue to exist. In the future, the construction of
schools and classrooms needs to be constantly improved, which will
be through a process that connects the past to the future.

4.4, Limitations of the study and implications
for future research

To the best of our knowledge, this is the first analysis that has
compared how well three important types of personal relationships
correlate with academic performance. Therefore, more research is
needed to confirm our conclusion that student-peer relationships are the
most important. Additionally, some limitations need to be noted.

First, this study only divided personal relationships into three types,
but did not continue to refine the indicators. According to existing
studies, student-parent, student-teacher, and student-peer relationships
are defined in various ways and classified by indicators (for example,
student-peer relationships are refined into peer acceptance and peer
rejection (Zhang et al., 2013)). Future studies can consider further
refining the three dimensions we used here.

Second, although we designed two studies to confirm our results,
the analyses were correlational; therefore, causal inferences cannot
be drawn. Little is known about how the student-peer relationships as a
variable affects academic performance and the underlying processes that
can explain these relationships. The same goes for our speculation that
cooperative learning is closely related to our conclusion. It is necessary
to carefully consider how learning style affects student relationships and
academic performance, and what variables should be controlled for
further research on this scientific issue.

Third, this study selected Grade 4 and Grade 8 students in Qingdao,
Shandong Province, China as representatives for the investigation. In
order to make the research results more representative, future research
should focus on students from more grade levels with more varied
demographic profiles. This might reveal a pattern of findings and
developmental characteristics not captured by the current study. Here,
we have discussed the correlation between personal relationships and
academic performance in math and science. In the next step, other
disciplines should be considered to enrich the existing research results.
Furthermore, the samples of this study were only from China, where
interpersonal relationships were of particular importance, and the
representativeness has certain limitations. Future studies could
be extended to more diverse samples to investigate the correlation
between interpersonal relationships and academic performance.

5. Conclusion

Through the investigation and analysis of a large data sample,
we have compared how well three important personal relationships
(student-parent, student-teacher, and student-peer) correlate with
academic performance. We found that the student-peer relationships
were most closely related to academic performance. The conclusion of
this study helps us to further understand the relationship between
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personal relationships and academic performance. At the same time, it
also reminds educators to pay attention to the personal relationships
among their students, especially the peer relationships. It also reminds
educators to create opportunities and environmental conditions for
exchange and learning, encourage discussion and cooperation, and
create a united classroom and campus atmosphere.
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Teachers’ audible teaching language is essential for organizing classroom
instruction. This study used a questionnaire to compare expert, skilled, and
novice high school mathematics teachers’ audible teaching language from the
perspective of student satisfaction. The sample was selected using a purposive
sampling technique, and the participants were students from a key high school
in Changsha, China. A research framework and research instrument with good
reliability and validity were constructed for this study. The data were analyzed
using SPSS 22.0 and AMOS 22.0. The results showed 263 valid questionnaires,
good measurement model fit, and high reliability and validity of the questionnaire.
It was found that: (1) students were highly satisfied with the audible teaching
language of high school mathematics teachers; (2) student satisfaction with the
audible teaching language of skilled, expert, and novice mathematics teachers
declined in order, but there was no significant difference overall; (3) students
were more satisfied with expert mathematics teachers than with novice teachers
in terms of the tone and adaptability of the audible teaching language. The
researchers discussed the study’s results, suggested how pre-service and post-
service mathematics teachers can improve the quality of their audible teaching
language, and pointed out the value and limitations of the study.

audible teaching language, mathematics teacher, language of instruction, student
satisfaction, comparative study, teaching tone, language speed

1. Introduction

As research in mathematics education continues to evolve, the mathematics classroom has
gradually become the focus of research. Focusing on the role and functions of mathematics
teachers in the classroom (Jiang et al., 2022), on what happens in the classroom (Lester, 2013),
and on the influence of the classroom environment on students’ interest in learning (Liu et al.,
2022) are all important for academic research. As an essential part of the mathematics classroom,
teachers play a significant role in imparting knowledge. The primary way teachers transmit
knowledge is through verbal expressions, including lectures, questions, and conversations, all
of which are forms of audible teaching language. An audible teaching language is a form of
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language that transmits knowledge through sound, with pauses,
soothing, and other intonations that provide information not easily
conveyed through text (Carr and Kemmis, 1986). It can help learners
to relate the information they hear to existing knowledge more quickly
(Gaver and Gaver, 1993). Students facilitate their knowledge
acquisition by listening to the teacher. Teachers can maximize the
purpose of questioning and facilitate students’ learning by using verbal
language to ask questions (Aziza, 2021). Productive classroom
discourse is also beneficial to improve students’ performance in the
classroom (Mok et al., 2022). In addition, one study found that
teachers’ audible teaching language could influence classroom climate,
and it indicated that a positive classroom climate could compensate
for the negative effects of gender and low socioeconomic status on
students’ performance in mathematics (Lopez et al., 2022). Therefore,
teachers’ classroom language is closely related to students’ learning
outcomes, and teachers should use engaging and expressive language
in the classroom (Ormond, 2021).

There have been several studies related to the audible teaching
language for mathematics teachers. Examples include research on
classroom dialog and classroom feedback. Effective classroom dialog
is essential for high-quality mathematics instruction (Hoynes et al.,
2019), and dialog clearly relies on teachers’ audible teaching language.
Some researchers have examined the characteristics of effective
classroom dialog from the perspective of Chinese mathematics
classrooms (Zhao et al., 2022). By examining classroom videotapes of
expert and novice teachers, they found that the proportion of
conversations about the basics was significantly lower, and the ratio of
conversations about guessing was considerably higher in expert
teachers’ classrooms compared to novice teachers. In addition,
feedback in the classroom was often achieved through audible
teaching language. One study investigated how 47 teachers provided
feedback in 172 mathematics lessons in Norwegian junior high
schools (Stovner and Klette, 2022). By analyzing the quality of
feedback, the amount of feedback, and whether the feedback targeted
students” procedural skills, conceptual understanding, or engagement
in mathematical practices, the researchers found that teachers spent a
significant amount of time providing specific feedback, most of which
was directed at procedural skills and less at conceptual feedback.
Although there are some studies related to instructional language,
these studies have not directly examined the audible teaching language
of high school mathematics teachers and have not focused on the
vocal qualities of instructional language.

In general, the language of instruction includes both spoken and
silent languages. Teacher-student communication in the classroom is
not only through spoken language. It is also very important for
teachers to understand the non-verbal information they send and
receive in the classroom (Miller, 2005). Among them, body language
as a silent teaching language has attracted much attention from
education researchers. Teachers’ body language, such as gestures, eyes,
and expressions, plays a vital role in teaching (Woolfolk and Galloway,
1985). This role is directly reflected in that teachers should learn to use
natural body movements when speaking in front of students because
inappropriate actions can weaken the transmission of knowledge.
Therefore, understanding and effectively using body language is also
a critical teaching skill (Hale et al., 2017), and many researchers have
explored teachers’ body language. For example, one study showed that
teachers” gestures not only impacted students’ learning but also on
teaching itself and that different gestures had different effects
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(Gaythwaite, 2005; Yang et al., 2020). In various situations, gestures
tend to be understood faster than using language, so gestures are
considered an integral part of cognition (DelLiema et al., 2021).

Teachers’ audible language is also important. It has its drawbacks
in terms of communication effectiveness (Miller, 2005) because it is
non-visible and non-written, and students cannot access the
information repeatedly as they can when reading a text. However,
teachers’ audible language of instruction is more fundamental than
body language, and the absence of audible teaching language generally
means no instruction. Audible teaching language is at least as crucial
as silent instructional language. Both language and the body play a
vital role in the foundation of higher-order thinking, with dynamic
gestures and speech making individually essential contributions to the
formation of mathematical arguments (Pier et al., 2019). The teacher’s
body language has to coordinate with the verbal language to convey
more visual information (Ngo et al., 2022). Therefore, it is also crucial
to study teachers’ audible language in mathematics classrooms.
Because students serve as the focus of classroom instruction, studying
the audible teaching language of high school mathematics teachers
from the perspective of student satisfaction is valuable for improving
mathematics learning satisfaction and teaching quality and will add
new knowledge to the field of mathematics teacher education.

Several studies have compared novice teachers with expert
teachers from different perspectives. One researcher compared the
planning, teaching, and post-lesson reflection of three novice teachers
with the three expert teachers they worked with and found that the
novices’ cognitive patterns and instructional reasoning skills were not
as well developed as the expert teachers (Borko and Livingston,
1989). Regarding the organization and content of mathematics
teachers’ subject matter knowledge, experts categorized problems
more finely and deeply, while novices had more horizontal,
independent categorization systems (Leinhardt and Smith, 1985). A
comparative study of the language of instruction of new and veteran
mathematics teachers, on the other hand, noted that novice teachers
used too much instructional language to teach knowledge, while
veteran teachers were good at using instructional language to guide
students’ thinking (Ve et al., 2015). These studies suggest that expert
teachers are more adept than novice teachers. Therefore, in this study,
we hypothesized that expert teachers were more competent than
novice teachers in using audible teaching language and that the
quality of teachers’ audible teaching language could be improved
through appropriate training. Learning how expert teachers use the
language helped novice and pre-service teachers improve their
language ability.

2. Overview of the literature

2.1. Audible teaching language and its
research

An audible language is a form of language that is communicated
through sound and can help learners connect the information they
hear with existing knowledge more quickly (Gaver and Gaver, 1993).
Pauses, soothing, and other intonations provide information that is
not easily conveyed through text (Carr and Kemmis, 1986). The
perception and production of sound are fundamental to human
cognition and behavior (Bautista and Roth, 2012). Further, the study
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of language use can provide insight into popular discussion topics
among mathematics teachers and mathematics educators.

Audible teaching language is one of the ways to express the
language of instruction. The language of instruction is logical, clear,
dominant, humorous, authoritative, and developmental. Based on
these characteristics, concise, logical language enhances students’
attention, leading to improved student performance (Cogan, 1958),
while teachers’ clarity, expressiveness, and delivery are significantly
correlated and influence students’ evaluations (Solomon et al.,
1964). The language of instruction is crucial to student development
(Wasik and Hindman, 2011). Some researchers have suggested that
a teacher’s speaking can help students improve their comprehension
(Franke et al., 2009). Teachers” audible teaching language is part of
classroom discourse, and there has been some research on
classroom discourse. The teacher’s audible teaching language makes
classroom dialog possible. Classroom discourse includes teacher
discourse, student discourse, silence, and discussion (Jiang et al.,
2018). In general, teachers’ discourse dominates classroom
conversations, is authoritative, contributes to the transmission of
knowledge in the classroom, and influences the structure of
authority (Scott, 1998; Ng et al., 2021) and classroom effectiveness
(Guo and Xia, 2021), and humorous language contributes to student
learning (Do et al., 2022).

Classroom discourse is a significant component of the classroom
and carries a great deal of helpful information that plays an essential
role in learning (Grifenhagen and Barnes, 2022). Properly managed
classroom discourse can allow students to develop their understanding
and help them benefit from the ideas of their peers and teachers
(Wang et al., 2014).

Classroom dialog can be divided into conversational and
questioning types. On the one hand, students learn not in isolation but
through dialog (Lee and Kinzie, 2012). Students’ engagement in
dialogic discourse, such as questioning and connecting ideas,
contributes to developing active, analytical, and personal thoughts
(Scott, 1998). On the other hand, teacher questioning is a distinctive
feature of classroom talk, and focusing on questioning practices helps
us better understand the role of teacher questioning in scaffolding
instruction. Chin (2007) explored how teachers used questions in
classroom discourse to support students’ thinking and help them
construct knowledge.

The audible teaching language is the teaching language carried
by sound. From the above analysis, teachers’ audible teaching
language is fundamental. Still, there are few achievements in
studying teachers’ audible teaching language behavior, and further
research is needed.

2.2. Comparison of expert and novice
mathematics teachers

It is common to distinguish between expert and novice teachers
regarding educational and teaching experience and theory
knowledge (Sternberg and Horvath, 1995). Cai et al. (2022) treated
mathematics teachers with more than 25years of teaching
experience as expert mathematics teachers. Some researchers
referred to teachers with an average of 22years of teaching
experience as expert teachers and those with an average of 3 years
of teaching experience as novice teachers (Zhao et al,, 2022). In
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China, because there are strict professional standards for evaluating
teacher titles, the titles can broadly reflect the professional
competence of teachers. In this study, teachers were classified
regarding their titles and years of teaching experience. Novice
teachers were junior teachers who had taught for less than 5 years.
Expert teachers were intermediate and advanced teachers who had
taught for over 10 years. Those who have been teaching for more
than 5 years and less than 10 years were classified as skilled teachers,
regardless of their job title.

There is a richer body of research comparing expert and novice
mathematics teachers. About a decade ago, a researcher explored the
attention to classroom events of 10 experts and 10 novice teachers in
China. This researcher noted that expert teachers focused more on
developing students’ mathematical thinking and higher-order
thinking, as well as the coherence of students mathematical
knowledge, than novice teachers (Huang and Li, 2012). Researchers
are still exploring the topic of teacher attention. One study highlighted
the cultural dependence on the development of expertise in teacher
attention by comparing empirical knowledge of the development of
teacher attention from the novice level to the expert level (Bastian
et al., 2022). Other researchers have explored more specific issues,
such as how secondary school teachers and students impose personal
structures on fractional expressions and equations, noting that expert
teachers construct a particular fractional expression in various ways
(Ruede, 2013).

More recently, some researchers have elaborated on how
classroom expertise affects visual perception and mental interpretation
by comparing expert and novice teachers’ knowledge levels and their
decisions to act on classroom events that help clarify differences in
teachers’ perceptions and representations of events (Wolff et al., 2021).
Other researchers examined how expert and novice (pre-service)
teachers completed mathematical modeling tasks, respectively, and
how they noticed the written work of student thinking completed in
response to mathematical modeling tasks. Almost all expert
mathematics teachers responded by asking questions, while about
one-third of pre-service mathematics teachers directly corrected
students’ errors, and another third pointed out errors but did not
correct them (Cai et al., 2022).

Overall, studies comparing expert and novice mathematics
teachers have been numerous and have covered a wide range of topics.
However, there have been few studies on the audible teaching language
of expert and novice mathematics teachers. The comparative studies
that have been conducted on mathematics teachers’ instructional
language are based on classroom video analyzes, and the instructional
language in these studies also includes, for example, body language
(Ye et al, 2015) and does not specifically examine audible teaching
language. Studying the differences in the audible teaching language of
expert and novice mathematics teachers from the perspective of
student satisfaction is theoretically and practically necessary.

2.3. Student satisfaction and its evaluation

Student satisfaction is the psychological feeling of satisfaction or
dissatisfaction students have when they compare their perceived
effectiveness with their desired effectiveness throughout instruction.
As addressed in this paper, student satisfaction refers to the extent to
which students feel satisfied with the mathematics teacher’s audible
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teaching language. Various factors influence student satisfaction, and
we need to distinguish among them to determine their impact on the
provision of quality education. Recognizing the specific factors
affecting student satisfaction will help us develop strategies to enhance
student’s learning experience and improve the education provided
(Cheng, 2016, pp. 33-45).

Student satisfaction is considered a rather important aspect of
educational strategy, and there is a direct, positive, and significant
relationship between the quality of education and student satisfaction
(Mestrovi¢, 2017). Specifically, student satisfaction effectively
influences learning ability (Panyajamorn et al,, 2018). Given the
influence of student satisfaction on the quality of education, student
satisfaction is considered an indicator when assessing instruction
content and the level of importance of mathematics subjects (Carlos
Ramirez-Cruz et al., 2018). Factors that influence student satisfaction
have been widely discussed, including students’ learning styles (Iim,
2021; Mahir et al., 2021), gender, students™ self-efficacy, teachers’
teaching methods and tools (Gudelj et al., 2021), and instructional
materials (Lee, 2014).

Students’ perception of the classroom learning environment
measures student satisfaction. Teacher professionalism affects
students’ attitudes toward mathematics lessons and perceptions of
classroom climate, ultimately affecting students’ academic
performance and overall satisfaction with the curriculum (Suh et al,,
2018). Teacher professional development should include improving
teachers’ language of instruction. Teachers’ classroom discourse can
reflect teachers” audible teaching language level to some extent, which
is an essential component of the classroom environment. The teacher’s
central role is to guide and sustain the conversation in the desired
direction related to the learning objectives and to reduce gaps in
students’ performance on the intended learning objectives (Kayima
and Mkimbili, 2021).

These studies point out that classroom discussion and dialog are
essential avenues of teacher-student interaction, and learning
satisfaction is directly influenced by learner interaction, perceived ease
of use, and academic performance (Nagy, 2018). How teachers initiate
and facilitate discussions when students respond essentially
determines classroom interactions (K(hoza and Msimanga, 2021).
Therefore, facilitating discussions in the mathematics classroom
effectively improves students’ thinking, reasoning, and problem-
solving skills to support their mathematics learning and improve their
learning ability and student satisfaction.

The above analysis revealed that student satisfaction is vital for
improving the quality of education and that teacher quality is a crucial
determinant of educational quality. Promoting teachers’ language
skills can help to create a positive classroom environment, promote
good student-teacher interaction, and increase student satisfaction.
Previous research has focused more on the content of the language of
instruction and less on the vocal characteristics of the teacher’s
language. This study helps to advance research in this area.

3. Purpose of study

To understand students satisfaction with current high school
mathematics teachers’ audible teaching language and to recognize the
difference between expert and novice teachers use of audible teaching
language, this study focused on answering the following questions:
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1. How satisfied are students with the audible teaching language
used by high school mathematics teachers in their classrooms?

2. What are the similarities and differences in the audible teaching
language used by expert, skilled, and novice high school
mathematics teachers in their classrooms?

4. Methods and materials
4.1. Framework and tools

Research frameworks and instruments on teachers” audible
teaching language are unavailable, but there are several scales for
evaluating instructional language. Teachers’ discourse actions
include engaging in reflective discourse, responding to prior
student discourse with neutral restatements, and exploring
students’ dominant ideas (Soysal and Yilmaz-Tuzun, 2021).
Bekiari et al. (2006) focused on the affective expression
dimension of teachers’ instructional language, examined students’
perceptions of teachers’ verbal aggression, and investigated
students’ perceptions of learning activities (doing homework)
and the fun nature of the school environment using a classroom
satisfaction scale. Smart and Marshall (2013) proposed a
structure for measuring instructional language that consisted of
questioning level, question complexity, questioning ecology,
patterns of engagement, and classroom interaction. The
questioning level examines whether the teacher’s classroom
language is asking questions to students at different levels, and
question complexity focuses on whether the questions are
focused on one correct answer. In a comparative study of
secondary school biology teachers’ audible teaching language,
researchers constructed a measurement framework that included
both form and content elements (Kong, 2018). The form element
includes volume, tone, and speech rate; the content element
includes imagery, interest, science, conciseness, illumination,
relevance, coherence, and education. The framework is the result
of the Delphi method, used by eight experts and researchers to
discuss the proposed indicators and the weighting and analysis
of the proposed indicators, combined with the validation factor
analysis after repeated revisions and discussions to form a
particular reference value. However, this framework has a
crossover between secondary indicators, such as correlation and
coherence. Therefore, it is necessary to redesign the survey
analysis framework to investigate better and analyze the audible
teaching language of high school mathematics teachers from the
perspective of student satisfaction. In the absence of instruments
to measure teachers” audible teaching language, the researchers
developed an instrument based on the work of Kong (2018).

This study first constructed a preliminary framework based
on the existing literature and the practical experiences of two
skilled high school mathematics teachers. Then the basic
framework (framework for analyzing high school mathematics
teachers’ satisfaction with the audible teaching language) was
determined using the Delphi method based on the preliminary
framework, as shown in Table 1.

In the framework, the audible teaching language of high
school mathematics teachers contains both Sound and Content
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attributes. The observed indicators of the Sound attribute are
Volume, Tone, Speed, and Quality. The observed indicators of the
Content attribute include Figurativeness, Interesting, Scientificity,
Conciseness, Inspiring, Feedback, Sincerity, and Adaptability. The
judgment criteria of each refined index are also listed in the table.
To observe the exogenous variables, each was measured by
several synonymous but differently formulated items. The average
value of the synonymous items was taken as the observed value
of the exogenous variable.

For example, in the case of Volume, “The teacher’s voice level
is appropriate” and “The teacher can adjust the voice level
appropriately to teach the lesson” are the same meaning, and
using the average of the scores of these two items as the
observation of Volume. The mean of these two items was used to
observe Volume to show the subjects’ thoughts more accurately.
The researchers developed a 35-item (t1-t35) five-point Likert
questionnaire based on the framework. The scores for each
option were recorded as 5, 4, 3, 2, and 1 in descending order of
satisfaction (approval).

This study was also a scale development study. Therefore,
exploratory factor analysis and confirmatory factor analysis were
used to explore the suitability of the data of the structure. The
McDonald’s omega coefficient was a substitute for Cronbach’s
alpha and could more accurately approach the scale’s reliability
(Peters, 2014). Therefore, McDonald’s omega coefficient was used
in this study.

TABLE 1 Framework for analyzing audible teaching language.

Attribute ‘ Indicators ‘ Standard ‘ Items
Sound Volume Appropriate loudness of sound. t1-t2
Tone Appropriate use of repetition, t3-t5
stress, and pauses.
Speed The speed of speech should t6-t8
be varied.
Quality Harmonious sound and a t9-t11
beautiful-sounding voice.
Content Figurativeness | Flexible use of similes and t12-t14
metaphors to teach.
Interesting The teaching is humorous and t15-t17
interesting.
Scientificity The teaching language is strict t18-t20
and standardized, with proper
use of terminology.
Conciseness Concise teaching without 21-t23
complicated language.
Inspiring Mobilize students’ thinking in all | t24-t26
aspects.
Feedback Provide timely feedback during 27-129
teaching activities.
Sincerity Sincere and authentic feelings in t30-t32
teaching.
Adaptability Adapt to the needs of students’ t33-t35

psychology.

Frontiers in Psychology

10.3389/fpsyg.2023.1108740

4.2. Participants

The participants were 316 students from a key middle school in
Changsha, Hunan Province, China. They came from three grades of
senior high school. First of all, according to the purpose of the study,
the researchers selected a novice, skilled, and expert mathematics
teacher (a total of 9 mathematics teachers) from the first, second, and
third grades of the senior high school and distributed questionnaires
to the students in their class. Because there are no novice mathematics
teachers in the third grade of senior high school, the researchers
replaced the novice mathematics teachers in the third grade of senior
high school with the novice mathematics teachers in the first year of
senior high school. Table 2 demonstrates the professional titles and
years of teaching experience of the teachers.

4.3. Procedure

This study was divided into five steps. In the first step, the
researchers proposed a preliminary research question based on
reflection on teaching practice, conducted a literature search and
expert consultation, and determined the starting point of this study.
In the second step, the researchers clearly proposed a research
question based on theoretical research and practical needs, developed
a research framework for the research question combined with
existing research results, and revised and justified the research
framework. In the third step, the researchers designed a questionnaire
based on the research framework and conducted expert validation of
the validity of the questionnaire. In the fourth step, the researchers
recruited the participants according to the research plan, administered
the questionnaire to the participants, collected the questionnaire, and
transcribed the data. In the fifth step, the researchers analyzed the
data, presented the results, and discussed and reflected on them
concerning the existing relevant literature, pointing out the limitations
of the study and research recommendations.

4.4. Data collection and analyzes

Data processing in this study included five processes: collection,
transcription, processing, description, and analysis. For data
collection, a questionnaire survey was adopted in this study. The
researchers recruited potential participants, issued paper
questionnaires, guided them to fill in the questionnaires as required,
and collected the questionnaires. For the data transcription, after
the quality of the paper questionnaires was preliminarily reviewed,
invalid questionnaires were eliminated (those with missing values
and those with all the same options were regarded as invalid
questionnaires), and the data of valid questionnaires were input into
EXCEL and SPSS 22.0. For data description, the researchers
conducted descriptive statistical analysis on the primary attributes
of all participants and presented preliminary descriptive statistical
results. For data analysis, the researchers used exploratory factor
analysis and confirmatory factor analysis to explore the suitability
of the data of the structure. First, SPSS 22.0 were used to test the
reliability and validity of the questionnaire. The researchers present
evidence of the model’s convergence and discriminant validity and

calculate and report the average variance extracted and composite
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TABLE 2 Mathematics teacher information.

Teacher ‘ Title ‘ Teaching years
Novice None 1
Novice Junior 2
Novice Junior 3
Skilled Intermediate 8
Skilled Intermediate 9
Skilled Intermediate 8
Expert Senior 21
Expert Senior 35
Expert Senior 37

reliability values (Fornell and Larcker, 1981). Then, AMOS 22.0 was
used for confirmatory factor analysis, and the fit of the measurement
model was discussed under the maximum likelihood method.
Based on the path coefficient significance test, the model was
modified and verified by referring to the ideal value of the structural
equation model. The final analysis model of high school
mathematics teachers’ satisfaction with audible teaching language
was obtained. Finally, the paper presented the descriptive statistical
results of high school students’ satisfaction with the audible
teaching language of the expert, skilled, and novice mathematics
teachers and conducted the difference test.

5. Results

A total of 316 questionnaires were distributed, 291 were
returned, and 263 valid questionnaires were obtained after
excluding the missing values and selecting all the same options,
with an effective rate of 90.4%. The following exploratory factor
analysis results are based on the first 131 of the 263 valid data, and
confirmatory factor analysis results are based on the last 132 of the
263 valid data.

5.1. Exploratory factor analysis

The researchers counted the scores of 12 exogenous variables
(observed variables), and the results showed that the alpha reliability
coeflicient of the scores of 12 exogenous variables was 0.949, and
overall, the reliability of this questionnaire was high. According to the
correlation matrix information in Table 3, all the correlation values in
the data are greater than 0.3, so the data satisfy the primary conditions
for factor analysis.

The validity of the 12 exogenous variables data shows that the
KMO value was 0.948, p=0.000<0.05, and Bartlett’s sphericity test
was significant. Combined with the standard that the characteristic
root is greater than 1, the explanation rate of the total variance, and
the gravel diagram, this study extracted two factors according to the
set research framework, see Table 4. The results show that the total
variance is 71.849%.

The factor load matrix after rotation is shown in Table 5. All
variables can be divided into the Sound element and the Content
element. The Sound elements include Volume, Tone, Speed, and
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Quality. The Content elements include Sincerity, Inspiring, Interesting,
Adaptability, Figurativeness and Feedback, Scientificity, and Conciseness.

In this study, the McDonald’s Omega coeflicient was used to
describe the reliability of the tool. If this value is higher than 0.8, it
means high reliability; if this value is between 0. 7and 0. 8, it is good;
if this value is between 0. 6 and 0. 7, it means reliability is acceptable;
if this value is less than 0. 6, it means that the reliability is not good.
Standardized results showed that the overall McDonald’s omega
coeflicient was 0.951, the McDonald’s omega coefficient of sound
dimension was 0.867, and the McDonalds omega coefficient of
content dimension was 0.938. These values were all greater than 0.8,
indicating that the research data have high reliability. In conclusion,
the 12 exogenous variables were well-suited for factor analysis, and the
validity of the questionnaire was high.

5.2. Confirmatory factor analysis

The validated factor analysis model was fitted using the maximum
likelihood method. There was no negative error variance, the factor
loading was between 0.5 and 0.95, and there was no large standard
error, indicating the good intrinsic quality of the model.

The results of the validated factor analysis are shown in Figure 1.
The Chi-square value of the prespecified model is 59.629, with a
significance probability value of 0.086 > 0.05, which does not reach the
significance level and accept the null hypothesis.

In terms of model fitness statistical tests, RMR =0.020<0.050,
CMIN/DF=1.296<2.000, AGFI=0.885 (very close to 0.9),
RMSEA =0.048<0.050, GFI=0.932>0.900, NFI=0.948>0.900,
RFI=0.925>0.900, IFI=0.988>0.900, TLI=0.982>0.900,
CFI=0.987>0.900, PRATIO=0.697>0.500, PNFI=0.660>0.500,
PCFI=0.688>0.500 that meet the criteria for the model to
be adaptable. The estimated parameters of the factor loadings all reach
a significant level (p <0.05). Therefore, the model has good fitness.

In this study, average variance extraction quantity and
combinatorial reliability were used to analyze the convergence validity
of the data. The average variance extracted (AVE) was more than 0.5,
and the combination reliability (CR) was more than 0.60, which
indicates that the results have high combination reliability and
convergence validity. The average variance extracted (AVE) and
combinatorial reliability (CR) of the latent variable Sound were
0.559>0.50 and 0.831>0.60, respectively. The average variance
extracted (AVE) and combinatorial reliability (CR) of the latent
variable Content were 0.597>0.50 and 0.921>0.60, respectively. It
showed that the measurement model in this study had high
combinatorial reliability and convergence validity.

In summary, the questionnaire designed in this study had good
reliability and validity. It could be used to investigate high school students’
satisfaction with mathematics teachers” audible teaching language.

5.3. Descriptive statistics of student
satisfaction

The statistics of students’ satisfaction with mathematics teachers’
audible teaching language are shown in Table 6. From the results, it
can be seen that students’ satisfaction (i.e., the sum of the percentages
of basically satisfied and very satisfied) with the use of mathematics
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TABLE 3 Correlation matrix for the observed variables.

10.3389/fpsyg.2023.1108740

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12
S1 1.000
S2 0.621 1.000
S3 0.527 0.637 1.000
S4 0.536 0.717 0.619 1.000
S5 0.452 0.605 0.639 0.734 1.000
S6 0.449 0.603 0.589 0.730 0.686 1.000
S7 0.491 0.539 0.570 0.586 0.493 0.510 1.000
S8 0.560 0.633 0.622 0.665 0.593 0.562 0.693 1.000
S9 0.477 0.610 0.663 0.671 0.675 0.737 0.641 0.702 1.000
S10 0.492 0.612 0.645 0.658 0.611 0.642 0.682 0.667 0.791 1.000
S11 0.378 0.509 0.545 0.601 0.580 0.669 0.598 0.541 0.697 0.593 1.000
S12 0.518 0.650 0.627 0.697 0.700 0.706 0.631 0.705 0.769 0.680 0.697 1.000

TABLE 4 Total variance explained.

Component Initial eigenvalues Extraction sums of squared loadings
Total % of variance Cumulative % Total % of variance Cumulative%

1 7.822 65.18 65.18 7.822 65.18 65.18

2 0.800 6.669 71.849 0.800 6.669 71.849

3 0.665 5.544 77.393

4 0.453 3.773 81.167

5 0.403 3.358 84.525

6 0.364 3.033 87.558

7 0.344 2.865 90.423

8 0311 2.595 93.018

9 0.264 2.204 95.222

10 0.224 1.867 97.089

11 0.193 1.604 98.693

12 0.157 1.307 100

Extraction method: principal component analysis.

teachers’ audible teaching language is high, reaching 95.44%.
Students’ satisfaction with the Content (95.06%) aspect of
mathematics teachers” audible teaching language was slightly higher
than that of Sound (93.54%).

As can be seen from Table 7, overall, students are the most satisfied
(98.67%) with the skilled teachers’ audible teaching language, followed by
the expert teachers (96.71%) and the novice teachers last (91.75%). The
satisfaction received by the skilled teachers is 1.96 percentage points
higher than the expert teachers, the satisfaction received by the expert
teachers is 4.96 percentage points higher than the novice teachers, and the
satisfaction received by the skilled teachers is 6.92 percentage points
higher than the novice teachers.

As can be seen from Table 8, in terms of Sound, students are the
most satisfied with the expert teacher’s audible teaching language
(95.61%), followed by the skilled teacher (93.33%) and the novice
teacher last (91.76%). In terms of Sound of audible teaching, expert
teachers receive 2.28 percentage points higher satisfaction than skilled
teachers, skilled teachers receive 1.57 percentage points higher
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satisfaction than novice teachers, and expert teachers receive 3.85
percentage points higher satisfaction than novice teachers.

Table 9 shows that in terms of Content, students’ satisfaction with
audible teaching language is the highest among skilled teachers
(97.33%), followed by expert teachers (96.71%) and novice teachers
(90.72%).

In terms of the Content of audible teaching, the satisfaction of
experienced teachers is 0.62 percentage points higher than that of expert
teachers, 5.99 percentage points higher than that of novice teachers, and
6.61 percentage points higher than that of skilled teachers.

5.4. Test of variance of student satisfaction

First, the differences in the audible teaching language of expert,
skilled, and novice high school mathematics teachers were analyzed
with the Kruskal-Wallis test. As can be seen from the summary of
hypothesis testing in Table 10 (Shows asymptotic significance with a
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TABLE 5 Rotated component matrix.?

Exogenous variable

Component

Sincerity 0.833
Inspiring 0.814
Interesting 0.812
Adaptability 0.763
Figurativeness 0.726
Feedback 0.690
Scientificity 0.558
Conciseness 0.540
Volume 0.887
Tone 0.726
Speed 0.577
Quality 0.527

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser
normalization. ‘Rotation converged in 3 iterations.

significance level of 0.05), it is found that p <0.05 in terms of Tone and
Adaptability of the audible teaching language and reject the original
hypothesis. It can be concluded that the differences in Tone and
Adaptability of expert, skilled, and novice high school mathematics
teachers are statistically significant.

Table 11 reflects the situation of the rank of Tone and Adaptability in
the audible teaching language. In terms of Tone, the rank means of novice,
skilled, and expert mathematics teachers are increasing in order
(118.84<130.29<147.43). Thus, students’ satisfaction with the Tone of the
audible teaching language of novice, skilled, and expert high school
mathematics teachers increased sequentially. Regarding Adaptability, the
rank means of novice, skilled, and expert mathematics teachers increase
in descending order (115.80<135.53<146.53). So students’ satisfaction
with the Adaptability of novice, skilled, and expert high school
mathematics teachers audible teaching language increased in
descending order.

Table 12 gives the results of the pairwise comparison of the rank
means of expert, skilled, and novice high school mathematics teachers
in terms of Tone.

From the results, it is clear that the rank mean of novice teachers
minus the rank mean of expert teachers is—28.594 and the difference
after the test is statistically significant (p<0.05), indicating that
students are more satisfied with expert teachers than with novice
teachers in terms of Tone.

In terms of Adaptability, Table 13 gives the results of the pairwise
comparison of the rank means of expert, skilled, and novice high
school mathematics teachers. It is clear that the rank mean of novice
teachers minus the rank mean of expert teachers is-30.548, and the
difference after the test is statistically significant (p <0.05), indicating
that in terms of Adaptability, students are more satisfied with expert
teachers than with novice teachers.

6. Discussion and enlightenment

This study explored students’ satisfaction with the audible
teaching language of high school mathematics teachers in the
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classroom. According to the research results, students were very
satisfied with the audible teaching language of high school
mathematics teachers. As the school of the participants is one of the
best in the province and the professional quality of the teachers is very
high, such results are expected. Overall, the students had the highest
satisfaction with the skilled teachers’ audible teaching language,
followed by expert and novice teachers. Some research results show
that novice and skilled math teachers have no significant differences
in their understanding of problem solving and teaching as a whole but
significant differences in individual aspects (Jiang et al., 2022). This
study showed that the above characteristics of novice and non-novice
teachers also existed in the audible teaching language of mathematics
teachers. Although students’ satisfaction with expert, skilled, and
novice math teachers decreased successively in terms of the Sound of
audible teaching language, and students’ satisfaction with skilled,
expert, and novice math teachers also decreased successively in terms
of the Content of audible teaching language. There was no significant
difference in the overall satisfaction obtained by expert, skilled, and
novice high school math teachers, there were only differences in
individual observed variables. For example, in terms of Tone and
Adaptability, students were significantly more satisfied with the
audible teaching language of expert math teachers than novice
math teachers.

Skilled teachers received higher satisfaction than expert teachers,
and expert teachers received higher satisfaction than novice teachers. It
is easy to understand why expert teachers outperformed novice teachers
in audible teaching language, but why did skilled teachers outperform
expert teachers? It may be related to the evaluation and promotion of
teachers, as skilled teachers face a critical period of promotion and are
under pressure from family and career, so they will try to do their best in
all aspects. It also verifies the research hypothesis that proper training can
improve the quality of teachers audio teaching language. Expert teachers,
on the other hand, are under relatively less pressure. However, research
findings have shown that the curriculum reform process has produced
many regressive expert teachers who combine some typical novice
elements and some typical expert elements in their professional practice
(Liberman et al., 2012). It suggests that the motivation of expert teachers
is necessary and that educational administrators should create
opportunities for them to continue learning.

There was no significant difference between the expert and skilled
teachers on each of the observed variables, nor was there a significant
difference between skilled and novice teachers on each of the observed
variables. In terms of Tone, there was a significant difference between
expert and novice mathematics teachers, with expert teachers
outperforming novice teachers. It is a significant result showing that
novice mathematics teachers can improve the quality of the audible
teaching language by improving the Tone of the audible teaching
language in their teaching. In terms of Adaptability, expert
mathematics teachers are more aware of students’ needs and are able
to use appropriate audible teaching language in their teaching. It may
be because expert mathematics teachers are more student-centered
and not overly focused on themselves. As noted, expert teachers
always respond to students by asking questions, but novice teachers
point out students’ errors directly (Cai et al., 2022).

Teacher professional development is a complex, long-term
process (Jin et al., 2021). Mature teachers have their own distinctive
audible language styles, and these styles are not incompatible with
each other, nor are they superior or inferior. In light of the above
analysis, novice mathematics teachers (or pre-service mathematics
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The adaptation result of the measurement model.

TABLE 6 Statistics of students’ total satisfaction (N=263).

Satisfaction Total Sound Content
Percentage Percentage Percentage
Very satisfied (4,5) 171 65.02% 165 62.74% 172 65.40%
Satisfied (3,4) 80 30.42% 81 30.80% 78 29.66%
Unsatisfied (1,3) 12 4.56% 17 6.46% 13 4.94%

TABLE 7 Students’ satisfaction with expert, skilled, and novice teachers (N=263).

Satisfaction Expert Skilled Novice
Percentage Percentage Percentage
Very satisfied (4,5) 67 73.63% 47 62.67% 57 58.76%
Satisfied (3,4) 21 23.08% 27 36.00% 32 32.99%
Unsatisfied (1,3) 3 3.30% 1 1.33% 8 8.25%
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TABLE 8 Satisfaction with expert, skilled, and novice teachers in terms of Sound (N=263).

Satisfaction Expert Skilled Novice
Percentage Percentage Percentage
Very satisfied (4,5) 65 71.43% 4 56.00% 60 61.86%
Satisfied (3,4) 22 24.18% 28 37.33% 29 29.90%
Unsatisfied (1,3) 4 4.40% 5 6.67% 8 8.25%

TABLE 9 Satisfaction with expert, skilled, and novice teachers in terms of Content (N=263).

Satisfaction Expert Skilled Novice
Percentage Percentage Percentage
Very satisfied (4,5) 67 73.63% 45 60.00% 57 58.76%
Satisfied (3,4) 21 23.08% 28 37.33% 31 31.96%
Unsatisfied (1,3) 3 3.30% 2 2.67% 9 9.28%

TABLE 10 Kruskal-Wallis test for independent samples (expert, skilled, and novice teachers).

Original hypothesis Sig. Decision
The distribution of volume is the same 0.345 Retain the original hypothesis
The distribution of tone is the same 0.027 Reject the original hypothesis
The distribution of speed is the same 0.348 Retain the original hypothesis
The distribution of quality is the same 0.368 Retain the original hypothesis
The distribution of sound is the same 0.132 Retain the original hypothesis
The distribution of figurativeness is the same 0.173 Retain the original hypothesis
The distribution of interesting is the same 0.062 Retain the original hypothesis
The distribution of scientificity is the same 0.090 Retain the original hypothesis
The distribution of conciseness is the same 0.127 Retain the original hypothesis
The distribution of inspiring is the same in 0.472 Retain the original hypothesis
The distribution of feedback is the same in 0.078 Retain the original hypothesis
The distribution of sincerity is the same in 0.076 Retain the original hypothesis
The distribution of adaptability is the same 0.013 Reject the original hypothesis
The distribution of content is the same 0.137 Retain the original hypothesis
The distribution of total is the same 0.157 Retain the original hypothesis
TABLE 11 The rank of Tone and Adaptability. TABLE 12 Paired comparison results (Tone).
Group N Mean rank Sample Test Std. Std. test  Sig.
1-Sample 2 statistic error  statistic
Tone 1 97 118.84
0-1 —11.453 11.278 —1.016 0.310 0.930
2 75 130.29
-2 —28. 10.704 =2. . .02
3 o1 147.43 0 28.594 0.70 2.671 0.008 0.023
Adaptability 1 97 115.80 1-2 —17.141 11.439 —1.498 0.134 0.402
B 75 135.53 Each row tests the original hypothesis: sample 1 and sample 2 are equally distributed. Show
| asymptotic significance (2-sided test), and the significance level is 0.05.
3 91 146.35

teachers) should be trained to focus on the Tone and Adaptability of ~ teachers) are genuinely concerned with the needs of their students,
their audible teaching language. Pre-service teacher training  are student-centered, and teach by learning.

programs should pay appropriate attention to the vocal aspects of This study expands the knowledge in the field of teacher
instructional language. Teacher educators should provide training  education and illustrates some characteristics of the audible
courses on the Tone and Adaptability of the audible teaching language ~ teaching language of expert, skilled, and novice high school
so those novice mathematics teachers (or pre-service mathematics ~ mathematics teachers. The study is also of great practical value,
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TABLE 13 Paired comparison results (Adaptability).

Samplel- Test Std.  Std. test
Sample2 statistic = error  statistic
0-1 —19.729 11.083 ~1.780 0075 = 0.225
0-2 —30.548 10519 —2.904 0.004 | 0.011
1-2 ~10.818 11.241 —0.962 0336 1.000

Each row tests the original hypothesis: sample 1 and sample 2 are equally distributed. Show
asymptotic significance (2-sided test), and the significance level is 0.05.

pointing out how differences should be overcome to improve the
quality of the audible teaching language. However, the fact that
the selected participants were from a top provincial high school,
though exemplary, limits the generalization of the findings.
Future studies should select a less affluent sample because the
participants for this study were affluent students who attended a
wealthy school.
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Students’ use of textbooks is the key link of students engaged and learned
curriculum and has received much attention recently. However, existing studies
were mainly case studies or small-scale investigations and few addressed the
context of China. Hence, this study provided a general overview of mathematics
textbook use by Chinese secondary students through a large-scale investigation.
Using a mixed-method approach, we collected the quantitative data from 2,145
students in eight provinces through a questionnaire survey and the qualitative
data from 20 students and 8 teachers by the interviews. The results revealed
that (1) Chinese students relied heavily on mathematics textbooks and pointedly
used a portion of components in textbooks, mainly kernels, examples, and
exercises; (2) Chinese students used mathematics textbooks for various but
typical reasons, particularly to understand basic knowledge and skills, and showed
self-regulation and teacher-mediation behind their use; and (3) Chinese students
had a positive view about textbook use in mathematics learning, especially in
developing mathematical knowledge, skills, and abilities. Furthermore, there were
significant differences in mathematics textbook use among different students
in terms of school regions, grade levels, and teachers’ demographic variables.
Finally, explanations and implications of the results were discussed.

textbook use, mathematics textbooks, mathematics learning, curriculum resources,
secondary school students, Chinese mathematics education

1. Introduction

As the main vehicles of curriculum content and the key resources for teaching and
learning, textbooks have always been a hot topic in educational research. In recent decades,
various issues related to mathematics textbooks have been researched and discussed,
including their composition, use, and history (Schubring and Fan, 2018). Among the issues,
research on mathematics textbook use has received increasing attention and become an
important part of topic study groups of the 13th (Fan et al, 2018) and 14th International
Congress on Mathematical Education and one of the hot topics of the 2nd (Schubring et al,,
2018), 3rd (Rezat et al., 2019) and 4th International Conference on Mathematics Textbook
Research and Development.

As educational researchers have increasingly recognized the important role that
textbooks play in mathematics teaching and learning, how mathematics textbooks are
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incorporated into teaching and learning has been explored. With
regard to teachers’ use of mathematics textbooks, numerous studies
have been conducted from various perspectives, including but not
limited to offering a framework for characterizing and studying
teachers’ interactions with curriculum materials (Remillard, 2005),
examining how teachers used their curriculum resources to teach
new mathematics standards (Polly, 2017), and so on (Nicol and
Crespo, 2006; Grave and Pepin, 2015; Olsher and Cooper, 2021).
On the contrary, studies on students” use of mathematics textbooks
have not been paid adequate attention, with the results being
largely discrete and non-inclusive (Wang and Fan, 2021, p. 2).
Meanwhile, it is clear that most of previous studies were carried
out in the broad international context but in a small scale (Fan
etal, 2013; Rezat, 2013) and little research focused Chinese context.
Moreover, researchers have discussed some factors that influence
students’ textbook use, but there is a lack of comprehensive research
regarding the demographic and contextual factors influencing
students’ use of mathematics textbooks.

In this study, we attempt to provide an overview of Chinese
secondary students’ use and perceptions of mathematics textbooks
and its factors through a large-scale investigation. We believe
that focusing on Chinese students’ use of mathematics textbooks
can make a distinctive and important contribution to research
on students’ use of textbooks. First, China is the most populous
developing country with a large number of students in junior
high schools (Ministry of Education of the People’s Republic of
China, 2022b) in the world. Second, the tradition of Chinese
culture, especially Confucian culture, has played an important role
in modern mathematics education. Third, the impacts of textbook
use on students’ mathematics learning might, to some extent,
offer an explanation for the well-known fact that Chinese students
have outperformed their western counterparts in the international
comparative studies of mathematics achievements such as the
Trends in International Mathematics and Science Study and the
Program for International Student Assessment (Lin et al, 2018).
Thus, this study proposed the following questions:

(1) What is the current status of Chinese students’ use of
mathematics textbooks?

(2) Are there differences among Chinese students in terms of
school regions, student genders, grade levels, and teachers’
demographic variables in mathematics textbook use?

2. Literature review

2.1. Students’ use of mathematics
textbooks

Students’ use of mathematics textbooks is common, but the
possible relationship between students and mathematics textbooks
is complex and dynamic. According to existing research, text-
reading theory, reader-oriented theory, and activity theory have
generally been used to analyze students’ use of mathematics
textbooks. Based on text-reading theory, the “use” is understood
as reading, a transaction between mathematics textbooks (written
curriculum) and students (Berger, 2019). In reader-oriented theory,
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the student is viewed as actively constructing meaning from
mathematics textbooks through the reading process, which is
shaped and constrained by the intentions of the author, the beliefs
of the reader, and the qualities the text requires the reader to
possess (Weinberg and Wiesner, 2011). From the perspective of
activity system, students” textbook use refers to the activities that
are primarily associated with textbooks in students’ mathematics
learning, such as reading and practicing (Rezat and Strafler, 2013;
Wang and Fan, 2021). To capture current situation of Chinese
students’ use of mathematics textbooks, this study employed the
definition of students’ textbook use based on activity theory.
Activity theory is a descriptive psychological theory that studies
and explains the emergence and development of human psychology
with activity as its logical starting point and central category.
Activity theory has its roots in the classical philosophy of Kant
and Hegel, the contemporary philosophy of Marx and Engels, and
the cultural-historial psychology of Vygotsky, Leontev, and Luria
(Jonassen and Rohrer-Murphy, 1999). As a powerful psychological
framework rather than a methodology, the six elements in activity
theory: subject, artifact, object, community, rules, and division of
labor directed this study. Specifically, we focused on how students
interact with mathematics textbooks in social contexts by situating
students, textbooks, and mathematics into the subject-artifacts-
object triangle (Vygotsky, 1978). Meanwhile, we considered the
influence of the region (social contexts), students’ gender and
grade level (subject), and teachers’ variables (community, rules, and
division of labor) on students’ use of mathematics textbooks.

As mentioned earlier, several studies have been conducted
from different facets to investigate how students used mathematics
textbooks. Fan et al. (2004) focused on the following aspects of
students’ textbook use, including (1) the frequency and timing of
textbook use, (2) how students used different textual parts, (3)
to what extent students thought that textbook use was important
for learning mathematics, and (4) whether and why students
changed their ways of textbook use compared to the last semester.
They found that textbooks were students’ main learning resources
for both in-class exercises and homework. Besides, Rezat’s series
of studies dealt with students’ use of mathematics textbooks at
school level. Rezat (2011) presented five self-regulated learning
activities that involved textbooks in learning mathematics: (1)
task and problem solving, (2) practice, (3) acquisition of new
knowledge, (4) interest-driven activities, and (5) meta-cognitive
learning activities. Meanwhile, he (2013) also conducted a study
on how 74 students in two German secondary schools used their
mathematics textbooks for practice. In Weinberg et al.’s 2012 study,
students in introductory mathematics courses were surveyed to
answer which parts of the texts they used, and when and why they
used textbooks. Moreover, Thomas (2013) examined how students
in two classrooms taught by the same teacher used print and digital
formats of the Algebra 1 textbook. The results indicated that most
students used a small portion of the resources and features in the
textbook, tended to view the textbook primarily as a source for
homework, and rarely bothered to develop examples and texts
in class. From a comparative perspective, Wang and Fan (2021)
proposed seven indicators to investigate the use of mathematics
textbooks by students in Shanghai and England, including the
frequency, duration, timing, purpose, and motivation of textbook
use, access to textbooks, and the influence of textbook use on
mathematics learning.
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In summary, most studies focused on how students used
mathematics textbooks in English-speaking countries and few
addressed the context of China. Moreover, existing studies were
mainly case studies or small-scale investigations. Meanwhile,
various indicators related to the word “use” were proposed to
embody students’ use of mathematics textbooks. Against this
background, this study aims to conduct a large-scale investigation
of Chinese secondary students’ use and perceptions of mathematics
textbooks. According to Jonassen and Rohrer-Murphy’s (1999)
process for applying activity theory, we focused on when and why
activities occur, what are used to perform activities, and what
are the outcomes of activities. And based on previous studies,
we established a conceptual framework (Table 1) consisted of
four subdimensions with seven indicators to capture how Chinese
students use mathematics textbooks.

The first four indicators are proposed to understand to what
extent students rely on mathematics textbooks in their learning.
Two of the indicators are the days of textbook use in a week and
the duration of textbook use in a day. Meanwhile, the frequency
of textbook use at different timing refers to the frequency of
students’ textbook use before, in, and after class and before the
examination. The frequency of using different components refers to
the frequency of using “introductions,” “exploratory tasks,” “kernels
tips,”
mathematics activities,”

» <« » «
>

worked examples,

» <«

summaries,

(definitions, theorems, and formulas)
“exercises and problems,”
and “reading materials” which were divided based on textbook
editors” suggestions.

Furthermore, this study defines the purpose of textbook use
as specific learning activities related to mathematics textbooks,
which include “preview,” “revision,” “doing homework,” “doing

» o« »

extra exercises, “in-class learning and exercises,” “looking up
examples, answers, and references,” and “looking up definitions,
theorems, and formulas” (Weinberg et al, 2012; Rezat, 2013;
Wang and Fan, 2021). Moreover, the indicator “motivation”
is proposed to understand the reasons behind textbook use,
which was drawn upon Amabile et al’s (1994) scale, Ryan and
Deci’s (2000) definition and structure, and Wang and Fan’s
(2021) construct. The motivation consists of intrinsic motivation
(enjoyment and challenge) and extrinsic motivation, which is
composed of two aspects: external regulation (teacher-mediation
and parent-supervision) and self-regulation (students’ recognition

» <

of the impacts of textbook use on “grades,” “knowledge, skills, and

TABLE 1 Subdimensions and indicators of current situation of
students’ textbook use.

Length of time of textbook use The days of textbook use in a week
The duration of textbook use in a day

Frequency of textbook use The frequency of textbook use at different

timing
The frequency of using different
components
Reasons of textbook use The purposes of textbook use
The motivation of textbook use

Perceptions of textbook use The recognition of the impacts of textbook

use on students’ mathematics learning
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abilities,” and “thinking methods, activity experience, and emotions
and values”).

In addition, students’ perceptions of textbook use are
adopted to understand to what extent students recognize the
impacts of textbook use on mathematics learning. Previous
research has explored the effects of curriculum resources as
instruments on students’ achievement (Van den Ham and Heinze,
2018; Sievert et al, 2021), conceptual understanding (Rezat,
2021), beliefs (Moyer et al, 2018; Kersey, 2019), identities
(Macintyre and Hamilton, 2010), and levels of participation
(Ewing, 2006). Also based on the aims of Mathematics Curriculum
Standards for Compulsory Education (Ministry of Education
of the Peoples Republic of China, 2011, 2022a), this study
reflects the influence of textbook use on mathematics learning
in whether textbook use helps students improve mathematics
grades, master mathematics knowledge, enhance mathematical
skills, develop mathematical abilities, understand mathematical
thinking methods, gain mathematical activity experience, and
shape mathematical emotions and values.

2.2. Factors on students’ use of
mathematics textbooks

Students’ use of mathematics textbooks is a learning activity
which is influenced by both internal and external factors of
activity. Internal factors of activity consists of student factors and
textbook factors. For student factors, Fan et al. (2004) found
the majority of students (78%) have changed their ways of
textbook use from the first year to the second year in junior
high schools. One of the main reasons for the change was
that students realized mathematics more important for them.
Students’ grade levels and beliefs of mathematics become important
factors which influence students’ use of mathematics textbooks.
Regarding textbook factors, students’ use of mathematics textbooks
is influenced by content, structure and formats of textbooks
(Juki¢ Mati¢ and Glasnovi¢ Gracin, 2016). Osterholm (2006)
recruited 61 secondary and 34 university students to compare
their reading comprehension of one historical text and two
mathematical texts, both of which presented basic concepts of
group theory, but one did it using mathematical symbols, whereas
the other only used natural language. The vertical comparison of
the students’ prior knowledge with their results in the reading
test revealed a similarity in reading comprehension between the
mathematical text without symbols and the historical text as well
as a difference between the two mathematical texts. Similarly,
Rezat’s (2013) study showed how textbook users were influenced
by the way mathematics was presented in the textbooks. Besides,
Thomas (2013) identified there were differences between digital
and print textbook use by students in two classrooms taught by the
same teacher.

Among external factors of activity, country or region factors
and teacher factors are the important factors behind students’
use of mathematics textbooks. In their comparative study, Wang
and Fan (2021) found that there were significant differences
between Shanghai and England regarding the role that textbooks
played as curriculum resources in students’ mathematics learning.
Meanwhile, Fan et al. (2004) found there were significant
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differences in students’ use of mathematics textbooks, especially
the frequency of using different components, between two regions
in China. Furthermore, teachers mediated intervention plays
an important role in students’ use of mathematics textbooks
(Griesel and Postel, 1983; Rezat, 2006, 2009). Although many
instructors might not clearly tell their students how to use the
textbook, students reported that they used it more productively
when they believed they had been asked to do so (Weinberg
et al,, 2012). Teachers as the mediators decided which textbooks
to use; when and where the textbook was to be used; which
sections of the textbook to use; the sequencing of topics
in the textbook; the ways in which students engaged with
the text; the level and type of teacher intervention between
students and textbooks; and so on (Pepin and Haggarty, 2001).

TABLE 2 The profiles of students surveyed.

10.3389/fpsyg.2023.1132184

Rezat (2012) summarized the conceptualization of six different
ways teachers mediate textbook use in matrix and stated that
all three dimensions are intertwined in a concrete mediation of
textbook use.

Summarily, students’ use of mathematics textbooks is
affected by various factors, including students’ grade levels, text
formats, school regions, and teachers. However, little research
has taken the influence of teachers' demographic variables
(teachers’ gender, education level, title, teaching experience,
and experience in teaching with textbooks) on students’ use of
mathematics textbooks into consideration. Hence, this study
intends to present a systematic investigation of the factors
that influence Chinese secondary students’ textbook use in
learning mathematics.

Variables Categories N Percentage
Region East 728 33.94%
Middle 653 30.44%
West 764 35.62%
Gender Male 1106 51.56%
Female 1039 48.44%
Grade level 7th grade 747 34.83%
8th grade 902 42.05%
9th grade 496 23.12%
Students taught by different teacher groups Gender Male 285 13.29%
Female 1860 86.71%
Education level Bachelor’s degrees or lower 1468 68.44%
Master’s degrees or higher 677 31.56%
Title Primary 1169 54.50%
Middle 390 18.18%
Senior 586 27.32%
Teaching experience <5 years 1230 57.34%
6-15 years 143 6.67%
>15 years 772 35.99%
Experience in <5 years 1230 57.34%
textbook teaching
>5 years 915 42.66%
TABLE 3 Basic information of teachers interviewed.
Gender Level of education | Title Experience of Experience of teaching with
teaching textbooks
T1 Male Bachelor Primary <5 years <5 years
T2 Female Master Primary <5 years <5 years
T3 Female Bachelor Primary <5 years <5 years
T4 Female Master Middle 6-15 years >5 years
T5 Male Master Middle 6-15 years >5 years
T6 Male Master Senior >15 years >5 years
T7 Male Bachelor Senior >15 years >5 years
T8 Female Bachelor Senior >15 years >5 years
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3.1. Instruments

In this study, mixed methods were used to collect data
on students’ textbook use in learning mathematics through a
questionnaire survey and the interviews with students and teachers.

3.1.1. Questionnaire

The questionnaire, designed on the basis of the conceptual
framework, consisted of five parts with 27 questions. The first part
related to students’ demographic information, including region,
gender and grade level. The second part was about the days
of textbook use in a week and the duration of textbook use
in a day. The options for two questions were intervals. The
third part contained 13 questions, four of which referred to
the frequency of textbook use before, in, and after class and
before the examination and another nine of which referred

» o«

to the frequency of using “introductions,” “exploratory tasks,”

“kernels,” “worked examples,” “exercises and problems,” “tips,

» o«

“summaries,” “mathematics activities,” and “reading materials.”
A five-point Likert scale was used to capture students’ options
(e.g., never, seldom, sometimes, often, always). In the fourth
part, two questions focused on the reasons for textbook use: one
related to specific activities students engaged in when learning
mathematics with textbooks and the other involved possible
motivations behind textbook use. Students were asked to select
all options that applied to their purposes and motivation of
textbook use. Finally, the remaining seven questions addressed
the impacts of textbook use on improving mathematics grades,
mastering mathematics knowledge, improving mathematical skills,
developing mathematical abilities, understanding mathematical
thinking methods, gaining mathematical activity experience, and
shaping mathematical emotions and values. A five-point Likert
scale was employed to gather students’ recognition of the impacts
of textbook use on their mathematics learning (e.g., not helpful,
not very helpful, slightly helpful, helpful, very helpful). After
the questionnaire was drafted, a panel of mathematics education
researchers was invited to review it and they were highly positive
about the instrument, indicating reasonable validity. Meanwhile,
the reliability test of the questionnaire determined using Cronbach’s
alpha yielded a value of 0.950, indicating high reliability.

3.1.2. Interview outline

Furthermore, we conducted interviews with students and
teachers to complement the questionnaire data and gather more
in-depth details about how students use mathematics textbooks.
The outline of student interview was in line with the four
subdimensions of the questionnaire. The first part included two
questions: (1) How frequently and when do you use textbooks in
your mathematics learning? What other curriculum resources do
you use to learn mathematics? (2) Do you think that textbook
use is helpful in learning mathematics? And why? The second
part consisted of two different situations: in class and out of class
(mainly at home), but with the same three questions: (1) Do you
use the textbook at the request of teachers/parents or on your
own initiative? (2) Which parts of the textbook do you use? (3)
For what purposes do you use the text components? According
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to (
( ) conceptualization, the protocol of teacher interview was

) questions and

developed with three questions: (1) How do you usually prepare a
mathematics lesson? (2) What proportion of your teaching content
in class comes from mathematics textbooks? And why are the
contents in textbooks added, deleted and adjusted? (3) Whether
you ask students to use textbooks inside and outside mathematics
classrooms? Which parts and why are students asked to use?

3.2. Data collection and analysis

3.2.1. Data collection

After obtaining ethical approval to conduct the research,
students who participated in the questionnaire were selected
through multi-stage sampling. In the first stage, according to
stratified sampling, three provinces were separately selected from
eleven provinces in the east and twelve provinces in the west, and
two provinces were selected from eight provinces in the midlands.
Secondly, one city from each sampled province was selected by
cluster sampling. In the third phase, one school was randomly
selected in each city. Finally, at least one class of each grade
level was selected in sampled schools. At the same time, we also
collected the basic information of mathematics teachers who taught
the sampled students. We distributed 2,300 questionnaires to all
participating students and obtained 2,145 valid questionnaires,
which was a response rate of 93.3%. shows the profiles of
the participating students.

For an in-depth understanding of the quantitative data, we
randomly selected 20 students not involved in the questionnaire
to conduct focus group interviews online and selected 8
their mathematics teachers by purposive sampling to conduct
individual interviews on line or by phone calls. The interviewed
students and teachers covered different comparison groups to
ensure representativeness. Specifically, shows the basic
information of teachers interviewed and among the 20 students,
8 were males and 12 were females; 7 were from the east, 7 were
from the midlands, and 6 were from the west; 8 were from the 7th
grade, 9 were from the 8th grade, and 3 were from the 9th grade.
During the whole process of survey and interviews, we keep the
data strictly confidential and anonymous to fully protect the privacy
of all participating students and teachers.

3.2.2. Data analysis

The questionnaire data were analyzed by descriptive and
inferential statistics, and presented numerically and graphically.
We first calculated the percentage or mean and standard deviation
for each item in the questionnaire. To explore factors influencing
students’ use of mathematics textbooks, we distinguished several
comparison groups of students in terms of school regions, student
genders, grade levels, and teachers’ demographic variables. Then,
we conducted T-tests, One-way analysis of variance (ANOVA),
or Chi-square tests on each item to examine whether there were
statistically significant differences in textbook use among students
of different groups.

For the qualitative data from the interviews, we first coded
the interviewed students as S1 to S20 and interviewed teachers
as T1 to T8 to protect their privacy. Then, two researchers
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conducted independent transformation and interpretation of
interview transcripts by identifying different indicators of textbook
use to obtain more information about students’ textbook use.

4. Results

4.1. Current situation of students’
textbook use

4.1.1. Students’ length of time of mathematics
textbook use

Figure 1 shows the days students used mathematics textbooks
in a week and the duration students used mathematics textbooks in
a day. Nearly half (48.9%) of students used textbooks at least 5 days
per week, 40% used textbooks 1-4 days per week, and a minority
(11.1%) didn’t use textbooks. Meanwhile, the majority (63.5%) of
students used textbooks more than 15 min per day and 25.4% used
textbooks within 15 min per day. During the interviews, 14 students
reported that they used textbooks more than 5 days per week and
another 6 students used textbooks 1-4 days per week. Meanwhile,
3 students reported that they used textbooks more than 30 min
per day, 9 students used textbooks 16-30 min per day, and the
remaining used textbooks less than 15 min. The results revealed
that Chinese students used mathematics textbooks for many days
per week and longtime per day, indicating that they relied heavily
on mathematics textbooks.

4.1.2. Students’ frequency of mathematics
textbook use

As shown in Figure 2, about 15% of students never used
mathematics textbooks before, in, and after class and before the
examination. And about half of students at least often used
textbooks in class (51.7%) and before the examination (47.2%),
while more than half of students seldom or sometimes used
textbooks before (56.0%) and after (57.8%) class. In the interviews,
12 students reported that they at least often used textbooks in class.

10.3389/fpsyg.2023.1132184

Meanwhile, 16 students stated that they sometimes or often used
textbooks before and after class, which appeared more frequent
use than the questionnaire data. In contrast to the data surveyed,
only seven students reported that they sometimes or often used
textbooks before the examination. Merely one student (S4) said: “I
always used textbooks before the final and midterm examinations
and weekly tests.” The results revealed that Chinese students used
mathematics textbooks more frequently in class and before the
examination than before and after class.

According to Figure 3, about 10% of students always used
introductions, exploratory tasks, tips, mathematics activities, and
reading materials, and 15-20% of students never used these
parts. However, about half of students at least often used
kernels, worked examples, exercises and problems, and summaries,
and about 15% of students never used these parts. During
the interviews, all students stated that they at least sometimes
used kernels, worked examples, and exercises and problems.
Meanwhile, exploratory tasks, tips, summaries, and reading
materials were rarely mentioned (less than 5 students, respectively),
and introduction and mathematics activities were not mentioned at
all. The results revealed that Chinese students used core content
in mathematics textbooks more frequently than content with
guidance and auxiliary.

4.1.3. Students’ reasons of mathematics textbook
use

As shown in Figure 4, mathematics textbooks were typically
used by more than half of Chinese students to preview, revise, do
homework, learn and exercise in class, and look up definitions,
theorems, and formulas. Consistent with the data surveyed, all
interviewees mentioned the above five purposes of textbook
use. Besides, 11 interviewed students used textbooks to look up
examples and 3 interviewed students used textbooks to do extra
exercises. The four typical motivations behind textbook use in turn
were their perceptions of textbooK’s helpfulness for “knowledge,
skills, and abilities” and “thinking methods, activity experience, and
emotions and values,” teacher-mediation, and challenges. In the

11.1%

15.6%

18.4%
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FIGURE 1
Percentage distributions of the days and duration of textbook use.
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FIGURE 2
Percentage distributions of the frequency of textbook use at different timing.
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FIGURE 3
Percentage distributions of the frequency of using different components.

interviews, all students pointed out that textbook use is helpful
for their mathematics learning and their teachers asked them to
use textbooks in class, but no one mentioned that they would
feel fulfilled when they solved difficult problems in textbooks.
Besides, six students reported that their parents asked them to use
textbooks. For example, S18 said: “My mother told me T was too
busy to tutor you, so you should use textbooks more because there
were all you have ever studied in textbooks.”
that Chinese students used mathematics textbooks for various but
typical purposes and motivation.

The results revealed

4.1.4. Students’ perceptions of mathematics
textbook use

Table 4 shows the means, standard deviation, and rank of
the influence of textbook use on mathematics learning. The mean
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scores of seven items ranged from 3.502 to 3.992, which were
greater than 3.500, implying positive impacts of textbook use
on mathematics learning. Textbook use is perceived to be most
helpful for mathematics knowledge, followed by mathematical
skills, abilities, thinking methods, activity experience, values and
emotions, and grades. During the interviews, all students stated that
textbook use is helpful for developing mathematical knowledge,
skills, and abilities. Besides, 4 students said that “When I met the
problems that I could not solve, I would read the examples and
exercises to find the methods.” One student (S3) emphasized that “I
would lose marks because of incomplete steps, so I would often read
and imitate the steps of the examples in mathematics textbooks,
which could help me reduce the loss of marks.” While, no one
explicitly mentioned that textbook use is helpful for gaining activity
experience and shaping emotions and values. The results revealed
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Percentage distributions of the purposes and motivation of textbook use.

TABLE 4 The M, SD, and rank of the influences of textbook use on mathematics learning.

Grades Knowledge Skills Abilities Methods Experience Emotions
M 3.502 3.992 3.595 3.570 3.546 3.539 3.509
SD 1.0112 0.9622 1.0364 1.0780 1.0424 1.0525 1.0940
Rank 7 1 2 4 5 6

that Chinese students had a positive view about textbook use in
mathematics learning, especially in developing basic knowledge,
skills, and abilities.

4.2. Analysis of differences across
student groups

To examine the effects of different factors on students’ use
of mathematics textbooks (see Table 5), Chi-square tests were
conducted for the length of time and reasons of textbook use
among different comparison groups. In frequency and perceptions
of textbook use, T-tests were conducted across students’ gender,
teachers’ gender, education level and experience in teaching with
textbooks and ANOVA tests were conducted across school region,
grade level, and teachers’ title and teaching experience. Meanwhile,
the interviews with students and teachers were conducted to offer
explanations for the differences in students’ textbook use across
different comparison groups.

4.2.1. School region: Access to and types of other
curriculum resources

The test results showed that there were statistically significant
differences in the length of time, frequency, reasons, and
perceptions of textbook use among the three regions. Specifically,
students from the midlands used textbooks significantly more
time, more frequently, and more for typical reasons and thought
significantly more highly of textbooks in mathematics learning
than those from the west, whereas students from the west were
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significantly greater than those from the east in four dimensions
of textbook use. During the interviews, we found that the region
differences in textbook use were related to access to and types
of other curriculum resources. According to students’ responses,
other curriculum resources could be classified into information and
communication technologies (ICTs), supplementary educational
books, and school-based learning materials and their deciders
could be the publisher, local teaching and research section,
school, teacher, parent, or student (see Table 6). The interview
data revealed that students from the east had more access to
other more curriculum resources, so that they used textbooks
less time, less frequently, and less for typical reasons and
thought less highly of textbooks in mathematics learning than
those from the west, whereas students from the west were
less than those from the midlands in four dimensions of
textbook use.

4.2.2. Student genders

The test results showed that there were no statistically
significant differences in the length of time and frequency of
textbook use between the two genders, except that boys used
textbooks significantly more minutes per day than girls and
used introductions in mathematics textbooks significantly more
frequently than girls. Also, there were no statistically significant
differences in reasons and perceptions of textbook use between the
two genders, except that it is significantly more enjoyable for boys
to use textbooks than girls. Similarly, we have not found that there
were evident differences in textbook use between the two genders
in the interviews.
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4.2.3. Grade level: Curriculum content and 3
students’ mathematics knowledge base £ g
The test results showed that there were statistically significant s B P R I (R R S
differences in the length of time, frequency, reasons, and ¥ ?& ZE Zﬁ E‘ :3 é fg
perceptions of textbook use among the three grade levels. = ‘é @ g F R e
Specifically, the seventh graders used textbooks significantly more L9
time, more frequently, and more for typical reasons and thought g’ @
significantly more highly of textbooks in mathematics learning than g
the eighth graders, whereas the eighth graders were significantly £,
greater than the ninth graders in four dimensions of textbook g a : aE: t e |y
use. According to the interviews, we thought the grade differences E| 0K SR § 2%
in textbook use were due to curriculum content and students’ ; “..q._f % <N sl
mathematics knowledge base. @ =
For example, S9 said: “The content in the seventh grade is 3
relatively simple and some have been learned in primary school. :
When in the eighth grade, the amount and difficulty of curriculum g v B R NN
content are grater. So I often used the textbook to look up 9 % E E § % § § 3
definitions, theorems, and formulas.” Also, S1 and S14, the eighth © < & g =T
graders, expressed the same views. Meanwhile, S10 said: “The E‘
content in the ninth grade is more compositive. When learned new g
content or solved the problems, I need more prior knowledge than 5
before. So I often used the textbook to review.” s E . « |z |
S5, S6, and S8 said: “When learned parallel lines, congruent § % % ;‘\; % % ::o
triangles, and parallelogram, I used the textbook more frequently el 8 8 SHERRE
to look up examples. Because I had to imitate the steps of proof to @
do homework and further understand reasoning.”
S15 and S17 said: “Compared to the last semester, I think I have &
understood and mastered the content after learning in class and 2:: Y . . .
doing homework (not in the textbook) after class. So I hardly used 2 e % 5 % E 5 ?R %2 ?‘:
the textbook and occasionally used the textbook only when I cannot S | © IR IEE IR RON
deal with the problems well.” § = KK R
The results of the above interviews revealed that breadth A
and difficulty of curriculum content, specific content areas, and %
students’ mathematics knowledge base were the factors that @
affected students’ textbook use. Specifically, as the grade changed, § g ?ﬁ x . x| s
students used textbooks more time, more frequently, and more '§ © E % é % ;E tg g
for typical reasons and thought more highly of textbooks in £ '% % g g s S 3|5
mathematics learning with curriculum content broader and more - S| O
difficult, but students used textbooks less time, less frequently, % =
and less for typical reasons and thought less highly of textbooks £
in mathematics learning with the foundation of mathematics 2 %
knowledge more solid. Moreover, when it came to figures and g :g: é
geometry, students used textbooks more frequently to understand 2 E '?.1 -
methods and imitate process of proof. Overall, the phenomenon of § é a id "
“students’ use of mathematics textbooks declined with higher grade g g § . é i _g
level” was prominent. g S22 E E E 8
£
4.2.4. Teachers' demographic variables: Teachers’ g &
textbook use and interventions with students £ %
The test results showed that there were statistically significant g %‘;
differences in the length of time and frequency of textbook use g é
among students taught by teachers with different demographic £ é‘j
variables, except the days of textbook use in a week, the frequency £ B
of textbook use before and after class, and the frequency of using & =
examples and exercises in textbooks between students taught by ;C:;" 3 §
teachers with different levels of education. Regarding the reasons 0 £ & 2 'qa":
of textbook use, there were no statistically significant differences 'g ;:3:9 & ;% E
among students taught by teachers with different demographic =
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TABLE 5 (Continued)

Frequency of using different components (F/t)

Introductions | Exploratory | Kernels Worked Tips Exercises Summaries Mathematics Reading
tasks examples activities materials
Region 93.453*+ 71440 44,199 48.498* 86.122%** 47.318 777170 88.473** 90.636***
Gender 2.461%
Grade level 66.435* 99,824+ 105.036*** 101.806*** 41.867* 124.357%% 7643144 68.7334% 84.459*+
Students taught by Gender —7.262% —8.023** —7.785% —5.903** —5.590%* —7.558* —6.625% —7.665% —7.3100*
different teacher groups
Education level 3,687 2.727%* 2.172* 2.856** 3.556** 2.924%* 3.7670%
Title 25.964%* 27.778* 22129+ 23,697+ 21.712%% 26.103*+ 32,293 31,667 39.953+
Teaching experience 12.813+ 16.1374% 14,465 11.926* 7.75404% 13.528%%% 11.754%%% 15.970%%% 17.035%+
Experience in textbook —4.540%% —4.3810% —4.033% —2.630%* —2.597%* —3.476%* —4.2750% —4.390%* —4.989%*
teaching
Reasons of textbook use (X?) Perceptions of textbook use (F/t)

‘ “ Purpose ‘ Motivation ‘ Grades ‘ Knowledge ‘ Skills ‘ Abilities ‘ Methods ‘ Experience ‘ Emotions
Region 60.026*** 83.796** 133.537%%¢ 34292 102.836%** 98.243* 90.797+%% 88.878* 104.515%%
Gender 30,467+
Grade level 38.400%* 44.766* 39815+ 16.753%* 27.5234% 37.520%% 37.167* 37.880%* 33.920%*
Students taught by Gender —5.380* —4.553%0% —4.107* —4.056%* —4.767% —5.521%%* —5.026*
different teacher groups

Education level 17.117+ 5.538% 3.204%% 4,169 4,183 3.976%* 2.358* 3.922%*
Title 26.564** 34.4820% 12.660** 36.632°%* 33792+ 35,138 26.1024% 29,8214
Teaching experience 11,284 5.911% 8.962%% 10.056** 13.555%%* 7.969%% 6.723*
Experience in textbook 14.587* —4.161%* —2.055* —2.711%* —3.667* —4.080%* —2.136* —2.582*
teaching

*p < 0.05,*p < 0.01,and ***p < 0.001.
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TABLE 6 The classifications of other curriculum resources and their deciders.

10.3389/fpsyg.2023.1132184

Students from the east Students from the Students from the west
midlands

ICTs Smartphone (parent/student), computer

(parent/student), website (student), PowerPoint
(teacher), Bilibili (student), Geometer’s Sketchpad

(student)

Supplementary educational
books (SEB)

Workbook (publisher), SEB1 (school), SEB2
(student), SEB3 (student)

School-based learning materials Class notes (teacher), guiding case (teacher),

Workbook (local teaching and research section)

variables, except the purposes of textbook use between students
taught by teachers with different levels of education and the
motivation of textbook use among students taught by teachers
with different titles and with different experiences in teaching
with textbooks. And for the perceptions of textbook use, there
were statistically significant differences among students taught by
teachers with different demographic variables.

Specifically, students taught by female teachers used textbooks
significantly more time, more frequently, and more for typical
reasons and thought significantly more highly of textbooks in
mathematics learning than students taught by male teachers.
Similarly, students taught by teachers with bachelor’s degrees or
lower used textbooks significantly more time, more frequently, and
more for typical reasons and thought significantly more highly of
textbooks in mathematics learning than students taught by teachers
with master’s degrees or higher. In contrast, students taught by
teachers with middle titles or with 6-15 years of experience in
teaching mathematics used textbooks significantly more time, more
frequently, and more for typical reasons and thought significantly
more highly of textbooks in mathematics learning than students
taught by teachers with primary and senior titles or with less
than 5 years and more than 15 years of experience in teaching
mathematics. Meanwhile, students taught by teachers with more
than 5 years of experience in teaching with textbooks used
textbooks significantly more time, more frequently, and more for
typical reasons and thought significantly more highly of textbooks
in mathematics learning than students taught by teachers with
less than 5 years of experience in teaching with textbooks. In
the interviews, we found these results were related to teachers’
ways of textbook use and ways of intervention with students.
According to teachers’ responses, teachers’ ways of textbook use
involved direct use, indirect use, and absence of use (Juki¢ Mati¢
and Glasnovi¢ Gracin, 2016) and teachers’ ways of intervention
with students were intertwined in direct (specific/general)/indirect
and obligatory/voluntary (Rezat, 2012), as shown in Table 7.

From the results of interviews, female teachers and teachers
with bachelor’s degrees or lower were more likely to use
mathematics textbooks directly and mediate students directly and
specifically. For example, T3 said: “The examples, exercises, and
homework were directly from textbooks... and I always asked
students to read the kernels in class.” Thus, their students used
textbooks more frequently and thought more highly of textbooks
in mathematics learning. However, teachers with middle titles,
teachers with 6-15 years of experience in teaching mathematics,
and teachers with more than 5 years of experience in teaching
with textbooks were more likely to use mathematics textbooks less
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Smartphone (parent/student), Smartphone (parent/student),
website (student), PowerPoint

(teacher), Bilibili (student)

website (student), PowerPoint
(teacher)

Workbook (publisher), SEB4
(school)

Workbook (publisher), SEB5
(school), SEB6 (school)

Class notes (teacher) Class notes (teacher), guiding case

(teacher)

directly and more indirectly and mediate students more generally
and indirectly. For example, T4 said: “I would adjust the amount
and sequence of exploratory tasks in textbooks when I think they
are not suitable for students. .. and I would also advise students to
use textbooks when need help for tasks.” But their students still used
textbooks more frequently and thought more highly of textbooks in
mathematics learning.

5. Discussion

5.1. Mathematics textbooks: Traditional
but important curriculum resources for
students’ mathematics learning

Due to rapid cultural, and economic

development in China over the past 20 years, ICTS, supplementary

technological,

educational books and school-based learning materials have
become increasingly available in Chinese classrooms and families.
As traditional curriculum resources, mathematics textbooks are
still important tools for Chinese secondary students to learn
mathematics which is consistent with previous studies (Fan et al,,
2004; Wang and Fan, 2021). Specifically, Chinese students relied
heavily on mathematics textbooks. Quite a few students used
mathematics textbooks both in school and at home and not
only on weekdays but also on weekends. Meanwhile, they used
mathematics textbooks at different timing, especially in class and
before the examination. And they pointedly used a portion of
components in textbooks, mainly kernels, examples, and exercises.
This finding is in line that of with existing studies (Weinberg et al,,
2012; Thomas, 2013). Besides, Chinese students used mathematics
textbooks for various but typical reasons. They used mathematics
textbooks particularly to preview, revise, do homework, learn and
exercise in class, and look up definitions, theorems, and formulas,
which was largely affected by the Confucian tradition of ‘learning
the new by repeating the old’ and the two-basic teaching of basic
knowledge and basic skills. And they showed self-regulation
(Wang and Fan, 2021) and teacher-mediation behind their use.
Furthermore, Chinese students had a positive view about textbook
use in mathematics learning, especially in developing mathematical
knowledge, skills, and abilities. But, they were less positive about
the impact of textbook use on grades, mainly because they had
more access to other curriculum resources and ignored that using
textbooks could improve their grades by developing their basic
knowledge and basic skills.
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TABLE 7 Teachers’ ways of textbook use and ways of interventions with students.

Teachers’ ways of textbook use

Teachers’ ways of intervention with students

Direct use Indirect use Absence of use
T1 80% 15% 5% Direct, specific, obligatory, and voluntary
T2 75% 15% 10% Indirect and voluntary
T3 85% 15% Direct, specific, obligatory
T4 70% 25% 5% Direct, specific and general, obligatory
T5 65% 25% 10% Indirect and voluntary
T6 65% 30% 5% Direct, general, obligatory, and voluntary
T7 70% 25% 5% Direct, general, obligatory, and voluntary
T8 75% 20% 5% Direct, specific, obligatory, and voluntary

5.2. Differences in students’ use of
mathematics textbooks across
demographic factors

The results revealed that there existed significant differences
in students’ use of mathematics textbooks in terms of school
regions, grade levels, and teachers’ demographic variables, except
student genders. Regarding school regions, students from the east
relied significantly less on textbooks, used textbooks significantly
less for typical reasons, and had significantly less positive views
about textbook use in mathematics learning than students from
the west, who were less than students from the midlands. This
finding is different from Fan et al.’s (2004) conclusions that students
from Fuzhou in the east used textbooks and their components
more frequently than students from Kunming in the west. We
think this contradiction is partly related to access to and types
of other curriculum resources, behind that is local economic and
educational development level. In fact, China is divided into the
east, midlands, and west according to economic development level
of every province ranging from high to low and geographical
location. In the early 20th century, students from two regions
had less access to other curriculum resources, which was not the
main factor affecting students’ use of mathematics textbooks at
that time. Whereas after 20 years of economic and educational
rapid development, students from three regions have more access
to other various curriculum resources, which has a huge impact on
textbook use. Further studies should be conducted to explore how
economic development affects students’ textbook use.

With regard to student genders and grade levels, there
were fewer significant differences between gender groups, which
revealed that student genders might not be the main factor affecting
students’ textbook use. In terms of grade levels, the higher graders
relied significantly less on textbooks, used textbooks significantly
less for typical reasons, and had significantly less positive views
about textbook use in mathematics learning than the lower graders.
From the interviews, we found this result was related to breadth
and difficulty of curriculum content, specific content areas, and
students’ mathematics knowledge base, which was both consistent
with and complementary to the existing study (Fan et al., 2004).
Fan et al. (2004) found the reasons why students have changed
their use of mathematics textbooks compared to the previous
semester were mainly breadth and difficulty of curriculum content,
students’ beliefs of mathematics, editors of textbooks, teachers,
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and parents. Curriculum content broader and more difficult with
the grade level increasing is understandable because curriculum
content in Chinese mathematics textbooks are organized in spiral
sequence form. Meanwhile, there are more reasoning and proof
in figures and geometry than numbers and algebra and statistics
and probability (Ministry of Education of the People’s Republic of
China, 2011) and examples in textbooks provide students scientific
ideas, authoritative process, and standard steps of the proof to
imitate and understand reasoning, which were the reasons why
students used textbooks more frequently and had more positive
views about textbook use when they learned figures and geometry.
In addition, students’ developmental levels represented by students’
mathematics knowledge are also the factors that influence students’
textbook use. As grade levels changed, students with more solid
foundation of mathematics knowledge and more mature beliefs
could more effectively use textbooks to integrate new knowledge
with prior experience, so that they used textbooks less frequently
and had less positive views about textbook use. Under the influence
of student factors and content factors, students’ use of mathematics
textbooks declined with higher grade level. Whether student factors
play a more important role in students’ textbook use than content
or textbook factors needs to be further examined.

Regarding teachers’ demographic variables, students taught by
female teachers, by teachers with bachelor’s degrees, by teachers
with middle titles, by teachers with 6-15 years of experience in
teaching mathematics, or by teachers with more than 5 years of
experience in teaching with textbooks relied significantly more
on textbooks and had significantly more positive views about
textbook use in mathematics learning than students taught by
male teachers, by teachers with master’s degrees, by teachers
with primary and senior titles, by teachers with 0-5 and more
than 15 years of experience in teaching mathematics, or by
teachers with 0-5 year of experience in teaching with textbooks,
respectively. But there were fewer differences in reasons of
textbook use among students taught by teachers with different
demographic variables. This finding was related to teachers” ways
of textbook use and ways of intervention with students, behind
that were teachers knowledge and beliefs about mathematics
textbooks (Rezat, 2013; Juki¢ Mati¢ and Glasnovi¢ Gracin, 2016).
According to the interviews, female teachers and teachers with
bachelor’s degrees or lower, who were more likely to regard
textbooks as the decisive tools to complete the teaching task, would
tend to use mathematics textbooks faithfully and explicitly ask
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students to use specific section. Although teachers with more
than 5 years of experience in teaching with textbooks have more
indirect use of textbooks and general mediation on students,
experienced textbook users who had wealthy knowledge and
mature beliefs about textbooks would urge students to read the
main body in textbooks more (Fan et al,, 2004). Therefore, these
explained why their students used textbooks more frequently
and thought more highly of textbooks in mathematics learning.
But compared to novice and experienced teachers, knowledge
and beliefs about mathematics textbooks of teachers with middle
titles and teachers with 61-5 years of experience in teaching
mathematics are in the stage of development and formation.
They were more likely to use mathematics textbooks less directly
and more indirectly and mediate students more generally and
indirectly. Why their students used textbooks more frequently and
thought more highly of textbooks in mathematics learning could
not be well explained in this study. This might be due to the small
number of interviewed teachers with middle titles and with 6-
15 years of experience in teaching mathematics and no classroom
observations. Further research should be conducted to explore what
cause such a difference.

5.3. Implications

Although this study focused on Chinese context, some
results and discussions may have general implications. From
the perspective of the subject and artifact in activity system,
textbooks
development and diverse needs. On the one hand, students have

mathematics should meet students’ individual
more access to more various curriculum resources. On the other
hand, different groups of students use mathematics textbooks in
different ways. These mean that mathematics textbooks will be
easily at a disadvantage in students’ resource system. Therefore,
it is a key issue to monitor the quality of curriculum resources
(Wang and Fan, 2021), further to make mathematics textbooks
play a more important role in the resource system from students’
different learning needs.

From the perspective of the community in activity system,
students should be taught to use mathematics textbooks
autonomously and creatively to improve learning quality through
teachers’ mediation. Teachers also proved to be important in the
students’ use of mathematics textbooks. Teachers’ knowledge and
beliefs about textbooks strongly shape their practice and decide
when, where, and which sections of the textbook were to be used
by students. Thus, it is necessary for teachers to help students
realize the importance and significance of mathematics textbooks
and textbook use. It can promote students to know long-term and
short-term goals for textbook use and develop the awareness and
ability to regulate their textbook use.

5.4. Limitations and future directions

Finally, we should point out that the data collected were mainly
based on self-report and no classroom observations were employed
due to the unexpected impact of the COVID-19 pandemic,
which are the limitations of this study. According to this study,
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Chinese students use a variety of curriculum resources to learn
mathematics and teachers’ knowledge and beliefs about textbooks
behind teachers’ demographic variables are the potential factors
that affect students textbook use. Hence, future research should
explore how students in different economic, social, and cultural
contexts incorporate various curriculum resources in mathematics
learning. In fact, many researchers expressed similar concerns
about this issue. For example, Glasnovi¢ Gracin and Juki¢ Mati¢
(2021) have explored teachers’ and students” use of textbooks and
other resources during the process of educational reform in Croatia
and Fan et al. (2022) have studied Shanghai students’ access,
use, and perceptions of ICTs in learning mathematics. Moreover,
examining the relationship between teachers’ knowledge and beliefs
about textbooks and students’ textbook use could be a direction for
further studies.
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This study examined the relations between Chinese students’ filial piety
beliefs and mathematics procrastination and the mediating role of academic
emotions in the relations. Analysis of data on 1,476 primary school students in
China with structural equation modeling revealed that students’ reciprocal and
authoritarian filial piety beliefs were positively related to academic enjoyment
and anxiety, respectively. Students’ procrastination in mathematics learning was
positively related to anxiety and authoritarian filial piety beliefs and had negative
associations with enjoyment and reciprocal filial piety beliefs. The bootstrap
analysis results confirmed the mediating role of anxiety in the relation between
authoritarian filial piety beliefs and procrastination. Reciprocal filial piety beliefs
had negative indirect relationship with procrastination via enjoyment. The results
were explained from a socio-cultural perspective. The theoretical contributions
and practical implications are discussed.

filial piety beliefs, enjoyment, anxiety, procrastination, mathematics learning

Introduction

Academic procrastination is a problematic behavior in student learning associated with a series
of maladaptive learning outcomes such as poor academic performance (Moon and Illingworth,
2005; Kim and Seo, 2015) and less use of cognitive learning strategies (Wolters, 2003). Although
academic procrastination has been extensively studied, extant research has overwhelmingly
focused on Western populations (Klassen et al., 2008; Burnam et al., 2014). Preliminary studies
found cross-cultural differences of students” absolute level of academic procrastination and its
consequences (e.g., Klassen et al., 2010), calling for more research of academic procrastination
among non-Western samples such as East Asians (Jin et al., 2019; Yang et al., 2019).

Given the maladaptive role of procrastination in student learning, much attention has been
paid to examine what contributes to students’ academic procrastination. Parent-child interaction
has been found to be a critical factor affecting students’ procrastination behaviors (Ma et al., 2011;
Zakeri et al., 2013; Chen et al., 2022). Filial piety beliefs (guiding children to repay, honor, and
care for their parents, and unconditionally obey parents’ requirements; Ho, 1994) reflect Chinese
students’ perceptions and beliefs of parent-child relationship and interaction (Yeh and Bedford,
2004; Chen, 2014). In Chinese societies, filial piety means that children should work hard to
pursue for academic success to repay their parents and honor families (Tao and Hong, 2014),
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which may decrease students’ procrastination in learning process.
However, few empirical studies have been conducted to investigate the
relation between students’ filial piety beliefs and procrastination
behaviors. This is important to understand cultural and family
antecedents of students’ academic procrastination in Chinese societies.

Filial piety beliefs have been found to influence students’ academic
outcomes, such as view of learning (Chen and Wong, 2014) and
achievement (Chen, 2014). Academic emotions may also be shaped
by students’ filial piety beliefs. According to control-value theory
(Pekrun, 2019), students’ academic emotions are influenced by
appraised and broader environmental antecedents. Filial piety beliefs
reflect parent—child interaction from children’s perspectives, which
may serve as a family antecedent of academic emotions. Children who
tend to obey to parents’ authority (e.g., authoritarian filial piety) may
have higher level of academic anxiety. As mathematics is a critical
school subject for students’ future academic and career success in
China, parents place high emphasis on their children’s mathematics
learning and have high expectation on children’s mathematics
performance (Cao et al., 2007). Thus, filial Chinese students may tend
to internalize parents’ beliefs and endorse the value and importance
of mathematics, and try to fulfill parents’ expectation, which may
affect their emotions in mathematics learning. In other words,
students’ filial piety beliefs may shape their appraisal for and emotions
in mathematics.

Given the potential relationship between filial piety and emotions
(Yeh, 2006) and between emotions and procrastination (Rahimi and
Vallerand, 2021), academic emotions may serve as a mediator in the
relations between filial piety beliefs and procrastination. In the
Chinese context, filial students tend to value schools and engage more
positive emotions in learning, which may create a protective
mechanism to avoid procrastination. On the other hand, children who
focus on family honor and obedience to parents are likely to
experience more anxiety (Yeh, 2006), and thus engage in academic
procrastination (Pychyl et al., 2000). In other words, students’ filial
piety beliefs might influence their academic emotions and further
shape their procrastination behaviors. However, there is a lack of
empirical evidence testing this relation.

To fill in the aforementioned research gaps, this study aims to
empirically examine the relations between Chinese students’ filial
piety beliefs and their procrastination in mathematics learning and the
mediational role of mathematics emotions in the relations.

Literature review
Filial piety beliefs

Filial piety is an important concept in Confucian culture,
describing how children should interact with their parents (Ho and
Lee, 1974; Yeh and Bedford, 2003). Filial piety requires children to love
their parents by supporting and caring for parents, maintaining family
honor, obeying parents’ decisions, and achieving parents’ wishes (Ho,
1994). Some research showed that filial piety was associated with
maladaptive outcomes, including cognitive conservatism (Ho, 1996),
neuroticism (Zhang and Bond, 1998), and less creativity (Ho, 1994).
In contrast, other studies identified a positive role of filial piety, as it
facilitated harmonious intergenerational relationships (Sung, 1995)
and family cohesion (Cheung et al., 1994).
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Given the contradictory findings on the role of filial piety, Yeh
(2003) proposed the dual filial piety model (DFPM), which further
divides filial piety into two dimensions: reciprocal and authoritarian
filial piety. DFPM posits that reciprocal filial piety is associated with
adaptive outcomes, while authoritarian filial piety is associated with
maladaptive outcomes (Yeh, 2003). Reciprocal filial piety comprises
“emotionally and spiritually attending to one’s parents out of gratitude
for their efforts in having raising one, and physical and financial care
for one’s parents as they age and when they die for the same reason,”
while authoritarian filial piety encompasses “suppressing one’s own
wishes and complying with one’s parents’ wishes because of their
seniority in physical, financial or social terms, as well as continuing
the family lineage and maintaining one’s parents’ reputation because
of the force of role requirements” (Yeh and Bedford, 2003, p. 216).
Existing literature has largely support DFPM in that reciprocal filial
piety is associated with desirable outcomes such as openness (Yeh and
Bedford, 2003) and better interpersonal relationships (Yeh and
Bedford, 2004), whereas authoritarian filial piety is related to
maladaptive outcomes, like performance-avoidance goals (Chen,
2016), neuroticism (Yeh and Bedford, 2003), and anxiety (Yeh, 2006).
Therefore, this study followed DFPM (Yeh, 2003) to conceptualize
filial piety as comprising both reciprocal and authoritarian filial piety.

Filial piety and academic procrastination

Procrastination refers to the unnecessary delay in taking action,
despite unavoidably undesirable results (Steel, 2007). Academic
procrastination is seen as an undesirable learning tendency;, as it was
always related to such maladaptive learning outcomes as high levels of
anxiety and stress (Chu and Choi, 2005; Spada et al., 2006), less use of
cognitive learning strategies (Wolters, 2003), and poor academic
performance (Moon and Illingworth, 2005; Kim and Seo, 2015). Given
the maladaptive role of procrastination in student learning, it is essential
to identify potential antecedents of procrastination (Steel and Klingsieck,
2016; Rahimi and Vallerand, 2021). Previous studies have found that
procrastination was influenced by individual personality traits (e.g.,
conscientiousness; Steel and Klingsieck, 2016) and motivation (e.g., goal
orientations; Howell and Watson, 2007), teacher-related factors (e.g.,
teachers’ clear expectations; Schraw et al., 2007), and so forth.

Researchers have found that East Asian culture shapes students’
learning process (Leung, 2006; Hu et al, 2018; Guo et al, 2022).
However, informative as the extant literature is, few studies have
empirically examined whether and how cultural background might
influence academic procrastination. Further, it is noteworthy that
research on academic procrastination has mostly surveyed college
students (Rabin etal., 2011; Kim and Seo, 2015), while younger students’
academic procrastination has been under-investigated (Xue et al., 2021).
To fill in the research gaps, this study focused on one potential cultural
antecedent of academic procrastination—students’ filial piety beliefs—
and examined the relation between filial piety beliefs and procrastination
in mathematics learning among primary school students in China.

Exiting evidence on parental influence on children’s academic
procrastination provides support for our hypothesis on the relation
between filial piety and academic procrastination. Previous studies
have found that authoritarian parenting style positively predicted
children’s academic procrastination (Zakeri et al., 2013; Soysa and
Weiss, 2014; Chen et al., 2022). For instance, by investigating 743
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Chinese college students, Chen et al. (2022) identified that students
who perceived authoritarian parenting style were more inclined to
focus on mistakes and thus procrastinated learning tasks. Given
authoritarian filial piety beliefs reflect students’ perception of
authoritarian parent-child interaction (Chen, 2014), it is also likely to
increase children’s academic procrastination. Specifically, students
with authoritarian filial piety tend to restrain their own wishes and
obey their parents’ academic requirements (Yeh, 2006), which may
hurt their individual autonomy (Sun et al., 2019) in the learning
process, and further lead to more academic procrastination. Therefore,
students” authoritarian filial piety is hypothesized to increase their
procrastination in mathematics learning.

Regarding reciprocal filial piety, there is also a lack of research on
its association with academic procrastination in mathematics learning.
However, existing literature have confirmed its beneficial role in
student personal development and academic learning (Yeh, 2006). A
study of 750 junior high school students revealed that students’
reciprocal filial belief positively predicted their autonomy need
satisfaction and academic performance in mathematics and reading
(Zhou et al., 2020). Indeed, studying hard to achieve academic success
is regarded as an important way to repay parents in China (Leung,
2006; Tao and Hong, 2014). Students who have the desire to repay their
parents (i.e., reciprocal filial piety) tend to be hardworking at school
and less academically procrastinated. Therefore, we hypothesize that
reciprocal filial piety will negatively predict academic procrastination.

The mediating role of academic emotions

The importance of academic emotions students experienced in
school settings has long been recognized by educators. Academic
emotions refer to “emotions tied directly to achievement activities or
achievement outcomes” (Pekrun, 2006, p. 317). Pekrun’s (2006)
control-value theory (CVT) posits that students’ academic emotions
are influenced by appraised and broader environmental antecedents,
and influence learning outcomes such as achievement, motivation to
learn, and self-regulation. Filial piety, as an essential cultural aspect in
China, might influence students’ academic emotions, which in turn
affects procrastination in mathematics learning. That is, academic
emotions may play a mediating role on the relation between filial piety
and academic procrastination. However, there are, to the best of our
knowledge, few studies have empirically tested the mediating effect of
academic emotions on the relation, which is a focus of our study.
Notably, we specifically focus on two academic emotions (i.e.,
enjoyment and anxiety) as they have been widely studied and
demonstrated importance in Chinese students’ learning process (Jiang
and Dewaele, 2019; Guo et al., 2020).

The relation between academic emotions and academic
procrastination has been well-documented in literature (Spada et al,
2006; Rahimi and Vallerand, 2021). Positive academic emotions (e.g.,
enjoyment) can serve as a protective factor for academic procrastination
(Rahimi and Vallerand, 2021), while negative emotions were found to
trigger more academic procrastination (Pychyl et al,, 2000; Rahimi and
Vallerand, 2021). Rahimi (2019) conducted a three-phase longitudinal
study and found a reciprocal positive relationship of enjoyment and
anxiety with academic procrastination. Therefore, we hypothesize that
mathematics enjoyment and anxiety will have a positive and negative
association with mathematics procrastination, respectively.
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The relation of filial piety with academic enjoyment and
anxiety has been under-investigated. Preliminary evidence,
however, support the role of filial piety in students’ emotional
process (Yeh, 2006). By investigating senior and junior high school
students in Chinese Taipei, Yeh (2006) found that students with
reciprocal filial piety perceived less level of depression and anxiety,
while students” authoritarian filial piety triggered their experience
of anxiety. Thus, we hypothesize that reciprocal and authoritarian
filial piety beliefs negatively and positively predict mathematics
anxiety, respectively. Further, extant evidence on the relation
between filial piety and academic motivation might shed light on
the relation between filial piety and academic enjoyment. For
instance, Chen (2016) found that reciprocal filial piety positively
predicted Chinese students’ mastery goals. Students with mastery
goals always experienced more positive emotions (e.g., enjoyment;
Lee et al., 2003; Pekrun et al,, 2009). Thus, this study hypothesizes
that students’ reciprocal filial piety will positively predict
enjoyment. Authoritarian filial piety beliefs require children to
unconditionally follow parents’ arrangements and obey parental
authority, which may hinder students’ individual autonomy in the
learning process (Sun et al., 2019). According to self-determination
theory, autonomy serves as an important factor facilitating the
development of intrinsic motivation (Niemiec and Ryan, 2009).
Researchers have identified the positive relationship between
intrinsic motivation and enjoyment (Grastén et al, 2012).
Therefore, authoritarian filial piety is hypothesized to negatively
predict mathematics enjoyment.

To sum up, extant studies have identified associations between
filial piety and academic emotions (Yeh, 2006) and between academic
emotions and procrastination (Rahimi and Vallerand, 2021),
indicating a potential mediating role of academic emotions in the
relation between filial piety and procrastination.

The present study

Drawing on the control-value theory of academic emotions,
we advanced an indigenous psychological perspective to examine the
relations between Chinese students’ filial piety—an essential cultural
belief for Chinese people—with their academic emotions (i.e., math
enjoyment and anxiety) and procrastination in mathematics learning.
Based on previous studies on filial piety, emotions, and academic
procrastination (Yeh, 2006; Chen, 2016; Rahimiand Vallerand, 2021),
this study hypothesizes that students’ filial piety has a significant
relationship with academic emotions and further links to
procrastination in mathematics learning. The specific hypothesis in
the study is presented below.

Hypothesis 1: Authoritarian filial piety beliefs will be related to a
higher level of mathematics anxiety and less enjoyment.

Hypothesis 2: Reciprocal filial piety beliefs are expected to
be positively and negatively associated with mathematics
enjoyment and anxiety, respectively.

Hypothesis 3: Mathematics anxiety and enjoyment will have a
positive and negative association with academic procrastination,
respectively.
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Hypothesis 4: Reciprocal and authoritarian filial piety beliefs will
be negatively and positively related to academic procrastination,
respectively.

Methods
Participants and procedure

This study involved 1,476 Fourth to Sixth Grade primary school
students (Mage = 10.82 years, SD = 0.96) in a city of Guizhou Province,
China. Of these students, 48.0% were boys, 51.5% were girls, and 0.5%
were missing gender information. After consulting with local
experienced teachers, we invite each school with high, medium, and
low teaching quality, respectively, in the city to participated into the
study, resulting in totally 3 participating schools. With the help of
teachers in the schools, the first author administered the questionnaire
to students in class. Before data collection, ethics approval was
acquired. Students who agreed to take part in this study filled in a
consent form and then completed a self-reported questionnaire on
filial piety and academic emotions.

Measures

Filial piety

The filial piety scale (Yeh, 2003) was used to measure both
reciprocal filial piety (4 items; o =0.813; e.g., “Children should
support their parents to make them live better”) and authoritarian
filial piety (4 items; a =0.769; e.g., “Children should do what their
parents ask”), on a 5-point Likert scale.

Academic emotions

Measures of mathematics enjoyment and anxiety were adapted
from the enjoyment and anxiety subscale in the Achievement
Emotions Questionnaire (Pekrun et al.,, 2011) and further revised to
focus on mathematics learning. Four and three items were employed
to measure mathematics enjoyment (0=0.846; 4 items; e.g.,

10.3389/fpsyg.2023.1050259

“Mathematics class makes me feel happy”) and anxiety (x=0.795; 3
items; e.g., “T am worried that mathematics class will be very difficult”),
respectively.

Procrastination

Four items were used to measure student procrastination in
mathematics learning (o= 0.854; 4 items, e.g., “I often put off finishing
my math homework”), which were adapted from the procrastination
scale in the study of Wolters (2003).

Background variables

Student gender (boy=0; girl=1), grade (Grade 4=1; Grade 5=2;
Grade 6 =3) and parent highest educational level (primary school =1;
secondary School =2; high school = 3; university =4; master’s degree
or above =5) were considered as control variables in the analysis.

Data analysis

Before formal analyses, we imputed missing values of included
variables using expectation maximization (EM) algorithm in SPSS
software (Version 25.0). Structural equation modeling (SEM) was
used to model the relation between students’ filial piety beliefs,
academic emotions, and procrastination. The comparative fit index
(CFI) > 0.90 (Bentler, 1990), the Tucker-Lewis index (TLI) > 0.90, and
the root mean squared error of approximation (RMSEA) < 0.08
(Browne and Cudeck, 1992) indicated acceptable model fit. Bootstrap
methods with 5,000 resamples were conducted to test the mediation
effects of academic emotions in the relation between filial piety beliefs
and procrastination (Hayes, 2013) using Mplus software (Version 8.0).

Results
Preliminary analysis

Results of descriptive statistics and correlations among
variables are shown in Table 1. Authoritarian filial piety was

TABLE 1 Descriptive statistics, correlations, and internal consistency of the main variables in this study.

RFP AFP En An Pr PE Gr SG
RFP 1
AFP 0.224%* 1
En 0.358%* 0.109%* 1
An 0.009 0.064* —0.126%* 1
Pr —0.227%%* 0.067%* —0.2607%* 0.236%* 1
PE 0.040 —0.162%%* 0.094%* —0.094%** —0.080%* 1
Gr —0.032 —0.2247*% —0.091%* 0.140%* 0.009 —0.066* 1
SG 0.034 —0.021 —0.040 0.103%* —0.108%* —0.075%* 0.038 1
M 4.595 3.547 3.967 3.345 1.646 2.540 1.957 0.517
SD 0.525 0.876 0.780 1.079 0.769 0.956 0.802 0.500
a 0.813 0.769 0.846 0.795 0.854 / / /

RFP, Reciprocal filial piety; AFP, Authoritarian filial piety; Enjoyment, En; Anxiety, An; Procrastination, Pr; PE, parental highest educational level; Gr, Grade; SG, Student gender. *p <0.05,

*##p<0.01.
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positively correlated with reciprocal filial piety (r=0.224, p<0.01).
Mathematics enjoyment had positive correlations with reciprocal
(r=0.358, p<0.01) and authoritarian filial piety (r=0.109,
p<0.01). Mathematics anxiety was positively related to
authoritarian filial piety (r=0.064, p <0.05). Procrastination had
positive correlations with authoritarian filial piety (r=0.067,
p<0.01) and anxiety (r=0.236, p<0.01) and had negative
correlations with reciprocal filial piety (r=—0.227, p<0.01) and
enjoyment (r=-0.260, p<0.01).

Structural equation modeling

The SEM results showed that the hypothesized model fit the data
well [X2(df) =529.101 (184), X*/df=2.876, RMSEA =0.036 with 90%
CI[0.032,0.039], CFI=0.969, TLI=0.962]. The factor loading of each
item was significant, ranging from 0.493 to 0.818. The variance
explained by the model was 0.165 for enjoyment, 0.056 for anxiety,
and 0.211 for academic procrastination, respectively.

As shown in Figure 1, reciprocal filial piety was positively
associated with enjoyment ( 8 =0.370, p <0.001). Authoritarian filial
piety was positively related to anxiety (f=0.126, p<0.001).
Academic procrastination was negatively predicted by both enjoyment
(B =-0.181, p<0.001) and reciprocal filial piety (8 =-0.229,
p<0.001). Authoritarian filial piety ( 8 = 0.140, p<0.001) and anxiety
(B=0.254, p<0.001) had with
academic procrastination.

a positive association

Mediation tests

We checked the potential mediating roles of academic emotions

in the relation between filial piety and procrastination via bootstrap
methods (see Table 2). The results indicated that reciprocal filial piety

10.3389/fpsyg.2023.1050259

had a direct negative relationship with student academic
—0.229, p<0.001; 95%CI [—0.300, —0.159]) and
—0.067, p<0.001; 95%CI [—0.098,
—0.040]). The authoritarian filial piety was positively related to
procrastination via anxiety (=0 .032, p=0.002; 95% CI [0.014,
0.054]). The direct positive effect of authoritarian filial piety on
procrastination was also significant ( f =0 .140, p<0.001; 95%CI
[0.076, 0.203]).

procrastination ( 8

indirect effects via enjoyment (

Discussion

The aim of this study was to examine the relations between
students’ filial piety and academic procrastination in mathematics
learning and the mediating role of mathematics enjoyment and
anxiety in the relations. Results were all consistent with our
hypotheses. We found that reciprocal filial piety had a direct positive
relationship with procrastination. A plausible explanation is that
students with reciprocal filial piety are more inclined to focus on
mastering knowledge and improving competence (Chen, 2016), which
can further minimize procrastination behaviors (Wolters, 2004). This
is consistent with King and McInerney’s (2019) findings that students
who had the desire to repay and support their parents tended to have
less disengagement. Another possibility is that students who are
grateful to their parents have a higher level of self-esteem (Yan and
Chen, 2018), which can prevent procrastination behaviors
(Hajloo, 2014).

As hypothesized, authoritarian filial piety was positively related to
procrastination in mathematics learning. Researchers have found that
students who endorse authoritarian filial piety tend to hold an entity
view of learning (i.e., intelligence is fixed and unchangeable; Chen and
Wong, 2014), which may in turn lead to more procrastination (Rickert
etal, 2014). Another plausible explanation is that students who focus
on gaining family honor and meeting parents’ requirements may

Reciprocal
filial piety
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TABLE 2 Standardized total effects, direct effect, and indirect effect on procrastination.

Point estimate

Bootstrapping BC 95%ClI

Standardized $ S.E. Lower Upper
Effects from RFP to Pr
Direct effects —0.2297%%* 0.036 0.000 —0.300 —0.159
Indirect effects
RFP-En-Pr —0.067%%* 0.014 0.000 —0.098 —0.040
RFP-An-Pr —0.005 0.008 0.494 —0.020 0.010
Total effects —0.301 %% 0.034 0.000 —0.369 —0.234
Effects from AFP to Pr
Direct effects 0.140%** 0.032 0.000 0.076 0.203
Indirect effects
AFP-En-Pr —0.005 0.007 0.453 —0.021 0.007
AFP-An-Pr 0.0327%* 0.010 0.002 0.014 0.054
Total effects 0.167%%* 0.033 0.000 0.101 0.230

RFP, Reciprocal filial piety; AFP, Authoritarian filial piety; Enjoyment, En; Anxiety, An; Procrastination, Pr. *#p <0.01, *#¥p <0.001.

worry about possible academic failure and adopt performance-
avoidance goals (Chen, 2016), and thus have more academic
procrastination (Wolters, 2004). Also, authoritarian filial piety may
be detrimental to the development of students’ individual autonomy
(Sun etal, 2019), which may hurt their intrinsic motivation (Ryan and
Deci, 2000) and thus lead to procrastination in the learning process
(Senécal et al., 1995).

We found that reciprocal filial piety beliefs were positively related
to students’ enjoyment of mathematics learning, indicating that
students who had the desire to repay and love parents experienced
more academic enjoyment. Students with reciprocal filial piety tend
to have higher levels of self-esteem (Yan and Chen, 2018), which may
further increase their academic enjoyment (Cheng and Furnham,
2003). Previous studies have found that students’ reciprocal filial piety
can promote their endorsement of mastery goals (Chen, 2016), which
further trigger their enjoyment of learning (Pekrun et al, 2009).
Another possible explanation is that students who endorse reciprocal
filial piety tend to have a close and intimate relationship with their
parents. These students may perceive more relatedness with their
parents. Based on self-determination theory, relatedness can foster
students’ intrinsic motivation (Niemiec and Ryan, 2009) and further
increase students enjoyment experience in the learning process
(Graéstén et al., 2012).

Authoritarian filial piety beliefs were found to have a positive
relationship with students’ academic anxiety, which is consistent with
previous studies (Yeh, 2006; Rahimi and Vallerand, 2021). It suggests
that students who emphasize family reputation and obey parental
authority tend to experience more anxiety. These students may worry
about the possible negative effects of academic failure on their families
(e.g., losing their parents’ faces, and failing to meet parental
expectations), which may lead to a higher level of anxiety in learning.
Previous studies have confirmed that authoritarian filial piety
increased students’ adoptions of performance-avoidance goals (Chen,
2016), which can trigger students’ experience of anxiety (Pekrun
et al., 2009).

Our findings revealed that students’ mathematics enjoyment was
negatively related to mathematics procrastination. If students
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experienced enjoyment in the learning process, they may tend to
continue pursuing the positive experience in the learning tasks, which
further facilitates academic engagement and avoid academic
procrastination. The negative relationships between positive emotions
and procrastination were also found by some previous researchers
(Balkis and Duru, 2016; Rahimi, 2019). For instance, Rahimi and

/allerand (2021) identified that students with positive emotions in
their studies tended to have less procrastination in their
academic assignments.

As hypothesized, students who experienced a higher level of
mathematics anxiety were more inclined to procrastinate in the
learning process. The close relationship between negative emotions
and academic procrastination was also confirmed in many previous
studies (Pychyl et al., 2000; Spada et al., 2006; Balkis and Duru, 2016;
Rahimi, 2019; Rahimi and Vallerand, 2021). When students perceived
anxiety in the learning process, they may delay the completion of
academic tasks to escape from the negative emotions evoked by
the assignment.

This study confirmed the mediational role of academic emotions
between filial piety beliefs and procrastination in mathematics
learning. Students who have gratitude to parents and hope to repay
parents tended to experience more enjoyment in the learning process
and further had less academic procrastination, while students who
focused on obedience to parents and maintaining family honor were
more likely to experience anxiety and thus engaged more in
academic procrastination.

Our findings have significant implications for educational
practices. Parents are suggested to establish intimate relationships and
affection with their children, which can develop children’s reciprocal
filial piety (Yeh et al., 2013) and further promote the experience of
positive emotions and reduce undesirable learning outcomes. Based
on the negative nature of authoritarian filial piety in students’
mathematics learning, parents need to avoid authoritarian parent—
child interactions and reduce parental control in family contexts.
Parents are suggested to create a democratic and harmonious family
climate, which can minimize childrens negative emotions and avoid
them from engaging in academic procrastination.
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Some limitations should be noted in the present study. First, this
study used a cross-sectional design, so the results cannot reveal
causality. Thus, caution should be made in explaining the findings in
this study. Longitudinal research design is needed in future studies to
check the causal relationship. Second, this study was only conducted
with a sample of primary school students from three schools in China.
The relationship between filial piety and academic emotions and
procrastination may vary across different regions and educational
levels. Further studies can check and expand our findings by
investigating students in other countries and regions and other grade
levels (e.g., secondary school and college). Third, this study only
collected students’ self-reported questionnaire data. Qualitative
research methods (e.g., interview and observation) are needed to
deeply explore the influence of filial piety on students’ mathematics
learning process and the potential reasons behind their relationship.
Fourth, the control variables in this study only include student gender,
grade, and parent educational level. In fact, students’ prior
mathematics achievement may significantly affect their emotion and
procrastination. However, the present study did not control the
influence of students’ mathematics performance when examining the
relationship between filial piety, emotions, and procrastination. Future
studies need to take students’ mathematics performance as a control
variable in the relationship.

Conclusion

This study confirmed the association between students’ filial
piety beliefs and mathematics procrastination and the mediating
role of mathematics enjoyment and anxiety in the association.
The results suggested that students with reciprocal filial piety
tended to have fewer procrastination behaviors. The reciprocal
filial piety triggered more academic enjoyment, which may
establish a protective mechanism against procrastination. We also
identified that students who endorsed authoritarian filial piety
were inclined to have more procrastination in mathematics
learning. Students with authoritarian filial piety experienced more
anxiety, which further led to more academic procrastination.
These results expand our understanding of the relation between
filial piety beliefs, mathematics emotions, and mathematics
procrastination, which helps to unpackage the role of filial piety
and academic emotions in Chinese students’ mathematics
learning process.
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Hands-on learning is proposed as a prerequisite for mathematics learning in
kindergarten and primary school. However, it remains unclear that whether
hands-on experience aids understanding of geometry knowledge for middle
school students. We also know little about the neural basis underlying the
value of hands-on experience in math education. In this study, 40 right-
handed Chinese students (20 boys and 20 girls) with different academic
levels were selected from 126 seventh-grade students in the same school,
who learnt "Axisymmetric of an lIsosceles Triangle” in different learning style
(hands-on operation vs. video observation). Half of them operated the concrete
manipulatives while the other half watched the instructional videos. The learning-
test paradigm and functional near-infrared spectroscopy (fNIRS) technique were
used to compare the differences in geometry reasoning involved in solving well-
structured problems and ill-structured problems. Behavioral results showed that
hands-on experience promoted students’ performances of geometry problem-
solving. Students with lower academic level were more dependent on hands-on
experience than those with higher academic level. The fNIRS results showed
that meaningful hands-on experience with concrete manipulatives related to
learning contents increased reactivation of the somatosensory association cortex
during subsequent reasoning, which helped to improve the problem-solving
performance. Hands-on experience also reduced students’ cognitive load during
the well-structured problem-solving process. These findings contribute to better
understand the value of hands-on experience in geometry learning and the
implications for future mathematics classroom practices.

problem-solving, geometry learning,
educational neuroscience, fNIRS

hands-on experience, embodied cognition,

Introduction

Problem solving is a process whereby learners use the knowledge and skills acquired
in the past to seek solutions in order to adapt to the needs of the situation (Kahney,
1993). According to Mayer (1998), problem-solving requires students to integrate problem
information and maintain mental images of the problem in working memory, and then
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estimate a reasonable answer and check to make sure everything
is accurate. Improving problem-solving performance from the
perspective of cognitive psychology has become a research problem
that many scholars and mathematics educators pay attention to
(Montague et al, 2014). Geometry curriculums in middle school
help students develop geometric intuition and promote spatial
reasoning ability. Success in geometry problem-solving is highly
correlated with students’ math academic achievement in school and
beyond (Krawec, 2014).

According to Compulsory Education Mathematics Curriculum
Standards (Ministry of Education of the People’s Republic of China,
2012, 2011th Edition) in China, students should have enough
time to experience observation, experiment, guess, calculation,
reasoning, verification, and other activities in math learning.
Mathematical experience needs to be gradually accumulated in
the process of doing and thinking. The Compulsory Education
Mathematics Curriculum Standards (2022 Edition) point out that
it is important to improve teaching methods by mathematical
experiments and visualize abstract mathematical knowledge to
promote students’ understanding of mathematical concepts and
construction of mathematical knowledge. There is accumulating
evidence to suggest that hands-on experience plays an important
role in math performance. Theories of embodied cognitive
hold that cognitive processes are deeply rooted in the body’s
interactions with the physical world (Wilson, 2002). According to
the theory of embodied mathematics (Giardino, 2018), touching
concrete manipulatives contributes to the formation of enriched
mental representations, which are beneficial for mathematical
learning. In other words, instruction should be more focused
on perception that emerge from dynamic interactions, such as
folding, drawing, measuring, or manipulating objects. Teachers
should encourage students to link these experiences to abstract
ideas, rather than concentrate purely on abstract rules (Pouw
et al, 2014; Novak and Schwan, 2021). From the viewpoint of
perceptual symbol system, the combination of visual, auditory
and tactual modalities enriches mental representation (Hutmacher
and Kuhbandner, 2018). Memory traces are better understood in
terms of sensorimotor encoding (Giardino, 2018; Palmiero et al,
2019), and thus may support the development of more complex
understandings (Novack et al., 2014; Kontra et al,, 2015; Stull et al,,
2018).

Hands-on experience is usually inspired by manipulative
materials (Swan and Marshal, 2010; Abrahamson and Sanchez-
Garcfa, 2016; Nathan and Walkington, 2017).
origami/paper folding, the number board game, counters,
Cuisenaire rods, Unifix cubes, paper money, pattern blocks,

For example,

base-10 blocks etc., are often used in the math classroom. A recent
study by Freina et al. (2018) found that digital games supported the
development and consolidation of visuospatial abilities in students
of the last 2 years of the primary school, and such a training
would have a positive impact on their mathematics performance.
Similar results were obtained by Otten et al. (2020). Fifth-grader
students in primary school who worked with the physical balance
model more often used advanced algebraic strategies and made
a larger improvement in their algebraic reasoning. Hands-on
experience blended within instruction was beneficial to understand
mathematics concepts and solve real-world problems. Additionally,
students who attending the hands-on activities were more likely
to recall their experience from a first-person perspective instead
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of a third-person observer. Shifting between perspectives helped
students enrich mental representations and develop a deeper
understanding, leading to greater learning gains (Smith, 2018).

However, some researchers dispute the presence of physicality
as a requirement and claim that hands-on experience is not always
beneficial in mathematics learning (Carbonneau et al,, 2013; Rau
and Herder, 2021). Thus, despite the ever-increasing researches on
embodied learning, there continues to be a need for understanding
children’s hands-on experience as it exists in classroom settings.

Firstly, do all students need hands-on experience in
mathematical learning? Referring to Boakes (2009) and Burte
et al. (2017), students in elementary schools and middle schools
took part in hands-on tasks, such as folding and cutting paper,
to develop spatial thinking from two-dimensional to three-
dimensional. Results showed that all students in elementary
schools improved performance on real-world math problems and
older students (Grades 5 and 6) improved performance on visual
and spatial math problems, while students in middle schools did as
well as they did without it. The effectiveness of hands-on activities
couldn’t be guaranteed, as age differences should be taken into
consideration. According to Piagetian theory, students have the
ability to form mental images of abstract concepts and process
mental operations of those images to solve mathematical problems
given after the age of 11. Some researchers hold the view that
hands-on experience wouldn’t enhance math problem-solving
at least from the fourth grade onward, for students who have
entered the formal operational stage and had the ability of abstract
thinking (for an overview see Brown et al., 2009; Carbonneau et al,,
2013). However, other researchers provide evidence that hands-on
experience brought by physical manipulatives promotes math
learning, regardless of the age of the student (Novak and Schwan,
2021). To fill this research gap, the present study is designed to
explore whether it is necessary to understand geometric knowledge
with the help of hands-on experience for students entering the
formal operational stage.

Secondly, does hands-on experience promote or hinder
mathematical learning? Researchers hold different
For mathematics learning that emphasizes abstract thinking
training, perceptual richness obtained by manipulatives has been
identified as a potential deterrent (McNeil and Uttal, 2009).
For example, 11-year-olds and undergraduate students transfer

views.

mathematics knowledge more successfully from abstract and
symbolic representations than from multiple concrete examples
(Kaminski et al, 2009). The perceptual experience that students
construct when manipulating objects is often specific to the
learning situations, making it difficult to transfer to other
contexts or to more abstract knowledge (Brown et al, 2009).
However, some researchers pick up the opposite view. As has
been discussed above, physical manipulation also can induce
psychological simulation of learning materials, which helps to
establish a relational link between perceptual experience and
abstract symbols, thus promote the development of mathematical
thinking with content “visualization” (Novak and Schwan,
2021) and facilitate knowledge retention and transfer (Rau
and Herder, 2021). Physicality becomes a cognitive anchor for
comprehending abstract knowledge during math learning (Pouw
etal., 2014).

Thirdly, how hands-on experience affect geometry problem-
solving? Based on the theory of embodied cognition, prior
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researches concerned about students’ conceptual learning (Pexman,
2017; Rau and Herder, 2021), science learning (Zacharia and
Olympiou, 2011), chemistry learning (Stull et al., 2018), physics
learning (Kontra et al, 2015), and discussed the mechanism
underlying the value of gestures or body movements in problem-
solving (Chu and Kita, 2011; Vallotton et al., 2015; Smith, 2018).
Few studies have focused on the impact of hands-on experience
on student’s geometric reasoning. Existing studies using functional
magnetic resonance imaging (fMRI) to examine the state of the
cerebral cortex during physical manipulation have found that,
compared with observational learning and mental simulation,
physical manipulation activates the sensorimotor areas of the
frontoparietal cortex to a greater extent, such as primary motor
Cortex, premotor cortex, somatosensory cortex, somatosensory
association cortex (Bellebaum et al,, 2013; Kontra et al, 2015).
Whether this is the case for the learning of geometric concepts is
unclear. At the same time, meta-analysis confirmed that the neural
mechanism of mathematical learning depends on the coordination
function of the left prefrontal cortex and parietal cortex area
(Artemenko et al,, 2019; Molina et al,, 2019). If the subject is right-
handed, physical manipulation of materials by the right hand and
arm consequently results in increased left hemisphere activation
(Casasanto, 2009, 2016; Jin et al,, 2020). Therefore, in this study, we
focused on the frontal and parietal areas of the left hemisphere to
explore the neural basis of hand-on experience affects the geometry
problem solving.

(fNIRS) is a
neuroimaging technique that uses near-infrared light to monitor

Functional near-infrared  spectroscopy
metabolic/hemodynamic changes related to neural activity.
Compare to other neuroimaging techniques, fNIRS is portable,
lightweight, less sensitive to motion artifacts (Bahnmueller et al,
2014; Quaresima and Ferrari, 2019), which represents a good
compromise in terms of spatial and temporal resolution. Moreover,
recent development of wireless fNIRS devices has opened the way
for new applications in educational neuroscience research, which
can be more sensitive and accurate in assessing cognitive function
in real-world tasks (Pinti et al., 2015; Soltanlou et al., 2018).

Most of the educational neuroscience research on the effects
of hands-on experience use electroencephalography (EEG) and
functional magnetic resonance imaging (fMRI). fNIRS imposes
fewer physical constraints than EEG and allows free movement in a
more natural environment than fMRI, which has great advantages
in brain imaging studies that require motor participation in
children and is suitable for use in real classroom settings (Piper
et al., 2014; Scarapicchia et al., 2017; Soltanlou et al., 2018).

Research objectives and research
questions

In the present study, we aim to investigate whether hands-
on experience is a prerequisite for geometry learning in middle
school. By hands-on, we talk about the actual and active touch of
concrete material related to learning contents under the guidance
of math teachers. The opinions on the effect of hands-on experience
on children’s math learning are inconsistent, especially for the
research focused on students entering the formal operational stage.
At the same time, math ability is bound to affect mathematical
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behavior and cognitive neural processes (Artemenko et al,, 2019).
But existing studies have different views on the structure of math
ability, and viewpoints on the assessment of math ability are also
inconsistent. Academic level can reflect math ability to a certain
extent (Dupeyrat et al, 2011; Weissgerber et al, 2022), so the
present study takes academic level as an important factor when
explores the impact of hands-on experience on geometry learning
in more detail (Artemenko et al., 2019; Rivella et al., 2021).

In summary, three questions direct this study.

Research Question 1: Does hands-on experience aid middle
school students’ understanding of geometry knowledge?

Research Question 2: Is hands-on experience more conducive
to geometry problem solving for high-achieving students or low-
achieving students?

Research Question 3: What is the neural basis underlying the
value of hands-on experience in math education?

Materials and methods

Participants

A total of 40 right-handed Chinese students (20 boys and 20
girls, Mage = 13.58 years, SD = 0.32) with different academic levels
were recruited from 126 seventh-grade students in the same school
in China, who had no prior instruction on related contents. Existing
studies have not been consistent in the division of academic levels,
such as the top 50% and bottom 50% of students in the class (Chang
and Hsin, 2021), or the top 25% and bottom 25% of students
(Sermier and Bless, 2013), or the top 20% and bottom 20% of
students (Chen et al,, 2017) are defined as high and low academic
levels, respectively. In order to eliminate the experimental error
caused by students with extreme grades, the average of the last two
math scores was converted into the standard score in the class.
The top 10-27% were defined as high academic level (standard
scores = 1.28, SD = 0.21), while the bottom 10-27% of the rankings
were defined as low academic level (standard scores = —1.24,
SD = 0.22) in our study. A total of 40 students were selected
and arranged into four conditions: A group of 10 students with
high academic level under operation condition (operation + H
condition), a group of 10 students with low academic level under
operation condition (operation + L condition), a group of 10
students with high academic level under observation condition
(observation + H condition), and a group of 10 students with
low academic level under operation condition (observation + L
condition). All students had normal or corrected-to-normal vision
and no brain disease. The students and their parents in this study
were provided written informed consent before participating in
this research and were awarded a present (about $10) for their
participation. The present study was carried out in accordance with
the ethical standards and requirements established by the local
ethical committee of our institute.

Experimental design

We used a 2 x 2 between-subjects design with the factors
hands-on experience (operation/observation) and academic level
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(high/low). The students of different academic level were randomly
assigned to operational condition and observational condition.
Dependent variables were the accuracy and reaction time for the
problem-solving tasks, as well as the changes of oxyhemoglobin
(HbO2) concentration in the left frontal and parietal cortex during
the learning process and problem-solving process.

Experimental tasks

Taking “Axisymmetric of an Isosceles Triangle” as learning
content, participants in the operation group turned and folded
the paper along the bisector of the top angle to explore the
properties of an isosceles triangle, and finally summarized the
main points of knowledge in 3-min. Participants in the observation
group watched a 3-min video lecture, without operating the
concrete manipulatives.

In educational psychology, a problem is a situation in which
there is some obstacle between the initial state and the goal state
that needs to be overcome. It can be divided into well-structured
). Well-structured
problems can be represented by a problem space consisting of

problem and ill-structured problem ( ,

well-defined initial states and goal states that are connected by
legal moves. In contrast, the initial states, the goal states and
the intermediate states of ill-structured problems are incompletely
specified. In this study, well-structured problems included 10
judgment tasks, of which two were practice tasks and eight were
formal tasks. For example, in AABC, if AB = BC, ADLBC,
then /BAD = /CAD, is it right? Students solved the problems
by interpreting and reasoning according to the properties of
triangles. Stimuli were randomly presented. Ill-structured problem
emphasized the application of knowledge in real life, which tested
the participants’ abilities to transfer. The problem was as follows: A
worker encountered a problem when building a house. He wanted
to know whether the beams of the house were horizontal? An old
man solved the problem using an isosceles triangle and a plumb bob
tied with a string. The worker didn’t know the reason. How about
you?

The well-structured tasks and ill-structured tasks were
developed by math teachers in middle school. The well-structured
tasks were selected from after-school practices consistent with
the learning content. The ill-structured tasks came from the
mathematics textbook of eighth grade. The materials were drawn
using Auto-CAD software (see ).

Experimental procedure

The participants were tested individually in a dimly lit and
noise-free room in the middle school. The lighting is particularly
important, given that bright light can affect {NIRS signals (

, ). Each participant was seated approximately 70 cm
in front of a 21-inch computer monitor (refresh rate 60 Hz,
1,920 x 1,080 resolution) and worn an fNIRS helmet throughout
the tasks.

The learning process lasted 3 min. Instructions for the
operation group were: “Welcome to our experiment. For the next
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3 min, you can fold the isosceles triangle paper beside your hands to
explore the nature of an isosceles triangle. If you’re ready, and we'll
start.” The instructions for the observation group were: “Welcome
to this activity. For the next 3 min, please watch the video lecture
carefully, with no gesture or body movement. If you're ready, and
well start.”

After a 5-min rest, the participants solved the problems. As to
the well-structured problem, each trial began with a red fixation
cross in the center of the screen for 1 s, followed by the stimulus.
When the response was given, the next trial started automatically.
There were eight trials in total. As to the ill-structured problem,
participants thought for 40 s, then answered verbally. In order to
exclude the influence of the experimental sequence, half of the
participants solved the well-structured problems first and then the
ill-structured problems, while the other half of the participants
did the opposite.

This research lasted about 30 min for each participant. The
chart of the experimental procedure was shown in

Data recording

Behavioral data were captured using the E-Prime 3.0
(Psychology Software Tools).! The software tool recorded
information on accuracy and response times in well-structured
tasks. The answers of ill-structured tasks were recorded with
Further,
middle school were asked to independently rate each subjects

a voice recorder. three mathematics teachers in
answer with a score ranging from 0 to 10. The average score
determined the subject’s final score on the task. The scorer
reliability was 0.86.

We used LIGHTNIRS system (Shimadzu Corp., Kyoto, Japan)
with three wavelengths of near-infrared light (780, 805, and
830 mm) to record the absorption changes of oxyhemoglobin
(HbO,), deoxyhemoglobin (HbR) and total-hemoglobin (total-
Hb). A total of 20 measurement channels (eight sources, eight
detectors, source-detector distance was 25.00 mm on average) in
a fNIRS helmet covered the prefrontal and parietal cortex in the left
hemisphere (see and ).

In order to determine the anatomical areas underneath the
channels, the 3D localizer (FASTRAK, Polhemus, Colchester, VT,
USA) were utilized to confirm the positions of CZ, NZ, Al, AR,
and the probes. The coordinate of the channels was positioned and
aligned with the automatic anatomical labeling (AAL) atlas and

Brodmann’s area (BA) in SPM software. See for details.

Data analysis

Two-way analysis of variance (ANOVA) was conducted on the
accuracy (ACC) and response time (RT), to determine whether
there were significant differences between the four different
conditions in well-structed problem solving tasks. As to ill-structed
problem, ACC was analyzed.
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(A) Learning content, axisymmetric of an isosceles triangle. (B) An example of well-structured problem. (C) Ill-structured problem. (D) Experimental

scenario. See the text for additional details.
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FIGURE 2
Experimental procedure.
Functional near-infrared spectroscopy data analysis was carried ~ blood flow ( ) s R ), to assess

out using NIRS_SPM software ( R ) and matlab2014a
(MathWorks, Natick, Ma, USA). Modified Beer-Lambert law was
used to transform measured optical densities into hemoglobin
concentration. For each channel, the original fNIRS data were low-
pass filtered and high-pass filtered through wavelet-based methods
of hemodynamic response function (HRF) and Discrete Cosine
Transform (DCT) with a cutoff period of 128 s to remove motion
artifacts and physiological noise induced by heartbeat, breathing
cycle and low frequency oscillations of blood pressure ( ,

; R ). The mean changes in HbO, and HbR
concentration were obtained using the last 30 s of the resting
state before the beginning of the task as a baseline. Finally, the
general linear model (GLM) was used to calculate the individual
B values for each channel, participant, and task. We focused on
HbO,, which has the highest sensitivity to changes in cerebral
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the participants’ brain activation. All the results were corrected
using the false discovery rate (FDR), and the adjusted significant
level of p-value was set at 0.05 ( R ). With the
), two-dimensional
plane images were output to display the location of activated brain

help of EasyTopo toolbox ( ,

regions.

Considering that behavior results need to correspondence to
NIRS data, two participants had to be excluded because they didn’t
follow the instructions properly or because of technical problems in
response recording. Math standard scores were analyzed by 2 x 2
ANOVA. There were significant differences between academic
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Optical probe positions.

level [F(1,34) = 613.00, p < 0.001, n?, = 0.95] but not hands-on
experience [F(1,34) = 0.01, p > 0.05], and no significant interaction
effect was found [F(; 34 = 0.13, p > 0.05]. It meant that the
manipulation of variables was still valid.

TABLE 1 Positions of the fNIRS channels.

10.3389/fpsyg.2023.1126047

Behavioral results

Well-structured problem-solving

A two-way ANOVA with hands-on experience and academic
level as between-subjects factors, showed a significant main effect of
the hands-on experience on the accuracy [F(1,34) = 4.34, p = 0.045,
nzp =0.11, 95% CI: 0.53~0.73] and reaction time [F(1,34) = 4.39,
p=0.044,1?, =0.11,95% CI: 6847.76~8273.06]. The main effect of
academic level was also significant on the accuracy [F(1,34) = 6.04,
p = 0.019, 0%, = 0.15, 95% CI: 0.53~0.74] and reaction time
[F(1,34) = 9.85, p = 0.004, n?, = 0.23, 95% CI: 6687.32~8411.80].
Interaction effect between hands-on experience and academic level
was not found, suggesting overall a consistent trend in learning
gains between the conditions.

Ill-structured problem-solving

We only recorded the accuracy of ill-structured problem-
solving, and analysis of variance showed that both hands-on
experience [F(1,34) = 2231, p < 0.001, n2P = 0.39, 95% CI:
3.98~6.40] and academic level [F(1,34) = 90.90, p < 0.001,
n2P =0.73, 95% CI: 3.22~7.18] had significant main effects. There
was a significant interaction effect between hands-on experience
and academic level [F(1,34) = 5.37, p = 0.027, n?, = 0.14, 95% CI:
4.17~7.73]. Further simple effect analysis found that, for those with
low academic level, the accuracy of the operation group was higher

Channels
Region (L) Coverage ratio Region (L) Coverage ratio
Chl —18 —44 78 SPL 0.46 5-SAC 0.77
Ch2 27 —57 72 SPL 1.00 7- SAC 0.94
Ch3 —24 —66 68 SPL 0.97 7- SAC 1.00
Ch4 —24 26 75 PCG 0.60 4-PMC 0.78
Chs -33 —45 72 SPL 0.69 5-SAC 0.59
Chsé —34 -57 69 SPL 0.94 7- SAC 0.85
Ch7 29 —68 64 SPL 1.00 7- SAC 1.00
Chs —40 —28 70 POCG 0.68 4-PMC 0.62
Ch9 —42 —44 66 PL 0.42 40- Wernicke’s 071
area

Ch10 —40 —58 63 SPL 0.59 7- SAC 0.61
Chll -22 53 41 SEG 0.83 9- DLPEC 0.87
Ch12 —45 36 37 MEG 0.94 9- DLPFC 0.59
Ch13 —56 11 37 MFG 0.72 9- DLPFC 0.66
Ch14 -10 66 28 SFG 0.57 10- FPC 0.92
Chl5 -38 56 24 MFG 0.96 10- FPC 0.90
Chlé -53 36 21 IFGtriang 0.83 46- DLPFC 0.92
Chl17 —63 6 28 MFG 0.47 44- Broca’s area 0.86
Ch18 26 68 10 SFG 0.86 10- FPC 1.00
Ch19 —46 53 5 MFG 0.53 10- FPC 0.65
Ch20 —57 31 9 IFGtriang 1.00 45- Broca’s area 0.64

The location data listed in this table is the area with the greatest coverage probability. SPL, superior parietal lobe; IPL, inferior parietal lobe; POCG, postcentral gyrus; SFG, superior frontal
gyrus; MEG, middle frontal gyrus; IFGtriang, Inferior frontal gyrus, triangular part; DLPFC, dorsolateral prefrontal cortex; SAC, somatosensory association cortex; PMC, primary motor cortex;

FPC, frontopolar cortex.
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TABLE 2 Behavioral performance of problem-solving tasks.

Measures Well-structured IW-structured

(n = 38) problem-solving problem-solving
Accuracy | Reaction Accuracy

time (ms)

Operation + H 0.72(0.11) | 6882.79 (844.43) 7.10 (0.74)

condition

(n=10)

Operation + L 0.63 (0.15) 7615.17 (858.01) 4.80 (1.23)

condition

(n=10)

Observation + H | 0.65 (0.10) 7316.28 (957.40) 6.33(0.71)

condition (n=9)

Observation +L | 0.54 (0.11) | 8383.99 (875.25) 2.56 (1.13)

condition (n=9)

H, high academic level; L, low academic level.

than that of the observation group [F(1,34) = 20.79, p < 0.000,
n?p = 0.31], with no significant difference in high academic level
students [F(1,34) = 2.89, p = 0.098]. The accuracy of high-achieving
students was higher than low-achieving students, both in the
operation group [F(1,34) = 27.48, p < 0.000, nzp = 0.45] and in
the observation group [F(1,34) = 66.73, p < 0.000, nzp = 0.66].
Descriptive data are shown in Table 2.

Functional near-infrared spectroscopy
results

We analyzed the HbO, data in all 20 channels measured
by fNIRS (see Figure 4). During the learning process, the
result demonstrated that the main effects of hands-on experience
were significant in SAC [Ch5: F(1,34) = 9.94, p = 0.030,
1%p = 0.23, 95% CI:—0.002~0.012] and PMC [ChS8: F(,34) = 14.02,
p = 0.020, 1%, = 029, 95% CL:—0.002~0.014]. A significantly
greater activation was founded in the operation group than
in the observation group. The main effect of academic level
was significant in DLPFC [Ch13: F(1,34) = 12.75, p = 0.020,
nzp = 0.27, 95% CI:0.004~0.013]. HbO, variations in the low-
achieving group were significantly higher than that in the high-
achieving group. Interaction effect between hands-on experience
and academic level was significant in SAC [Ch10: F(1,34) = 10.83,
p = 0.040, 1%, = 0.24, 95% CI:—0.002~0.011]. Further simple
effect analysis illustrated that for those with low academic level,
a significant increase of HbO, concentration was observed in
Ch10 [F(1,34) = 15.43, p < 0.000, nzp = 0.31] in the operation
group compared to the observation group. No significant difference
between the learning conditions was found in high-achieving
students. Meanwhile, the HbO, variations in the high-achieving
group were significantly higher than that in the low-achieving
group in Ch10 [F(1,34) = 13.05, p = 0.001, n?, = 0.28] in the
observation group, with no significant difference in the operation
group.

During the problem-solving process, for the left SAC, the
results demonstrated that the main effects of the hands-on
experience were significant both in the well-structured problem-
solving tasks [Ch5: F(1,34) = 9.80, p = 0.04, nzp = 0.22, 95%
CI:0.002~0.010; Ché: F(1,34) = 11.57, p = 0.04, TIZP = 0.25, 95%
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FIGURE 4
Brain activation images during the learning process and
problem-solving process.

CI:0.001~0.010] and in the ill-structured problem-solving tasks
[Ché: F(1,34) = 12.22, p = 0.020, Y]zp = 0.26, 95% CI:0.002~0.010;
Ch7: F(1,34) = 1221, p = 0.010, 0%, = 0.15, 95% CI: 0.002~0.010].
A significantly higher activation in the operation group than in
the observation group. No other significant effects were discovered
(ps > 0.05). For the left DLPFC, the main effects of hands-
on experience and academic level were significant in the well-
structured problem-solving tasks (ps < 0.05). HbO; variations in
the low-achieving group were significantly higher than that in the
high-achieving group [Ch13: F(1,34) = 12.58, p = 0.02, 0%} = 0.27,
95% CI:0.003~0.008]. HbO, variations in the observation group
were significantly higher than that in the operation group [Ch11:
F(1,34) = 10.36, p = 0.02, 1%, = 0.23, 95% CI:0.001~0.011].

The relationship between brain activity
and behavioral performance

Based on the fNIRS results, we concerned the brain regions of
interest (ROI) correspond to the following Brodmann divisions:
left SAC(Ch1,2,3,5,6,7,10), left DLPFC(Ch11,12,13,16), and HbO,
concentration is averaged between channels in each ROI before
statistical analysis.

Pearson’s correlation analyses revealed a
correlation between the left SAC activity and problem-solving
performance. The activation in left SAC was positively correlated
with the accuracy (r = 0.448, p = 0.005) and negatively correlated
with the reaction time (r = —0.441, p = 0.006) of well-structured

problem-solving. Moreover, the activation of left SAC was

significantly

positively correlated with the quiz score of ill-structured problem-
solving (r = 0.470, p = 0.003). Obtaining this result proved that the
extent of the sensorimotor brain system’s involvement caused by
hands-on experience is related to geometry reasoning.
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Pearson’s correlation analyses also revealed that the activation
in left DLPFC was positively correlated with the reaction time
of well-structured problem-solving (r = 0.432, p = 0.007), and
negatively correlated with the quiz scores of ill-structured problem-
solving (r = —0.471, p = 0.003).

In the present study, we demonstrated positive effects of hands-
on experience on geometry knowledge acquisition in middle-
school. The knowledge of properties of the isosceles triangle was
implemented in two different ways (hands-on operation vs. video
observation). Students’ geometry reasoning was examined through
solving well-structured problem and ill-structured problem.

Our results showed that students who gained the knowledge
of “properties of isosceles triangle” by hands-on operation
outperformed students who observed the same phenomena, both
in well-structured problem-solving tasks and in ill-structured
problem-solving tasks, indicating the beneficial role of hands-
on experience in geometry learning. More importantly, hands-
on experience improved the students’ performance across ability
levels. Therefore, it could be reasonably against the viewpoints
that both perceptual and interactive richness of instructional
manipulatives would hinder symbolic inferences and compromise
application of knowledge to new situations, thus resulting in lower
learning outcomes ( , ; , ;

, ). These results supported the findings of
( ) in physics learning, (
and (
on experience tied to the to-be-learned content could promote

) in chemistry learning,
) in science learning. Hands-

learning, even if learners have already had the ability to think
abstractly.

However, our main interest was how hands-on experience
enhance student’s mathematics learning. Consistent with many
previous studies, the operation group explored the characteristics
of the isosceles triangle by folding and turning the paper, thus
increasing the activation of the primary motor cortex (

learning, hands-on operation

). Compared with observational
required the integration of
vision, haptics and other sensory information, and made the
somatosensory association cortex activated. Later on, SAC
reactivated during well- structured and ill-structured problems
solving, contending that memory traces capture and reflect
the perceptual components of past experience. Such evidences
supported the reactivation hypothesis ( s ; R
), which amounted to the idea that memory trace consisted in a
reactivation of the same sensorimotor regions initially activated in
its perception. Similar results were obtained by ( ).
Activation in SAC was also positively correlated with performances
in problem solving. Our findings offered a possible explanation for
how hands-on experience enhanced understanding of geometry
knowledge. Hands-on operation (relative to observation) increased
activation of sensorimotor systems important for representing
and processing geometry terms. This activation, in turn, enhanced
understanding of the torque and isosceles triangle (as assessed via
our quiz).
Math ability affects mathematical problem-solving ( ,
s ) ). This study further obtained
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consistent results that students with high academic level
outperformed the students with low academic level in problem-
solving tasks. In addition, recent studies have consistently suggested
that activation in left DLPFC scales linearly with mental workload
( . ; , ), and DLPFC activity
also increased during mental effort anticipation of hard tasks as
). In this study, left
DLPFC activated significantly higher in the low-achieving students

compared to easy tasks ( ,

than in the high-achieving students during the learning process
and well-structed problem-solving process, no matter in which
learning style (both hands-on operation and video observation),
indicating that low-achieving students got more mental workload
in geometry learning. Left DLPFC activated significantly higher
in the observation group than in the operation group in the
well-structed problem-solving tasks, which implied that hands-on
operation served to off-load the demand of reasoning in the mind
on to external objects ( , ), and thus supported the
development of more complex understandings and improved
geometry problem-solving. Recent psychophysical studies have
provided evidence that each modality (visual, auditory, tactual)
has its own working memory. If multiple modalities are employed
compared to the use of a single modality for a same amount of
information, the cognitive capacity increases and thus the cognitive
load is reduced ( , ).

Hands-on experience can reduce the difference of problem-
solving ability formed by academic level. When solving the ill
structured problems that come from real life situations and require
the participation of advanced cognitive processes, students with low
academic level in the operation group outperformed those in the
observation group. However, for those with high academic level,
there was no significant difference. This result indicated that hands-
on experience was more conducive to students with low academic
level in geometry problem-solving.

In line with these findings, this would open the way for
classroom practices. We can provide concrete manipulatives and
meaningful operations in mathematics classroom, especially when
students with lower academic level start to learn geometric
knowledge. However, this is not to say that geometry reasoning
only involves perception, but to recognize that sensorimotor
information with the physical world is an integral part of learning,
which has been neglected ( , )-

The present study is a preliminary attempt to investigate the
effect and the neural basis underlying the value of hands-on
experience in geometry learning in middle school. We tried to
bring educational neuroscience methods to geometry learning, and
bridged the gap between neuroscience and mathematics education
( .
in the school setting, chances and limitations exist in the current
study should be noted. First, fNIRS has the potential to be used
in the natural environment ( s

). Focusing on our experiences with NIRS

), thus future
research can be extended to real classrooms. Second, the small
sample size and recruitment from one middle school may limit
external validity. Future studies with more participants should be
conducted. Finally, this study discusses the influence of hands-on
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experience on geometry learning. Subsequent studies can extend
learning contents to algebraic problem solving.

In summary, our findings indicated that hands-on experience
improved geometry problems-solving performance for middle-
school students. Hands-on operation caused the activation
of the primary motor cortex and somatosensory association
cortex during the learning process. Somatosensory association
cortex was reactivated again during problem solving, which
could effectively support geometry reasoning. Students with
low academic level were more dependent on sensorimotor
experience generated by perceptual and interactive richness
of manipulatives.
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Cognitive diagnosis and
algorithmic cultural analysis of
fourth-grade Yi students’
mathematical skills in China: A
case study of several primary
schools in Puge county,
Liangshan prefecture

Hong Zhang*, Shuang Ye and Lingke Shi

School of Mathematical Sciences, Sichuan Normal University, Chengdu, China

The Liangshan Yi Autonomous Prefecture is the largest area in China inhabited by
the Yi people, and the original Yi characteristics and culture are well maintained.
The Yi also have a high degree of ethnic and cultural intermingling with
Tibetans, Han and other ethnic groups. The level of mathematical abilities directly
determines the quality of mathematical learning of Yi students. Primary four is
the stage of “concrete operations,” and is a critical point in the development
of mathematical symbolic awareness. In this study, the geographical location
of the school and the financial income of the township in which the school is
located were used as the basis for sampling, and the DINA model was used to
diagnose the mathematical ability of fourth grade students in three rural Yi primary
schools in Puge County. The study found that there was individual variability in
the mathematical abilities of fourth grade Yi students, with 21 different types of
cognitive error patterns identified, the main ones being five. In addition, the state
of knowledge of fourth grade Yi students in arithmetic revealed that their overall
level of mathematical ability was low, showing a lag, with none of the knowledge
attributes of arithmetic being fully mastered. Cultural differences between the
Chinese and Yi languages contribute to the difficulties that Yi students have
in learning mathematical operations, including differences in understanding the
place value system, zero, decimal expressions, and differences in the perception
of multiplication and division. The above research can inform the implementation
of targeted remediation for teaching and learning.

Chinese Yi ethnic group, mathematical ability, cognitive diagnosis, DINA model,
algorithmic culture
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Introduction

Problem statement

There are 55 ethnic minorities among China’s 56 ethnic groups.
Yi is one of the ethnic minorities who still use their own language
and characters, distributed in Sichuan, Yunnan, Guizhou and other
places. Liangshan Yi Autonomous Prefecture is the largest Yi
settlement in China, located in the south of Sichuan Province,
China, with more than 1.8 million people, which is a key area in the
fight against educational poverty. Mathematical operation ability is
the most basic ability in mathematics, in accordance with the needs
of society and the requirements of educational development, the
content and training requirements for the teaching of number and
calculation in curriculum standards are constantly being improved
in and outside China. The fourth grade of primary school is the
transition period from the lower to the upper grades. This is the
period when reversible thinking is formed, a sense of conservation
of concepts can be developed, and concrete logical reasoning can be
made. The fourth grade is also a critical point in the development
of mathematical symbolic awareness, as students begin to move
from empirical to theoretical thinking (Zhu and Ma, 2018). The
level of mathematical operation ability directly determines the
quality of Yi students’ learning in mathematics. Studies have
shown that the overall trend of Chinese students’ mathematical
ability is weakening (Zhou, 2011), while in Sichuan Province, the
primary school students who have difficulties in arithmetic are
mainly located in rural areas and Yi ethnic groups (Zhang et al,
2009).

Since ancient times, due to the existence of natural barriers
such as mountains, rivers and gullies in Liangshan area, compared
with Yunnan and Guizhou, the characteristics and cultural original
ecology of Yi people in this area are well maintained. At the
same time, Liangshan area is within the “Tibetan-Yi-Corridor,
which is the necessary place for the ancient “Southern Silk
Road.” Yi people have more cultural blending with other ethnic
groups, such as Tibetan and Han. Culture has a fundamental
impact on mathematics education, and the level of mathematical
ability contains the elements of algorithm culture. Therefore, it
is necessary to analyze the Yi algorithmic culture based on the
cognitive diagnosis of mathematical ability of the fourth grade Yi
students in Liangshan Prefecture, Sichuan Province, China.

Literature review

Research on the mathematical ability of ethnic minority
students is divided into three main categories. The first concerns
using indicators such as correctness and frequency to portray
students’ arithmetic ability. For example, Zhou et al. (2010)
portrayed the school readiness of children in Guangxi Zhuang
Autonomous Region (GZAR) using the number frequency index,
which differed from that of children of Han ethnicity. Zuo and Tao
(1994) used the question correctness index to study the current
state of the arithmetic ability of 7 to 8-year-old Han and Dai
students. It was found that the language barrier of Dai children
made arithmetic more difficult. The second regards cross-cultural
comparison by means of difference analysis. For example, Zhou
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et al. (2005) compared the development of arithmetic ability in 9-
12-year-old Wei and Han students and found that Wei children are
lagging behind by 3 years. Lu (2004) pointed out that, compared
to spatial imagination and reasoning skills, the highest average
score for “Wei Wei,” “Wei Han,” and “Han Han” students was
in arithmetic skills. Xia (2001) compared the arithmetic ability of
Buyei and Han students and showed that Han students have better
arithmetic ability than Buyei, and the more Han students there are,
the stronger the students’ arithmetic ability. The third concerns
analysis of students’ types of arithmetic errors. For example, He
et al. (2020) found that primary school students in South Xinjiang
mainly showed conceptual errors in arithmetic, and the main cause
was that they did not understand the algorithm and arithmetic of
complex operations, the meaning of the place value system, and
the like.

The first two types of research pay more attention to the
accuracy and scoring rate of the questions, which are general test
scores of the subjects and do not provide more detailed diagnostic
information. The third kind of research analyzes the causes of
the errors in the algorithm and arithmetic of ethnic minority
operations. It can also further analyze the influence of ethnic
minority culture on the algorithm.

Research questions

In this study, we take fourth grade rural Yi students in
Liangshan Prefecture, China as the object of study, conduct
diagnosis and
mathematical ability, provide reference for the implementation

cognitive algorithmic cultural analysis on
of targeted remedial measures in teaching, and advocate the
pluralistic interaction of various ethnic cultures, leading to the
conscious acceptance of cultural identity and citizenship by ethnic
students (Da, 2019). Specifically, the following two research
questions guided this study: (a) What is the knowledge state of
arithmetic of the fourth grade Yi students in Liangshan Prefecture?
(b) What are their mastery of arithmetic attributes and related

cultural factors?

Materials and methods

Sample selection

Since the level of economic development has a significant
positive correlation with educational input (Cai and Zheng, 2013),
the economically underdeveloped Puge County was selected as the
study area based on the monthly reports of the prefecture-wide and
county and city gross domestic product of Liangshan Prefecture
in the past 5 years. Puge County has a registered population of
219,000, of which 189,000 are Yi, accounting for 86.3%. It is a
county inhabited by 24 ethnic minorities, mainly Yi, Han, and Hui.
The 2017-2021 monthly reports of the statewide GDP of Liangshan
Prefecture show that Puge County’s GDP is ranked the 14th to 16th
among the seventeen counties and cities in the prefecture!, with

1 Statistics based on data published by the Liangshan Yi Autonomous
Prefecture Bureau of Statistics for 2017-2021.
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a low level of economic development, insufficient investment in
education, and relatively weak teaching resources.

Using a stratified sampling method, taking the geographical
location of the school and the economic development of the
township where the school is located as the sampling basis. All
fourth grade students from three schools in three townships
were selected as the sample from 34 primary schools in Puge
County?, with a total of 7 classes and 312 fourth grade students,
all of Yi ethnicity. The subjects had learned about addition,
subtraction, multiplication, and division of integers and addition
and subtraction of decimals before the test, which lasted 40 min. In
all, 273 valid data were collected, including 82 from G school, 87
from Y school, and 104 from L school ( ).

Testing tools

Psychological and educational measures included the following
instruments: classical test theory (CTT), item response theory
(IRT), and cognitive diagnostic theory (CDT) ( ,

). CTT only provides total test scores, merit rates, pass rates,
or level classification specifics, and is concerned with student
performance or where students’ current level. The main purpose
of IRT is to position subjects on a trait (e.g., academic achievement,
spatial ability) scale (an instrument that portrays size, how much),
that is, to give an ability value, and to select and place them
accordingly. They both consider the psychological trait being
measured as a “statistical structure” with no clear psychological
meaning, and aim to give a holistic assessment of the individual
at a macro level, assigning a value that indicates a position on a
unidimensional, linear, continuous system of measures ( R

; R ). CTT and IRT measurement theories focus
on the results of test scores, and although they have the advantage
of providing a macro-level assessment of students’ overall ability
levels, they do not provide the underlying knowledge structures
behind the scores. Therefore, a cognitive diagnostic approach in
a micro sense was used to test the mathematical ability of Yi
fourth graders, emphasizing the combination of macro ability
level and micro cognitive level assessment, providing the hidden
knowledge structure status and cognitive attribute distribution
behind the scores through the subjects’ responses, and explaining
the reasons for the subjects’ errors ( > )
thus providing targeted remediation instruction.

Testing method

The test framework for cognitive diagnosis consists of two
parts: the development of the test instrument and the test, and
the use of the test instrument and the interpretation of the

results ( , ). It is necessary to first identify the cognitive

2 According to the 'Directory of Schools in Puge County’ published by the
People's Government of Liangshan Yi Autonomous Prefecture in 2022.
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attributes of mathematical operation skills and their hierarchical
structure ( , ) to guide the development of the
test paper. Since the mathematical skills of fourth graders are
an overall representation of the arithmetic knowledge learned in
grades 1 to 4, the arithmetic content of primary school mathematics
textbooks from grades 1 to 4 was first analyzed, which mainly
included addition, subtraction, multiplication, and division of
whole numbers and decimals. In-depth discussions with four
current primary mathematics teachers resulted in the identification
of 10 cognitive attributes of fourth-grade students’ mathematical
skills ( ).

After determining the cognitive properties, it was necessary
to classify the 10 mathematical operation properties extracted
above into their hierarchical structure. The history of mathematical
development shows that different categories of operations are
formed and developed gradually from simple to complex, concrete
to abstract, and low to high level. Therefore, the knowledge and
mastery of operations must also be progressively ordered and
hierarchical ( s ; s ). Students were asked
to elaborate their arithmetic processes in the form of oral reports,
and the opinions of current mathematics teachers were sought to
delineate the cognitive order of the above 10 arithmetic attributes,
and then to verify the rationality of the attribute hierarchy using the
hierarchy consistency index (HCI) values in cognitive diagnostic
( , ; R ). The final hierarchical
relationship diagram of the attributes of mathematical operations
knowledge for grades 1 to 4 was determined ( ).

Development of the test instrument

First, the preparation of the test instrument requires the
determination of the reachable matrix R describing the hierarchical
structure of attributes of mathematical operation ability, which
reflects all relations between cognitive attributes, including direct,
indirect, and self-relations. It is a prerequisite for achieving an
accurate diagnosis of each attribute. According to the reachable
matrix R, with the help of the expansion algorithm, it is possible
), that is,
all test question types that satisfy the relationships of the attribute

to obtain the ideal measurement model ( R

hierarchy.

The reachable matrix R cannot be obtained directly through
the attribute hierarchy relationship graph, but it can be obtained
with the help of graph theory knowledge. First, the adjacency
matrix A corresponding to the mathematical operation knowledge
attribute hierarchy relationship graph is given, based on the
Boolean algorithmR = (A + I)", where I is the unit matrix, and
then flexCDMS software is used to obtain the reachable matrix R.
With the increasing number of n inR = (A 4 I)", when the value
of R is stable and constant, then R is a reachable matrix ( )-

Once the reachable matrix R is obtained, 71 test question types
that satisfy the structural relationship of the attribute hierarchy can
be obtained using the expansion algorithm. When the test question
types contain the reachable matrix R, it is possible to accurately
diagnose each knowledge attribute to be examined, making the
examination of the attributes structurally valid ( , ).
Of the 71 question types, only 10 overlapped completely with the
R matrix. The initial test prepared 43 questions based on the 10
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TABLE 1 Sample selection.

10.3389/fpsyg.2023.1110950

School Location Annual revenue of the township where the Effective sample size
school is located (million)

G Scenic area 380 82

Y General township 136 87

L General township 283.5 104

TABLE 2 Attributes of mathematical ability.

TABLE 3 R matrix under attribute hierarchy relations.

Al In-table multiplication (1-digit by 1-digit) Al 1 1 1 0 0 1 1 1 0 0
A2 Multiplying multi-digit numbers by 1-digit integers A2 0 1 0 0 0 1 1 0 0 0
A3 Division of whole numbers with 1-digit divisors A3 0 0 1 0 0 0 0 1 0 0
A4 Adding whole numbers up to 10,000 A4 0 1 0 1 0 1 1 0 1 0
A5 Subtraction of whole numbers up to 10,000 A5 0 0 1 0 1 0 0 1 0 1
A6 Multiplying 2-digit numbers by 2-digit integers A6 0 0 0 0 0 1 1 0 0 0
A7 Multiplying 3-digit numbers by 2-digit integers A7 0 0 0 0 0 0 1 0 0 0
A8 Dividing whole numbers with 2-digit divisors A8 0 0 0 0 0 0 0 1 0 0
A9 Decimal addition A9 0 0 0 0 0 0 0 0 1 0
Al0 Decimal subtraction A10 0 0 0 0 0 0 0 0 0 1

FIGURE 1
Hierarchical relationship of knowledge attributes of mathematical
operations.

question types in the R matrix, and after eliminating 7 questions
with low discrimination, 36 questions were finally formulated.
Typically, test questions should be developed to enable multiple
measures of each attribute, so that each attribute is measured at least
three times (Tu et al., 2012).

Second, the Q-matrix describing the relationship between the
questions and cognitive attributes of the whole paper needs to
be obtained (Tatsuoka et al, 1995). The Q matrix corresponding
to the 36 questions shows whether the attribute was examined
for each question, where 1 is examined and 0 is not examined
(Lawrence and DeCarlo, 2012; Feng et al., 2014; Table 4). Thus, the
Q matrix was obtained for all test questions that satisfy the R matrix.
The test questions were selected from the 2014 to 2020 Liangshan
Prefecture 4th grade 