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The no-subgoal-worked examples and the subgoal-worked examples are “one problem
and two solutions.” Previous studies have found that the effect of subgoal-worked
examples learning is better than that of no-subgoal-worked examples. However, there
is still ambiguity around the subgoal-worked examples learning effect and mechanism
of the subgoal labeling form. To address this issue, the current study recruited a
total of 130 Chinese children (Mage = 8.78 years) to mathematical online learning
under different worked example forms. The results revealed that, as compared with
the no-subgoal-worked example, the subgoal-worked example increased primary
school students’ working memory resource depletion. However, it did not improve
their scores. Moreover, as compared with the subgoal-worked example, the focused
subgoal-labeled worked example did not promote primary school students’ learning
effectiveness in mathematics. However, the individual choice subgoal-labeled worked
example improved primary school students’ near-transfer scores. It also reduced their
mental effort and working memory resource depletion. It, therefore, appears to be a
more effective subgoal-labeled worked example learning approach.

Keywords: online worked examples learning, working memory resource depletion, primary school students,
subgoal labeling, transfer scores

INTRODUCTION

Worked Example
Knowledge is necessary for individuals’ survival and development. School education is an
important way for individuals to gain systematic knowledge. The teaching materials’ design is
the main objective factor influencing the effectiveness of school education. John Sweller examined
instructional material design since the 1970s (Sweller, 1988, p.262). Through experimental research,
he found that learning from worked examples is a more effective form of instructional material
design for knowledge acquisition than problem solving (Sweller and Cooper, 1985, p.70). The
worked example provides individuals with a step-by-step approach to problem solving (Atkinson
et al., 2000, p.200). Based on prior knowledge, the individual reads and thinks about a worked
example to understand the new knowledge of problem solving. This also involves mastering
its application.
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Later, Sweller (1988, p.270) proposed cognitive load theory.
Cognitive load is the total amount of cognitive resources required
for an individual to process a certain kind of information.
Sweller and Chandler (1994, p.221) classified cognitive load
into extraneous, intrinsic, and germane cognitive load. This was
according to their functions. Extraneous cognitive load occurs
when learning materials are poorly presented. This leads to
reduced learning outcomes (Kalyuga et al., 2004, p.568). Intrinsic
cognitive load is caused by the complexity of the learning
material itself (Leahy and Sweller, 2019, p.8). Germane cognitive
load represents students’ level of understanding of learning
through effort. This contributes to the transfer of information
from the short-term to long-term memory and ultimately to
learning (Demetriadis et al., 2008, p.942). During learning, these
three types of cognitive load can be cumulative. Together, they
determine the total cognitive load elicited by the information
material. If the number of cognitive resources needed to process
a certain type of information exceeds the individual’s cognitive
processing capacity, it will cause a cognitive overload. It will also
reduce the learning effect.

Subgoal-Worked Example and Subgoal
Labeling
Worked examples may improve the learning effect. However,
some researchers have found that when students solve new
problems after learning from worked examples, they do not
solve the problems according to the rules implied in the
original worked example. However, they tended to solve the
problems by the similarity of the surface features between the
new problems and the original worked example. Catrambone
and Holyoak (1990, p.595) suggested that the main reason
for this phenomenon was that students were easily attracted
by the surface features presented in the worked example.
They, thus, ignored the rules and principles implicit in
the worked example. Therefore, to facilitate learners’ deeper
processing and understanding of the worked example’s structural
features, Catrambone and Holyoak (1990, p.600) proposed a
subgoal-worked example. This groups the worked example’s
complete steps into several meaningful step groups (or small
events) that can be understood and processed separately when
solving new problems. They also experimentally concluded
that, when students effectively understood the subgoal elements
of the worked example steps, they were able to improve
their performance on the transfer test. According to cognitive
load theory, subgoal-worked examples have a similar learning
mechanism to that of low-component interactive material and,
therefore, do not usually induce high levels of cognitive load
(Gerjets et al., 2019, p.133). On this basis, subgoal-worked
examples can effectively reduce learning difficulty.

Catrambone (1994, p.610) outlined a model for a subgoal-
worked example: First, learners group a series of steps based
on the basic structure of the worked examples. They then self-
explain the reasons for the grouping. They finally summarize
the basis for the grouping (i.e., subgoal labels). Catrambone
(1998, p.355) argued that subgoal labels divide worked example
step groups into meaningful information categories. These may

improve learners’ abilities to solve additional problems. To
examine whether subgoal labeling may facilitate the learning
effect of a worked example, Gerjets et al. (2004, p.170) conducted
an experiment with 120 university students as participants.
They had knowledge of physics as experimental materials. The
experiment showed that the participants performed better on the
medium-transfer and far-transfer tests with the subgoal labeled.
This was as compared to having no subgoal labeled. However,
there was no significant difference in their performance on the
near-transfer test. Subsequently, several studies have similarly
found that subgoal labeling promotes learners’ attention to the
structural features of the worked example. This allowed learners
to organize worked example information more effectively. It,
thus, improved the transfer test performance (Salden et al., 2010,
p.381; Margulieux et al., 2012, pp.71–78). Previous subgoal-
labeled studies were conducted in the offline paper-based
form. To investigate the applicability of subgoals labeled to
online teaching environments, Margulieux et al. (2013, pp.978–
980) enrolled 18 elementary and middle school teachers as
participants. The aim was to learn and practice computer
science through the worked examples. They found that the
participants in the subgoal-labeled worked examples group
scored significantly higher on both the near- and far-transfer tests
than the no-subgoal-labeled worked examples group. Morrison
et al. (2015, pp.21–29) designed “self-generated subgoal labeling.”
This allowed learners to observe and summarize the basis of
the subgoal step groups. It also allowed the learner to be
“given subgoal labeling.” This presented the grouping basis of
the subgoal step groups to the learner directly. The results
showed that in contextual transfer exercises with close links
to the original questions, the participants in the given subgoal
labels group performed significantly better than those in the
self-generated subgoal labels group did. Conversely, the results
were reversed in the isomorphic transfer exercise. Subsequently,
the researchers found that, when college students engaged in
online computer programming worked examples, the subgoal-
labeled group’s problem-solving ability was significantly higher
than that of the unlabeled group (Margulieux and Catrambone,
2016, p. 60; Margulieux and Catrambone, 2019, pp.130–134).
Therefore, subgoal labeling may improve the learning of worked
example subgoals for specific content to some extent.

Research Questions
In summary, previous studies found that participants learned
better in the subgoal-worked examples than in the no-subgoal-
worked examples. This may be because the no-subgoal-worked
example presented an entire problem solution. Students needed
to process more elements in their working memory. There
were inadequate cognitive resources to think deeply about the
structural features of the worked examples (Atkinson et al., 2000,
p.213; Lusk and Atkinson, 2007, p.752). In contrast, the solution
steps of the subgoal-worked example were based on small events.
This would reduce the participants’ cognitive load. In addition,
subgoal labeling allows learners to group the same type of
learning content into meaningful structures. These enhance their
understanding and memory of the worked examples content
(Atkinson et al., 2003, p.762; Margulieux et al., 2020, p.8).
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However, the content of the two previously worked examples
studies are mostly focused on college students’ knowledge
learning. Conversely, the cognitive abilities of elementary and
middle school students are not yet well developed. Furthermore,
their mathematical knowledge is commonly taught as subgoal-
worked examples. It is also taught by expanding the worked
examples learning content. It may help to verify the applicability
of subgoal-worked examples learning. Previous studies have
found that primary school students’ abstract logic skills were
not fully developed. They were also more inclined to engage in
specific image thinking (Gerjets et al., 2004, p.170). Conversely,
primary school students’ working memory capacity were
relatively low. In addition, their information processing abilities
were weak. Therefore, it is expected that concrete small-event
subgoal-worked examples may have better learning effects as
abstract holistic subgoal-worked examples.

Previous research has also found that subgoal labels may
improve the learning effects of subgoal-worked examples. The
possible reasons include: subgoal labels emphasize the worked
example structure, help learners organize new information
effectively, and improve self-explanation (Margulieux and
Catrambone, 2016, p.69). However, most studies focus on given
subgoal labels. Relatively few studies have been conducted on self-
generated subgoal labels. Simultaneously, Morrison et al. (2015,
pp.21–29) found that given subgoals are more suitable for simple
contextual transfer. He also found that self-generated subgoal
labels are more suitable for isomorphic transfer. However,
some researchers posited that self-generated subgoal labels may
increase a task’s difficulty. It may also increase the extraneous
cognitive load. To address these phenomena, the study proposed
subgoal labels with different degrees of generation. It attempts
this by drawing on the results of previous studies (Chi and Wylie,
2014, p.220). It also provided the focused subgoal labeling. This is
where students were asked to organize their language to answer
the meaning of the corresponding subgoal-worked example steps.
This was based on the questions provided. This type of subgoal
labeling may result in students’ higher extraneous cognitive load
because there is relatively little given content and more generative
content. Therefore, the researchers expected a relatively poor
learning effect for the focused subgoal labeling. The second is the
individual choice subgoal labeling. This is where students were
asked to select the meaning of the subgoal-worked example steps
from the options provided. This occurred without organizing
their own language. Therefore, a better learning effect for the
individual choice subgoal labeling was expected. This would
reduce the students’ extraneous cognitive load. This would be due
to the relatively large amount of given content and less generative
content. In addition, students’ active choice of learning content
would significantly motivate them (Chen et al., 2018, p.490).
Therefore, this study also measured their working memory
capacity at the end of the worked examples learning. This serves
to better explain the primary school students’ mathematics effect
on the no-subgoal and subgoal-worked examples under the two
types of subgoal labels. This is as an indicator to compare
the depletion of working memory resources for each group of
participants. Working memory is not a constantly finite resource.
However, it is a finite resource that may be depleted. A decrease

in one’s working memory capacity during worked examples
learning will cause students to have insufficient working memory
resources to complete subsequent tests. This would lower their
subsequent test scores and produce a working memory resource
depletion effect. Based on the above analysis, the study proposed
two research hypotheses: (1) As compared with the no-subgoal-
worked examples, the subgoal-worked examples reduced primary
school students’ cognitive load and working memory resource
depletion. However, it increased the transfer scores. (2) As
compared with the subgoal-worked examples, the individual
choice subgoal-labeled worked examples increased the primary
school students’ near-transfer scores. They also reduced mental
effort and working memory resource depletion. However, the
focused subgoal-labeled worked examples did not differ from the
transfer scores of the subgoal-worked examples.

MATERIALS AND METHODS

Participants
The participants were 130 elementary school students from the
fourth grade of a regular primary school. This was in a midsize
Chinese town. This school has an average level of academic
attainment and socio-economic status relative to the national
average. The participants were entirely novices regarding the
learning content. They were selected by quiz questions. All 130
students (71 girls and 59 boys; Mage = 8.78 years, SD = 0.66)
completed all stages of the experiment. They strictly followed the
instructions. The participants were randomly assigned to each
group: the no-subgoal-worked examples (N = 33), the subgoal-
worked examples (N = 33), the focused subgoal-labeled worked
examples (N = 32), and the individual choice subgoal-labeled
worked examples (N = 32).

Design
This experiment adopted a single-factor design. The worked
example form included a no-subgoal-worked example, a subgoal-
worked example, a focused subgoal-labeled worked example,
and an individual choice subgoal-labeled worked example. The
no-subgoal-worked example referred to a holistic solution to
the encounter problem. The subgoal-worked example referred
to a small-event decomposition solution to the encounter
problem. The focused subgoal-labeled worked example and
the individual choice subgoal-labeled worked example each
presented the subgoal-worked example to the learner. They
were given three clues to the subgoal solution. One of these
was the correct answer. The participants’ cognitive load level,
working memory capacity, near-transfer test scores, and far-
transfer test scores were recorded. This occurred after the worked
examples were learned.

Materials
The experimental materials included pre-test questions, working
memory capacity test materials; worked example materials,
cognitive load scales, and near- and far-transfer test materials (see
Supplementary Appendix A for details).
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Pre-test Questions
This consisted of 10 questions, eight of which were multiple-
choice questions. These were on addition, subtraction,
multiplication, and division. One multiple-choice question
was on the concept of “a relative problem.” There was one
application question on the “encounter problem.” All the
questions were presented on an A4-size sheet of paper.

Worked Example Materials
The worked example materials included four no-subgoal-worked
examples, four subgoal-worked examples, four focused subgoal-
worked examples, and four individual choice subgoal-worked
examples for the “encounter problem.” The no-subgoal-worked
examples included the face of the “encounter problem” and
the overall solution steps (see Figure 1). The first step in the
solution procedure is to calculate the total distance traveled by
multiplying the sum of the speeds of the two individuals (A
and B) by the time taken. This requires participants to adopt
a holistic thinking approach to learning. The subgoal-worked
examples included the face of the “encounter problem” and the
decomposition solution steps (see Figure 2). The first step of
the solution procedure is to calculate the total distance of A
(multiplying A’s speed by A’s time taken); the second step is to
calculate the total distance of B (multiplying B’s speed by B’s
time taken; the third step is to add A’s total distance to B’s total
distance to calculate their combined total distance. Participants
thus need to adopt a step-by-step approach to learning. The
focused subgoal-labeled worked examples included the face of
the “encounter problem” and the decomposition steps. The top-
right corner of each question presented three questions related
to the idea or steps of the “encounter problem” (see Figure 3).
First, participants had to read the three prompting questions to
help them better understand the learning content; they were then
asked to use a decomposition of small events to learn the solution.
The individual choice subgoal-worked examples included the
problem face of the “encounter problem” and the decomposed
solution steps. The top-right corner of each problem presented
the three problems. It also presented the corresponding three
options related to the idea or steps of the “encounter problem”
(see Figure 4). Participants were first asked to choose one correct
option for each question. The correct choice provided clues to
help them better understand what they were learning. Then,
for the focused subgoal-labeled worked examples, they used a
decomposition of small events to learn the solution.

The worked example materials were presented in the form of
PowerPoint, with one worked example problem per page.

Cognitive Load Scale
The scale was employed to measure the learners’ perceived
cognitive load on their learning from the worked examples. It
included two questions on mental effort and task difficulty. It had
a nine-point illustrated rating scale. This consisted of one (very
easy) to nine (very difficult). This scale was identical to that used
by Paas (1992). Its reliability was found to be good by Paas (1992,
p.429) and Paas et al. (1994, p.420). The Cronbach’s alpha for the
current sample was 0.69.

Working Memory Capacity Test Materials
The working memory capacity test was based on that employed
by Chen et al. (2018, p.492). It has been widely employed
to measure the working memory capacity of primary school
students (Chen et al., 2018, p.499; Leahy and Sweller, 2019, p.15).
It consisted of four difficulty levels from low to high. They each
consisted of three-six equations in turn. They had three trials
for each difficulty level. In total, 54 equations were included.
During the test, the participants were required to simultaneously
complete both the processing and memorization tasks in working
memory. First, the participants were presented with the first
equation. They were asked to determine whether the equation’s
result was correct. They had to write down the answer in the
appropriate place in the answer booklet, remembering the first
number of the equation. Thereafter, the second equation was
presented with the same requirements until all equations were
presented in one test. The participants were asked to recall and
write down the first digit of each equation sequentially. The
experiment began with two practice sessions. The participants
were asked to listen and learn before proceeding to the formal
working memory capacity test. At the end of the test, participants’
recall scores were calculated as the working memory capacity
score. One digit was correctly recalled. The maximum score
was 54. During the test, one equation was played on each
PowerPoint slide for 6 s.

Transfer Test Materials
The transfer test was paper-based and contained near- and far-
transfer tests. This indicated encounter problems with different
surface features. However, they had the same structural features.
The far-transfer test indicated encounter problems with different
surface and structural features. The near-transfer tests and far-
transfer tests each consisted of two individual choice questions
and one application question. This was for a total of three
questions and five points. Each individual choice question was
worth one point for each correct choice. Each application
question was worth three points. This included two points for
the calculation steps and one point for the result. The points
were allocated as follows: Zero points for the incorrect calculation
steps and results, two points for the correct calculation steps
and incorrect results, two points for the incomplete calculation
steps and correct results, one point for directly giving the
correct calculation results, and three points for both the
complete calculation steps and correct results. The transfer
test material was presented in PowerPoint. One question was
presented on each PowerPoint slide. The participants had to
write their answers under the corresponding question number in
the answer booklet.

Ethics Statement
Ethical approval for this research was obtained from the Research
Ethics Committee of Ludong University of China. This study of
human participants has been ethically reviewed and approved in
accordance with local legislation and institutional requirements.
Written informed consent to participate in this study was
provided by the participants’ legal guardian or next of kin.
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FIGURE 1 | No subgoal-worked example.

FIGURE 2 | Subgoal-worked example.

FIGURE 3 | Focused subgoal-labeled worked example.
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FIGURE 4 | Individual choice subgoal-labeled worked example.

Procedures
To ensure that elementary school students’ a priori knowledge
did not adversely affect the test results, all potential participants
completed a 5-min test of basic knowledge and asked to
calculate the answer to each question as accurately as possible.
At the end of the test, students who had sufficient basic
knowledge were required to learn the encounter problem.
However, they did not know that the encounter problem
was intended to select participants for the formal experiment.
As some of the experiments were completed by computer,
selected participants were given the opportunity to practice with
computer keystrokes and thereby familiarize themselves with the
experimental procedures.

Worked Example Stage
To prevent external factors distracting participants, the
experiment was conducted in a quiet computer room, in
small groups of 10 participants each. The instruction for the
no-subgoal-worked example and the worked example was
“Hello, class! We will study four worked example problems of
an ‘encounter problem’ in mathematics. In a moment you will
see the first worked example problem. Please try to read and
remember the steps of solving such problems. When the first
question is completed, click the button to go to the next worked
example problem until you finish studying the four worked
example problems. The whole learning stage will take 10 min.

When you are ready, press the space bar to start studying.” The
instruction under the focused subgoal-labeled worked example
was: “Hello, class! We are going to study four example problems
of ‘encounter problems’ in mathematics. Next to each example
problem, there are three small reflection problems. Please write
the answer you think is correct in the corresponding place on
the answer booklet. Please also remember the steps of solving
such worked example problems. When you finish studying
the first one, click the button to enter the study of the second
worked example problem. Do this until you finish studying
the four worked example problems.” They had 10 min to learn
the worked examples. The instruction under the individual
choice subgoal-labeled worked example was “Hello, class! We are
going to study four worked examples of ‘encounter problems’ in
mathematics. Next to each worked example, there are three small
multiple-choice problems. Please choose the option you think is
correct before the corresponding question number in the answer
booklet. Please also remember the steps to solve these worked
examples. When you complete the first one, click the button to
go to the second worked example. Do this until you finish the
four worked examples.” The entire study period lasted 10 min.

Cognitive Load Measurement Stage
The Paas scale was presented to the participants, and the
instruction for mental effort was “Hello, class! Now, please
evaluate your mental effort as accurately as possible. This is

Frontiers in Education | www.frontiersin.org 6 April 2022 | Volume 7 | Article 832901

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-07-832901 April 5, 2022 Time: 19:6 # 7

Guan et al. Subgoal Labeling in Primary Mathematics

regarding learning for this type of question based on the state
of learning you have just experienced. Use the following scale of
one-nine representing increasing levels of effort. One indicates
that it was very easy; five indicates that it required moderate
effort, and nine indicates that it was very hard. Choose an
appropriate number from the nine in the answer booklet to
mark with a ‘

√
’.” The guiding phrase for the difficulty of the

task was “Hello, class! How difficult do you think it is to learn
the example now? The following levels of one-nine represent
increasing difficulty. One indicates that it is very easy; five
indicates that it is moderately difficult, and nine indicates that it
is very difficult. Please choose an appropriate number from the
nine numbers in the answer booklet to mark with a ‘

√
’.” The

measurement time was 2 min.

The Working Memory Capacity Test Stage
Each group of participants was presented with the working
memory capacity test material. The instruction was “Hello,
classmate! The following is a memory test. PowerPoint will
present three-six equations in sequence. You should mark ‘

√
’or

‘×’on the corresponding question number in the answer booklet.
Please remember the first number of the equations. Thereafter,
PowerPoint will present the second equation. You will also need
to determine whether it is correct or incorrect. You must also
remember the first number of the equation, and so on. This must
occur until three-six equations are presented. You have to write
down the first number of each equation in the appropriate place
in the answer booklet.” The formal working memory capacity test
began with two practice sessions. This ensured that the students
had mastered the operations. The quiz took 20 min to complete.

Transfer Test Stage
Six test questions were presented to the participants in a
sequence. They were instructed to answer in the corresponding
positions in the answer booklet. The total test time was limited to
15 min. The participants’ cognitive load levels, working memory
capacity, and transfer test scores were recorded.

RESULTS

Comparison of the Effectiveness of
Online Learning in Mathematics for
Primary School Students Under the
Subgoal-Worked Example and the
No-Subgoal-Worked Example
Table 1 shows the participants’ cognitive load level, working
memory capacity, and transfer scores in different example
formats. The aim was to compare whether there were differences
in the online learning effects of the primary school students
under the no-subgoal-worked example and the subgoal-worked
example. Independent samples t-tests were conducted on the
mental effort, task difficulty, working memory capacity, and near-
and far-transfer scores of the participants under the two worked
example forms. The results showed that there was no statistically
significant difference in the participants’ mental effort under

TABLE 1 | Participants’ cognitive load level, working memory capacity and
transfer scores in different example forms.

Worked example forms No subgoal-worked
example

Subgoal-worked
example

N 33 33

Mental effort M 4.03 M 3.00

SD 2.46 SD 2.44

Material difficulty M 3.94 M 3.91

SD 2.05 SD 2.54

Working memory capacity M 41.79 M 36.18

SD 13.77 SD 6.21

Near transfer tasks M 2.76 M 2.82

SD 1.71 SD 1.81

Far transfer tasks M 1.52 M 1.73

SD 1.87 SD 1.74

the no-subgoal-worked example (M = 4.03, SD = 2.46) and the
subgoal-worked example (M = 3.00, SD = 2.44), t(64) = 1.711;
p = 0.092. There was no statistically significant difference in the
task difficulty in the participants under the no-subgoal-worked
example (M = 3.94, SD = 2.05) and the subgoal-worked example
(M = 3.91, SD = 2.54), t(64) = 0.053; p = 0.958. This suggests that
the two worked example forms did not have a significant effect on
the primary school students’ cognitive load levels.

The working memory capacity of participants under the
no-subgoal-worked example (M = 41.79, SD = 13.77) was
significantly higher than that under the subgoal-worked example
(M = 36.18, SD = 6.21), t(64) = 2.132, p = 0.039. This suggests
that working memory resource depletion was higher for primary
school students under the subgoal-worked example.

The no-subgoal-worked example (M = 2.76, SD = 1.71)
and the subgoal-worked example (M = 2.82, SD = 1.81),
t(64) = −0.140; p = 0.889 did not differ significantly in
participants’ near-transfer scores. There was no significant
difference in participants’ far-transfer scores under the no-
subgoal-worked example (M = 1.52, SD = 1.87) and the subgoal-
worked example (M = 1.73, SD = 1.74), t(64) =−0.477; p = 0.635.
This indicates that the two worked example forms did not
have a significant effect on the far- and near-transfer scores
of primary school students. This showed that the subgoal-
worked example increased working memory resource depletion
during learning. This was as compared to the no-subgoal-worked
example. However, it did not improve the transfer scores of
primary school students.

The Facilitation of Subgoal Labeling on
Online Learning of Worked Example
Mathematics Subgoal for Primary School
Students
Table 2 shows the participants’ cognitive load levels, working
memory capacity, and transfer scores in the three worked
example forms. The aim was to examine whether subgoal
labeling could facilitate the learning efforts of subgoal-worked
examples. One-way analyses of variance were conducted on the
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TABLE 2 | Participants’ cognitive load level, working memory capacity and transfer scores in the three worked example forms.

Worked example forms Subgoal-worked example Focused subgoal-labeled worked example Individual choice subgoal-labeled worked example

N 33 32 32

Mental effort M 3.00 M 1.78 M 4.06

SD 2.44 SD 0.83 SD 1.20

Material difficulty M 3.91 M 3.50 M 3.56

SD 2.54 SD 2.62 SD 1.97

Working memory capacity M 36.12 M 41.69 M 35.78

SD 6.21 SD 6.18 SD 14.81

Near transfer tasks M 2.82 M 4.19 M 2.72

SD 1.81 SD 0.90 SD 1.67

Far transfer tasks M 1.73 M 1.84 M 1.06

SD 1.74 SD 144 SD 1.32

mental effort, task difficulty, working memory capacity, near-
and far-transfer scores among the subgoal-worked examples,
the focused subgoal-labeled worked example, and the individual
choice subgoal-labeled worked example. The mental effort
scores were significantly different among the three forms. The
post hoc test (Tamhane) showed that the mental effort of
participants employing the individual choice subgoal-labeled
worked example (M = 1.78, SD = 0.83) was significantly lower
than those employing the subgoal-worked example (M = 3.00,
SD = 2.44, p = 0.029). It was also significantly lower than
that of the focused subgoal-labeled worked example (M = 4.06,
SD = 1.19, p < 0.001). The participants’ mental effort was
not significantly different between the focused subgoal-labeled
worked example (M = 4.06, SD = 1.19) and the subgoal-worked
example (M = 3.00, SD = 2.44, p = 0.086). The task difficulty
between the participants was not significantly different under
the subgoal-worked example (M = 3.91, SD = 2.54), the focused
subgoal-labeled worked example (M = 3.56, SD = 1.97), and the
individual choice subgoal-labeled worked example (M = 3.50,
SD = 2.62), F(2,94) = 0.277, MSE = 1.585, p = 0.759. This
suggested that the math subgoal-worked example mental effort
was lowest for primary school students under the individual
choice subgoal-labeled worked example in online learning. The
primary school students’ mental efforts were not significantly
different between the subgoal-worked example and the focused
subgoal-labeled worked example. The worked example forms
did not have a significant effect on the primary school students’
task difficulty.

According to previous studies (Chen et al., 2018, p.495;
Leahy and Sweller, 2019, p.18), the working memory capacity
after learning from worked examples represents the participants’
working memory resource depletion. Therefore, higher working
memory capacity represents less working memory resource
depletion and, in turn, the smaller the working memory capacity,
the greater the working memory resource loss. The participants’
working memory capacity differed significantly between the
three worked example forms, F(2,94)= 3.569, MSE = 350.002,
p = 0.032. The post hoc test’s (Tamhane) results showed that
the working memory capacity of the participants under the
individual choice subgoal-labeled worked example (M = 41.69,

SD = 6.18) was significantly higher than that of the subgoal-
worked example (M = 36.18, SD = 6.21, p = 0.002). However,
there was no significant difference between the working memory
capacity of the participants under the focused subgoal-labeled
worked example (M = 35.78, SD = 14.81) and the subgoal-worked
example (M = 36.18, SD = 6.21, p = 0.999). This indicates that
the primary school students’ working memory resource depletion
under the individual choice subgoal-labeled worked example was
the lowest in the online learning of the mathematics subgoal-
worked example. The subgoal-worked example and the focused
subgoal-labeled worked example had no significant effect on
primary school students’ cognitive resource depletion.

Participants’ near-transfer test scores were significantly
different among the three worked example forms, F(2,94) = 9.409,
MSE = 21.647, p < 0.001. The post hoc test’s (Tamhane)
results showed that participants employing the individual choice
subgoal-labeled worked example (M = 4.19, SD = 0.90) received
significantly higher scores. This was in comparison to those
employing the subgoal-worked example (M = 2.82, SD = 1.81,
p = 0.001) and the focused subgoal-labeled worked example
(M = 1.67, SD = 0.30, p < 0.001). However, there was
no significant difference between the focused subgoal-labeled
worked example (M = 1.67, SD = 0.30) and the subgoal-worked
example (M = 2.82, SD = 1.81, p = 0.994). This indicated
that primary school students had the highest near-transfer
scores under the individual choice subgoal-labeled worked
example. This was in the online learning of the math subgoal-
worked example. However, there was no significant difference
between the subgoal-worked example and the focused subgoal-
labeled worked example.

Participants’ far-transfer scores were not significantly different
among the subgoal-worked example (M = 1.73, SD = 1.74),
the individual choice worked example (M = 1.84, SD = 1.44),
and the focused subgoal-labeled worked example (M = 1.06,
SD = 1.32), F(2,94) = 2.497, MSE = 5.701, p = 0.088). This
indicates that there was no significant difference among the three
worked example forms.

It is evident that the learning effect was not significantly
different between the focused subgoal-labeled worked example
and the subgoal-worked example. Therefore, the focused
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subgoal-labeled worked example did not promote the primary
school students’ online learning effect. As compared to the
worked example subgoal, primary school students with their
individual choice subgoal-labeled, had a lower mental effort.
They also had lower working memory resource depletion.
Furthermore, they experienced higher near-transfer scores.
Therefore, the individual choice subgoal label promoted the
primary school students’ online learning effect.

DISCUSSION

Comparison of the Effectiveness of
Online Learning in Mathematics for
Primary School Students Under the
Subgoal-Worked Example and the
No-Subgoal-Worked Example
Previous research on the no-subgoal-worked examples and
subgoal-worked examples learning focused on college students
solving “probability problems.” The results showed that
participants in the subgoal-worked examples tended to perform
better under near and far transfer than in the subgoal-worked
examples (Margulieux et al., 2013, p.980; 2020, p.15; Catrambone,
2014, p.180). To verify further the effectiveness of the subgoal-
worked example, this study designed a no-subgoal-worked
example and a subgoal-worked example of the “encounter
problem.” It was determined that there was no significant
difference in the transfer scores between the two worked example
forms. This was different from the results of previous studies.
Gerjets et al. (2004, p.40) enrolled college students as participants,
who were better at organizing and processing information. The
subgoal-worked examples could help them discover the deep
knowledge structure of the worked examples more easily. It could
also help them form and remember knowledge blocks more
quickly. Therefore, students had higher near-transfer scores
in the subgoal-worked example. In the present study, there
was no significant difference in the transfer scores between the
no-subgoal-worked example and the subgoal-worked example.
This may be because the primary school students tended to focus
on the surface features of the worked example. It may also be
because they ignored the structural features (Hancock-Niemic
et al., 2016, p.120). They therefore did not develop mental
representations for solving “encounter problems.” Conversely, as
compared with college students, primary school students had a
lower level of transfer ability (Zhao et al., 2019, p.33; Lin et al.,
2021, p.76). Therefore, the transfer scores were poor in both the
worked example forms.

The results showed that primary school students’ cognitive
load was not significantly different between the no-subgoal-
worked example and the subgoal-worked example. However, this
was not in line with the findings of Gerjets et al. (2004, p.170).
They found lower levels of cognitive load among college students
in the subgoal-worked example. Gerjets et al. (2004, p.170) chose
a “probability problem” with an eight-step worked example. The
steps in the no-subgoal-worked example were difficult abstract
formulas, numerical substitutions, and calculations. However, the

steps of the subgoal-worked example were mostly small events
with similar structures. These were easier to understand and
remember (Catrambone, 2014, p.180). Therefore, the college
students’ cognitive load level in the subgoal-worked example was
lower. In this study, the experimental material was an “encounter
problem.” Both the no-subgoal- and subgoal-worked examples
contained the problem surface and the three steps required to
solve the problem. In the worked example learning process,
primary school students tended to read the same problem face
first. They then learned the solution steps. However, due to the
limitation of their thinking level, they may simply observe and
imitate the solution steps (Qu and Zhang, 2019, p.42). They may
lack in-depth thinking about the rules and principles implied
in each step. In summary, in the two worked examples, their
assessment of the difficulty and mental effort invested was mainly
based on the number of solution steps. This was instead of the
principles implied in them. Therefore, primary school students’
mental efforts and the task difficulty were not significantly
different between the two examples.

Furthermore, the results showed that the working memory
resources of primary school students employing the subgoal-
worked example were significantly depleted. This was in
comparison to those employing the no-subgoal-worked example.
The no-subgoal-worked example adopts a holistic approach to
solving the “encounter problem.” This caused primary school
students to have a harder time understanding the arithmetic
principles in the problem-solving steps. Therefore, they focused
on the arithmetic steps instead. However, the four mixed
operations in parentheses were simpler (Zhang and Lin, 2005,
p.786). Therefore, their working memory resources were less
depleted. The subgoal-worked example was a decomposition
of the “encounter problem” into small events. The principles
of the operations in the solution steps were relatively easy
to understand. Therefore, primary school students devoted
more working memory resources to learn and understand each
operation step and its principles. Therefore, working memory
resource depletion was higher in the subgoal-worked example.

The Facilitation of Subgoal Labeling on
the Online Learning of Mathematics
Subgoal-Worked Example for Primary
School Students
Subgoal labeling is an important factor that affects the learning
effect (Morrison et al., 2015, p.26; Margulieux et al., 2018, p.710).
Combined with previous research (Renkl, 2002, p.540; Roelle
and Renkl, 2020, p.131), this study designed a focused subgoal-
labeled worked example. It also designed an individual choice
subgoal-labeled worked example. It was found that primary
school students employing the individual choice subgoal-labeled
worked example had significantly higher near-transfer scores
than those employing the subgoal-worked example. However,
the primary school students employing the focused subgoal-
labeled worked example were not significantly different from
those employing the subgoal-worked example. Previous research
suggests that during the worked example learning process,
participants could effectively improve students’ problem-solving
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skills and improve their transfer test scores (Schworm and
Renkl, 2007, p.285; Griffin et al., 2008, p.100). This occurred
when participants were given eliciting questions. It was also
when they were asked to think about and write their answers
to the questions. This was while learning the worked example.
Thus, the results of the individual choice subgoal-labeled worked
example were consistent with the results of previous studies.
The results of the focused subgoal-labeled worked example
were inconsistent with those of previous studies. The individual
choice subgoal label guided the primary school students to self-
explain the principles of the solution steps. It also provided a
scope for reflection. This prompted them to construct quickly
a schema for solving the “encounter problem.” Conversely, this
reduced the depletion of their working memory resources. They
therefore had more working memory resources to complete the
transfer test. Thus, the individual choice subgoal label facilitated
primary school students’ transfer scores. In contrast, the focused
subgoal labeling provided only questions. Students had to think
about the answers, organize the language, and write the answers
themselves. This consumed many of their working memory
resources. They thus did not have enough resources to form
a schema for the “encounter problem.” This affected their
completion of the subsequent transfer test. Therefore, focused
subgoal labeling did not facilitate transfer scores for the worked
example online learning.

Furthermore, the results showed that primary school students
employing the individual choice subgoal-labeled worked example
implemented a significantly lower mental effort than those
employing the subgoal-worked example. This may be the fact
that in the individual choice subgoal-labeled worked example,
they were more likely to understand the “encounter problem.”
This provided primary school students with the principles of
each operation step. Therefore, they would have lower mental
effort levels. The results also showed that there was no significant
difference between the mental effort of the primary school
students in the focused subgoal-labeled worked example and
the subgoal-worked example. The reason for this was that
although the focused subgoal-labeled worked example provided
problems, the relevant answers to the problems required the
primary school students to put in the corresponding mental
effort. Therefore, the focused subgoal-labeled worked example
did not reduce the primary school students’ mental efforts. There
was no significant difference in the assessment of task difficulty
among the three worked example forms. This was probably
because the assessment of the worked example learning process
focused on the worked example itself rather than on the subgoal-
labeled form. Therefore, the subgoal labeling did not have a
significant effect on the assessment of task difficulty of the online
subgoal-worked example learning in mathematics.

The results also revealed that the participants’ working
memory resource depletion in the individual choice subgoal-
labeled worked example was significantly lower than that in the
subgoal-worked example. The individual choice subgoal-labeled
worked example provided participants with solutions to the
problems by presenting the problem surface with options. This
resulted in less effort and lower mental effort during the learning
process. The individual choice subgoal-labeled worked example

reduced the working memory resource attrition of primary
school students. In contrast, there was no significant difference
between the working memory of participants under the focused
subgoal-labeled worked example and the subgoal-labeled worked
example. This was probably because the focused subgoal-labeled
worked example only provided reference questions. A further
reason could be that primary school students had to think about
and write their answers while reading the worked example.
Therefore, a lot of writing would take up their working memory
resources. Thus, the focused subgoal-labeled worked example did
not reduce the working memory resource depletion of primary
school students.

Whether Working Memory Depletion Can
Cause a Working Memory Resource
Depletion Effect
Chen et al. (2018, p.500) concluded that if primary school
students consumed too much working memory resources during
the worked example learning process, they did not have sufficient
resources to complete the subsequent tests. They therefore
exhibited a working memory resource depletion effect. The
results showed that as compared to the no-subgoal-worked
example, the primary school students employing the subgoal-
worked example had a high working memory resource depletion.
However, the test scores were not different: primary school
students showed no working memory depletion effect. As
compared to the individual choice subgoal-labeled worked
example, the primary school students employing the subgoal-
worked example had high working memory resource depletion
and low-test scores. They showed a working memory resource
depletion effect. These two results contradict each other. There
are arguments against this contradiction. We suggest that the
investigation of the working memory resource depletion effect
should not only focus on the relative depletion of working
memory resource. However, this was also on the causes and
effects of depletion. Furthermore, it was on the depletion of
absolute working memory resources.

In this study, as compared to the subgoal-worked example, the
no-subgoal-worked example and the individual-choice-labeled
worked example both had less relative working memory resource
depletion. They also had sufficient working memory resources
to complete the subsequent tests. However, the test scores were
still relatively lower in the no-subgoal-worked example. They
were also higher in the individual choice subgoal-labeled worked
example. Possible reasons were that the students employing
the no-subgoal-worked example appeared to be intimidated
and gave up thinking about the worked example. This was
although there was less depletion of their working memory
resources. However, it concurrently did not form a schema for
the “encounter problem.” Therefore, even with sufficient working
memory resources, the transfer test could not be completed
effectively. Conversely, the individual choice subgoal-labeled
worked example enhanced students’ deeper thinking about the
“encounter problem.” It also provided them with directions for its
interpretation. This promoted students to employ fewer working
memory resources to form schemas about the “encounter
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problem” As a result, they had more working memory resources
to complete the subsequent tests. They thus scored higher on the
tests. The results indicate that there were different reasons for
the low depletion of working memory resources between the two
forms. Therefore, their transfer test results were different.

As compared with the individual choice subgoal-labeled
worked example, the subgoal-worked example scores showed
high working memory resource depletion. However, it had
relatively poor transfer scores. It was speculated that the students
employing the subgoal-worked example had poor transfer test
scores due to the high depletion of their working memory
resources. A further possible reason was the lack of sufficient
resources to complete the transfer. This was because it was
a resource-constrained process; the primary school students
did not learn to solve the “encounter problem” at all. They
therefore could not effectively complete the subsequent transfer
test, even if they had sufficient resources. Moreover, the study did
not further investigate participants’ working memory resource
depletion over different learning intervals. Whether the working
memory resources of the subjects recovered after an interval
of time remains unclear. Therefore, the investigation of the
working memory attrition effect should also focus on absolute
working memory resource attrition. This should occur within
the framework of the resource-constrained process and material-
constrained process theories.

CONCLUSION

Four different worked example forms were designed in this study:
the subgoal-worked example, the no-subgoal-worked example,
the individual-choice-labeled worked example, and the focused
subgoal-labeled worked example. The study investigated the
mathematics worked example learning effect for primary school
students in different worked example forms. Based on the
experimental results, the following conclusions can be drawn: (1)
as compared with the no-subgoal-worked example, the subgoal-
worked example increased primary school students’ working
memory resource depletion. However, it did not improve their
scores. (2) As compared with the subgoal-worked example, the
focused subgoal-labeled worked example did not promote the

learning effectiveness of primary school students in mathematics.
However, the individual choice subgoal-labeled worked example
improved primary school students’ near-transfer scores. It also
reduced their mental effort and working memory resource
depletion. It is therefore a more effective subgoal-labeled worked
example learning approach.
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