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This study investigated English-as-a-foreign-language (EFL) learners’ strategic

competence in the computer-assisted integrated speaking tests (CAIST) through

the development and validation of the Strategic Competence Inventory for

Computer-assisted Speaking Assessment (SCICASA). Based on our review of the

literature on the CAIST, strategic competence, and available instruments for measuring

the construct, we defined EFL learners’ strategic competence in the CAIST as learners’

use of four metacognitive strategies: Planning, problem-solving, monitoring, and

evaluating, with each of them consisting of various components. These metacognitive

strategies formulated the four factors and scale items of the SCICASA under validation.

An exploratory factor analysis of responses from 254 EFL students and the subsequent

confirmatory factor analysis of data collected on another sample of 242 students

generated 23 items under the four factors. The high validity and reliability of the

SCICASA reveal that EFL learners’ strategic competence operates in the forms of

the four metacognitive strategies in the CAIST. This will lend some new supporting

evidence for Bachman and Palmer’s (2010) strategic competence model while providing

implications for metacognitive instructions and test development. Concomitantly, the

findings show the inventory as a valid instrument for measuring strategic competence

in computer-assisted foreign/second language (L2) speaking assessment and relevant

research arenas and beyond.

Keywords: computer-assisted integrated speaking tests, strategic competence, strategic competence inventory

for computer-assisted speaking assessment, English as a foreign/second language, language testing

INTRODUCTION

The motivation of this study has to do with one of the authors’ teaching experience related to
the computer-assisted integrated speaking test (CAIST) in English-as-a-foreign-language (EFL)
classrooms. The CAIST measures EFL learners’ speaking ability associated with their strategic
competence. Such ability is highly valued in tertiary education and is considered as one of the
central factors affecting academic success as well as for engaging learners for sustainable growth in
language proficiency (Zhang and Zhang, 2019; Teng and Zhang, 2020). Furthermore, the test has
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been evidenced, though not sufficiently, to elicit strategic
competence relevant to tertiary domains (Frost et al., 2020). The
close relationship among the CAIST, strategic competence and
tertiary education has made the test an effective measurement
tool in EFL classroom-based learning (Bahari, 2020). However,
when performing the CAIST, students often do not achieve what
teachers expect them to achieve, as observed in the classroom
teaching. This can be regarded as a concrete example that
suggests the necessity of researching EFL learners’ strategic
competence in the CAIST for helping them achieve academic
success (Bachman and Palmer, 2010; Frost et al., 2020).

In actuality, the rapid advance of computer technology and
unexpected natural disasters that limit physical contact such
as the COVID-19 pandemic have made computer-assisted L2
assessment (CALA) pervasive in L2 learning and teaching at
various levels, particularly at the tertiary level (Zhang and Qin,
2018; Qin and Zhang, 2019; Sasere and Makhasane, 2020). As
one form of CALA, the CAIST integrates multiple language skills
(e.g., reading, listening and speaking) to replicate the authentic
language use tasks for evaluating learners’ ability to deal with
daily language use activities. Such authenticity not only enhances
the positive washback effect of the test on classroom-based L2
learning but also improves test fairness, which elucidates the
recognition of such a test format as an indicator of the future
direction of CALA, and its progressing prominence in high-
stakes L2 tests (Bahari, 2020; Frost et al., 2020).

Despite this, as pointed out by some scholars (e.g., Huang
and Hung, 2018; Frost et al., 2020), insufficient attention has
been devoted to the CAIST, especially EFL learners’ strategic
competence in the test. In respect to the more general context of
the CALA,Winkle and Isbell (2017) commented that the primary
focus within CALA is on technological elements, and how
strategic competence works in CALA is not clear and needs to
be redefined. As the core component of language ability, strategic
competence is broadly acknowledged as learners’ metacognitive
strategy use in L2 assessment, which is well-illustrated in
Bachman and Palmer’s (2010) strategic competence model
(Seong, 2014). According to Bachman (2007), understanding
strategic competence is critical to understanding language ability,
which is the essence of L2 assessment. Based on this view,
research on EFL learners’ strategic competence in the CAIST is
essentially internal to comprehending the tests per se, which will
further replenish our apprehension of the CALA, L2 speaking
assessment and even L2 assessment at large.

However, although the importance of strategic competence
has been recognized across disciplinary boundaries, studies on
this construct mainly focus on listening, reading, and writing
in non-testing contexts (e.g., Teng and Zhang, 2016, 2020), and
hence how strategic competence operates in authentic speaking
tests remains unclear (Huang and Hung, 2018; Frost et al.,
2020). In addition to the complex nature of strategic competence
(Barkaoui et al., 2013), some researchers (e.g., Hughes and Reed,
2017) attributed this research actuality to the complexness of L2
assessment, while the others (e.g., Luoma, 2004; Tarone, 2005)
held that as the most difficult language skill for human beings
to master, speaking, particularly L2 speaking, is understandably
too complex to be researched. The complexity of strategic

competence, L2 assessment, speaking, and L2 speech production
jointly justify the scant literature regarding the construct in
the CAIST on one hand, and the significance of the research
attempts that can provide additional evidence for the literature
on the other. Given the increasing predomination of CALA in
today’s educational system and the relationship between strategic
competence and the CAIST stated earlier, such research attempts
also make great sense to EFL education.

Nevertheless, the research attempts are challenged by the
absence of a valid and reliable instrument. To assess individuals’
internal strategic processes, including their strategic competence,
inventories or questionnaires are regarded as types of effective
instruments (Oxford, 2017). Although some inventories are
available for investigating learners’ strategic competence, they
mostly target non-testing contexts (e.g., Oxford, 1990). To
our knowledge, inventories that can be employed to examine
strategic competence in the CAIST are not yet available. In fact,
inventories that can be used in CALA and the more macro L2
speaking assessment are unavailable either. The unavailability
has led to the commonly decontextualized use of the accessible
strategic competence inventories in empirical studies despite
having been criticized by many scholars (e.g., Oxford, 2017;
Takeuchi, 2020). Against this background, a valid and reliable
inventory is warranted to address the research gap.

Taken together, the scantiness of the exiting literature on
researching EFL learners’ strategic competence in the CAIST,
and the absence of an applicable inventory for such a research
attempt indicate the research gaps that the current study is set
up to bridge. To this end, we embedded our investigation of
strategic competence in the development and validation of a
desired inventory in line with some researchers’ prior work (e.g.,
Purpura, 1997; Zhang and Goh, 2006; Teng and Zhang, 2016).
Considering the relationship between CALA and the CAIST,
our inventory focuses on the more global context of CALA for
wider applicability, though our investigation was conducted in
the CAIST. For this purpose, we developed and validated the
Strategic Competence Inventory for Computer-assisted Speaking
Assessment (SCICASA). As our study is the first to integrate
research on EFL learners’ strategic competence in computer-
assisted L2 speaking assessment with instrument development
and validation, the uniqueness will provide some new insights
into research designs for empirical studies on L2 speaking
assessment. Additionally, the findings are expected to offer a
valid and reliable inventory for assessing EFL learners’ strategic
competence in L2 speaking assessment, additional validity
evidence for Bachman and Palmer’s (2010) strategic competence
model, and pedagogic implications for metacognitive scaffolding
in EFL classrooms.

LITERATURE REVIEW

Computer-Assisted Integrated Speaking
Tests
A computer-assisted integrated speaking test (CAIST) is a
test format that delivers an integrated speaking test via
computer technology. It involves two strands of “young
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and dynamic” development in L2 assessment: Computer-
assisted language assessment and integrated speaking tests
(Winkle and Isbell, 2017, p. 313).

Computer-assisted language assessment (CALA), also known
as computer-assisted language testing (Pathan, 2012), refers to
the use of computer technology for facilitating, contextualizing
and enhancing the assessment of test takers’ language ability.
Concomitant with the speedy and extensive propagation of
computer use, CALA has become increasingly common since
computers were first employed to score test items in L2
assessment in the 1930’s. The growth of CALA has expanded the
L2 assessment field and triggered influential washback effects in
the L2 classrooms (Winkle and Isbell, 2017). Some researchers
(e.g., Booth, 2019) have anticipated CALA as an inevitable and
irreversible trend in L2 assessment, which indicates the future
of this field due to its advantages, including the individualized
test process and simplified test administration. On the other
hand, the on-going spread of COVID-19 has further facilitated
this trend after online learning and online assessment have been
acknowledged as an effective means to normalize the delivery of
teaching and learning in challenging situations caused by natural
disasters (Sasere and Makhasane, 2020). Based on a review of
approximately 300 studies spanning 2002–2018 that examined
the mainstream assessment tools in computer-assisted language
learning, Bahari (2020) pointed out that CALA is moving toward
integrated language skills assessment.

Research efforts focusing on integrated language skills
assessment began in the 1970’s (Cummings, 2014), but
few investigated the integrated speaking tests (Frost et al.,
2020). Integrated speaking tests are so called because they
integrate reading, listening and speaking to duplicate authentic
language use, making it possible to measure learners’ ability to
communicate in English in real-life settings (Huang and Hung,
2018). It is believed that if learners do well on the tests, they
have shown their abilities required in real language use situations
where multiple language skills are needed (Luoma, 2004). Built
upon the working model of language use in an authentic
academic context, integrated speaking tests are theoretically
considered as an expanded version of Bachman’s (1990)
Communicative Language Ability Model. As such, they “broaden
the scope of strategies called upon (Barkaoui et al., 2013, p. 16),
and are immediately close to the metacognitive strategies of pre-
assessment and pre-planning, online planning and monitoring,
and post-evaluation (Cohen, 2014). Although the metacognitive
strategies assumed to be elicited by integrated speaking tests have
not been sufficiently evidenced, as noted earlier, this test format
indicates the paramount role of metacognitive strategy use in L2
speech production (Skehan, 2018).

In L2 speech production, monitoring works both covertly
and overtly for task completion, and speakers use planning
to seek knowledge at hand and monitoring to compensate
for, and facilitate, their oral production (Bygate, 2011). In the
meanwhile, monitoring operates in conjunction with evaluation
(O’Malley and Chamot, 1990; Purpura, 1997), and the speakers
have to solve various problems caused by their incomplete L2
knowledge through the use of problem-solving (Kormos, 2011).
EFL speakers’ metacognitive strategy use in L2 speech production

essentially reflects their strategic competence in L2 assessment
(Seong, 2014). In other words, the metacognitive strategies that
are assumed to be called upon by integrated speaking tests
illustrate the equally important part that strategic competence
plays in this specific testing context, as it does in L2 assessment
(see the subsection of strategic competence). Such importance
further warrants a study as the current one.

The delivery of integrated speaking tests by means of CALA
is the CAIST, which is typically represented by one of the
most influential high-stakes tests: The TOEFL iBt integrated
the speaking section (Hughes and Reed, 2017). This explains
why existing studies on strategic competence in the CAIST were
commonly conducted in the context of the TOEFL iBt (e.g.,
Barkaoui et al., 2013), which rationalizes the role of this specific
test as the research context of our study.

Strategic Competence
In the research field of L2 assessment, strategic competence
is conceived as a set of metacognitive strategies that “provide
a management function in language use, as well as in other
cognitive activities” (Bachman and Palmer, 2010, p. 48),
irrespective of the ambiguity plaguing the conceptualization
of the construct (Seong, 2014). Such a conception is due to
the profound influence of Bachman and Palmer’s (1996; 2010)
language ability models, where strategic competence serves as
the core component and works independently or interactively
with other test factors such as test tasks to considerably influence
test performance (Bachman and Palmer, 2010; Skehan, 2018). To
illustrate such a core role, several researchers (e.g., Piggin, 2012;
Zhang, 2017) regarded strategic competence within the language
ability models as an independent model and termed it Bachman
and Palmer’s strategic competencemodel, which operates in three
forms of metacognitive strategies: Goal setting, appraising, and
planning. Goal setting concerns language users’ decision on what
they seek to do for a given language use task. Appraising helps
leaners assess the feasibility of task completion. Planning is about
deciding how to use language knowledge for task completion.
As a result, researchers typically describe strategic competence as
metacognitive strategy use in empirical studies (Seong, 2014).

However, the insufficiency of empirical evidence for the
validity of Bachman and Palmer’s (2010) strategic competence
model makes it hard to define what metacognitive strategies
are actually used by learners in real L2 assessment (Ellis
et al., 2019). Hence, researchers tended to take an exploratory
approach to investigating strategic competence in accordance
with the literature on L2 assessment, metacognition, and
learning strategies rather than simply defining them as goal
setting, appraising, and planning. For example, Barkaoui et al.
(2013) discovered that the metacognitive strategies used by
Chinese EFL learners were: Identifying the purpose of the task,
setting goals, evaluating previous performance, and evaluating
the content of what is heard/said. By contrast, in Zhang’s
(2017) study, the metacognitive strategies that she identified
were: Assessing the situation, monitoring, self-evaluation and
self-testing. Following these researchers, we defined strategic
competence as metacognitive strategy use which was investigated
in an exploratory approach. Such an approach is simultaneously
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TABLE 1 | Definitions and taxonomies of strategic competence in this study.

MS Taxonomies Definitions

Planning Setting goals Identify the purpose of the task

Directed attention Decide in advance to focus on particular tasks and ignore distractions

Activate background information Think about and use what you already know to help you do the task

Prediction Anticipate information to prepare and give direction for the task

Organizational planning Plan the task and content sequence

Self-management Arrange for conditions that help you learn

Problem-solving Inference Make guesses based on previous knowledge

Substitute Use a synonym or descriptive phrase for unknown words

Monitoring Selective attention Focus on key words, phrases, and ideas

Deduction/induction Consciously apply learned or self-developed rules

Personalize/personal experience Relate information to personal experiences

Take notes Write down important words and concepts

Ask if it makes sense Check understanding and production to keep track of progress and identify problems

Self-talk Talk to yourself to reduce anxiety by reminding yourself of progress, resources available, goals

Evaluating Verify predictions and guesses Check whether your predictions or guesses are correct

Check goals Decide whether a specific goal was met

Evaluating performance Judge how well you did in the task

MS, metacognitive strategies.

consistent with the common practice in inventory development
(Creswell and Creswell, 2018).

As an interdisciplinary concept, metacognitive strategies
are well-illustrated by the extensively applied three-component
model which encompasses planning, monitoring, and evaluating
in the research domains of metacognition and language
learning strategies (Purpura, 1997; Zhang, 2003; Zhang and
Zhang, 2018, 2019). The three components correspond to the
constituents of the Bachman and Palmer’s (2010) strategic
competence model, but they fail to explain problem-solving,
the critical strategy in L2 speech production (Bygate, 2011;
Kormos, 2011). Additionally, as Seong (2014) commented,
derived from Sternberg’s (1988) intelligence theory which refers
to planning, monitoring and evaluating individuals’ problem
solving, Bachman and Palmer’s (2010) model is considerably
influenced by Canale and Swain (1980), who proposed strategic
competence as problem-solving mechanisms. Therefore, in the
investigation of strategic competence in L2 speaking assessment,
it is imperative that problem-solving, side by side with planning,
monitoring and evaluating, should be taken into consideration.
In light of such imperativeness and guided by an exploratory
approach, we adopted Chamot et al.’s (1999). Metacognitive
Model of Strategic Learning in formulating the working
definitions of the assumed strategic competence elicited by
the CAIST.

Comprised of planning, problem-solving, monitoring, and
evaluating, Chamot et al.’s (1999) model is built upon
interdisciplinary studies on metacognitive strategies involving
L2 learners with various backgrounds. It is therefore accepted
as empirically grounded (Chamot, 2009). According to Chamot
et al. (1999), the inclusion of problem-solving as one component
of metacognitive strategies is due to its “usefulness and

applicability to a broad range of learning tasks” (p. 11).
Moreover, Chamot (2005) pointed out that almost all the models
that highlight metacognitive strategies in L2 learning include
problem-solving as the fundamental component with planning,
monitoring and evaluating (e.g., Chamot et al., 1999; Rubin,
2001; Anderson, 2002). The features of the Chamot et al.’s (1999)
model obviously established its correspondence to Bachman
and Palmer’s (2010) strategic competence model in L2 speaking
assessment, but the inclusion of problem-solving makes it better
than the latter to theoretically depict the construct in the
CAIST. Yet, as Chamot et al.’s model was mainly for non-testing
settings, only the components consistent with test contexts are
appropriately applicable in the CAIST. In accordance with this,
the working definitions and the taxonomies of EFL learners’
strategic competence in the CAIST under investigation are
formulated in Table 1.

Measuring Strategic Competence
In empirical studies on strategic competence or metacognitive
strategy use, the commonality is that inventories or
questionnaires are employed thanks to the properties of
the instrument: (a) Easy administration on a large sample
size; (b) little intrusiveness; (c) applicability in many statistical
analyses; (d) rather high validity and reliability (Craig et al.,
2020). In L2 assessment, Purpura’s (1997) Metacognitive
Strategy Questionnaire (MSQ) has been used extensively for
eliciting strategic competence (e.g., Phakiti, 2003, 2008). The
40-item questionnaire has four sections: Assessing the situation,
monitoring, self-evaluating and self-testing. A 6-Likert scale
ranging from 0 (never) to 5 (always) is used to assess the
frequency of the individuals’ on-line and off-line metacognitive
strategy use in performing reading test tasks. However, the
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tense and the content of the item questions show that this
questionnaire was not designed specifically for L2 assessment.
Nevertheless, as this questionnaire was validated by Purpura
with structural equation modeling, it has been adapted by
several researchers in L2 assessment, including Phakiti (2003),
who devised his cognitive and metacognitive questionnaire
on EFL reading tests based on the MSQ. Phakiti used fewer
items (35 items) and a 5-point Likert scale, which makes his
questionnaire more user-friendly. Besides, the past tense and
the content in each item have turned the questionnaire into an
off-line self-report suitable for the context of reading tests. Later,
Phakiti (2008) refined the questionnaire, changing it into an even
simpler one with 30 items.

As metacognitive strategies are considered as the subordinate
language learning strategies, many questionnaires on this
construct are developed in accordance with language learning
strategies. One actual instance is Oxford’s (1990) Strategy
Inventory of Language Learning (SILL), which has been adopted
in numerous empirical studies with its high reliability and
validity. The SILL is aimed at general learning strategy use,
and thus it comprehensively includes six types of strategies:
Memory strategies, cognitive strategies, compensation strategies,
metacognitive strategies, affective strategies and social strategies
with 50 items. Each strategy elicited by one item is measured by
its frequency reported on a 5-point Likert scale ranging from 1
(never use it) to 5 (often use it). Though employed widely, for
any specific context (e.g., L2 speaking assessment), the SILL is
unlikely to be applied directly due to its generalness (Sun et al.,
2016).

With regard to L2 speaking, questionnaires that examine
metacognitive strategy use in this context are severely lacking.
Only one such questionnaire is available: The Metacognitive
Awareness Inventory in Listening and Speaking Strategies
(MAILSS) developed by Zhang and Goh (2006); see also
Zhang (2021). The MAILSS includes 40 items, and the
strategies for speaking and listening are categorized into use-
focused learning strategies, form-focused learning strategies,
comprehension strategies, and communication strategies. The
first two strategies are for improving individuals’ speaking
and listening abilities, while the other two are for enhancing
one’s comprehension and communicative competence in real-
world reciprocal interactions. The use of the metacognitive
speaking strategies is rated on a 5-point Likert scale from
“Never” (1) to “Very Often” (5). Although the MAILSS can
be used to measure metacognitive speaking strategies, it is
not developed especially for speaking with its focus on EFL
learners’ development of metacognitive awareness in non-
testing conditions. Because of the limitation, the inventory has
not been applied broadly in testing situations (Craig et al.,
2020).

From the above exposition, it can be seen that the advantages
of questionnaires in assessing metacognitive strategy use
rationalizes our development of the SCICASA for investigating
EFL learner’s strategic competence. In addition, the features
of the above four questionnaires, including validity, the
participants on whom the instruments are used, the language
skills investigated via the instruments, and the contexts (testing
or non-testing) where they are applied, account for why

we considered these instruments as the original sources of
the SCICASA.

METHODS

SCICASA Development
The development of the SCICASA was essentially a process of
narrowing down the strategic competence under investigation.
As our research focus was on strategic competence and the
research context where the inventory is expected to be applied
is computer-assisted L2 speaking assessment, in developing the
inventory, we regarded reading, listening, and speaking involved
in the CAIST as a macro speaking modality that integrates
reading and listening as a prior knowledge provider rather than
independent language skills in line with the interpretation of the
test format by English Testing Service (ETS) (ETS, 2021a), the
developer and organizer of the TOEFL iBt. This indicates that
the items in the inventory only relate to speaking, and based on
this, we synthesized the scale items in the four questionnaires
that suggest EFL learners’ metacognitive strategy use in L2
speaking assessment.

Consequently, a total of 40 items that are assumed to elicit
the metacognitive strategies and hence to indicate EFL learners’
strategic competence in the CAIST were generated, which
were classified into planning, problem-solving, monitoring, and
evaluating, the four dimensions of the inventory(see Table 1). A
sample item on planning was “I knew what the task questions
required me to do.” A sample item on problem-solving was
“I drew on my background knowledge to complete the task.”
Items such as “I knew when I should complete a task more
quickly” were used to examine monitoring use and “I evaluated
whether my intended plans worked effectively” was one item
that investigated the use of evaluating. A 6-point Likert scale
was used for each item: 0 (never), 1 (rarely), 2 (sometimes), 3
(often), 4 (usually), and 5 (always). Though the SCICASA was
developed in English, each item was operationalised as a written
statement in Chinese, the native language of the participants, to
reduce possible misunderstandings and enhance the reliability.
Five questions on EFL learners’ background information such as
age and their EFL learning experience were also included in the
SCICASA (Sun et al., 2016).

SCICASA Validation
The validation of the the SCICSA was parsed into two stages:
Initial validation relating to its face validity and content validity,
and factorial validation focusing on the construct validity and the
reliability of the instrument (Byrne, 2016; Kline, 2016). It was in
the second stage that we administered the probe into strategic
competence in the CAIST.

Initial Validation
For face and content validity, four PhD students majoring
in applied linguistics were consulted on the layout, wording,
redundancy, and logic consistency of the inventory. One item
that caused misunderstanding was removed. Two Chinese
professors with a background of English linguistics were
invited to examine the translation of the inventory from
original English to Chinese. They scrutinized the items in
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regard to redundancy, sequencing, clarity, readability, and
comprehensibility. Based on their feedback, potentially confusing
instructions, interpretations, and the scale items were revised.
Modifications were made in item wording, and one new item was
added. The modified inventory was then piloted with 22 students
to evaluate the wording, the structure and the clarity of the items
for the readability and the understandability of the instrument
in its actual users (Byrne, 2016). After piloting, the SCICASA
(the first draft version) was subject to exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA) for its construct
validity (Kline, 2016).

Factorial Validation and Reliability
Evaluation
Participants
The two factor analyses included data from 496 students based
in two universities in a Northern city in the People’s Republic of
China. The students were recruited via convenience sampling on
a voluntary basis, with males and females accounting for 37.64%
(N = 189) and 63.68% (N = 307), respectively. The age range
of the participants was between 18 and 21 years, and on average,
they reported 10(M = 10.36, SD = 1.95) years of formal English
language learning experience.

Almost all the students were enrolled either in the Faculty
of Foreign Language Studies or the International Cooperation
Programmes in the selected research sites and were in their
final academic year before starting their internship or studying
abroad related to English, respectively. This English–related
background enabled the students to be interested in this study
which, they believed, potentially benefited them in their language
preparations for their future career or study. Their interest
contributed to their cooperation, helping to improve the accuracy
of their responses, and hence the validity of the SCICASA
was enhanced (Daniel, 2011; Creswell and Creswell, 2018).
Additionally, the score range of the students on CET-4, an
authoritative test for English language proficiency in China
(Zhang, 2017), was from 425 points to 500 points. According
to the official scoring interpretation of the test published by the
National Education Examinations Authorities (2020), this score
range suggests that the students’ language proficiency was at an
upper-intermediate level as required to take the CAIST (Kyle
et al., 2016; Huang and Hung, 2018; Frost et al., 2020).

Instruments
To establish a research context of authentic speaking tests,
and in line with “cultural neutrality, religious neutrality, and
low controversy-provoking possibility” (Huang and Hung, 2013,
p. 250), we selected one TOEFL iBt integrated speaking section
composed of four tasks from TOEFL practice online data
(TPO2). TOEFL practice online tests are official practice tests that
feature real past test questions and aim at allowing learners to
experience taking the real TOEFL iBt test (ETS, 2021b). Our brief
survey showed that none of them had used these practice tests,
as they had not been aware of their availability. This ensures the
authenticity of the four tasks adopted in our study.

The four speaking tasks involve topics on campus life and
academic lectures. The tasks require learners to read and listen

or to listen before speaking in response to different task types
such as stating an opinion, and arguing for a feasible solution to
a problem, during which various amounts of preparation time
are provided. We used the test tasks without any changes for
authenticity, validity and reliability (Huang and Hung, 2018).
It should be noted that the four speaking tasks come from
the old version of TOEFL iBt which underwent reform in
late 2019.

Data Collection
The first cohort of student participants (N = 254) was invited to
answer the first draft of the SCICASA after they performed the
four test tasks in multimedia laboratories. Data collected were
used for the EFA, generating the second draft of the SCICASA
administered on another different sample of students (N = 242)
for CFA after they completed the same tasks. To counterbalance
the carryover effect, a 20-minute interval between tasks was
provided, and the order effect was minimized through a Latin
square design (Corriero, 2017). Completing the SCICASA took
each student about 20min, and ethical issues were appropriately
addressed after the study was approved by the University of
Auckland Human Participants Ethics Committee (Reference
Number 020972).

Data Analysis
Three steps were involved in EFA: (a) The examination of the
feasibility for EFA with reference to Bartlett’s test of sphericity
(p < 0.05) and the Kaiser-Meyer-Olkin (KMO) test (>0.7);
(b) factor extraction; and (c) evaluating scale items loading
on a particular factor (Byrne, 2016; Kline, 2016). Maximum
Likelihood (ML) estimation and Promax rotations were adopted
for factor extraction and rotation, respectively (Beavers et al.,
2013). In our examination of factor loadings we removed the
items that had a factor loading below 0.4 or that loaded on more
than one factors from the draft SCICASA (Byrne, 2016; Kline,
2016).

The model extracted through the EFA was then cross-
validated in CFA on AMOS 0.24 (Windows version), which
started with model specification, model identification, and
assumption tests. Model specification was built upon the
structure generated from the EFA. Model identification was
conducted with reference to the guidelines proposed by Byrne
(2016) and Kline (2016), which include: (a) Scaling latent
variables (the variance of the first indicator of factors was fixed
to a value of 1. 0); (b) deciding on the number of parameters
(the number of figures reflected by the input matrix should be
not less than the number of freely estimated model parameters);
and (c) deciding on the number of indicators of each latent
variable (≥ 3). The examination of model fit was based on the
fit indices, including Goodness-of-fit (GFI), incremental fit index
(IFI), Tucker-Lewis coefficient (TLI), comparative fit index (CFI),
and the root-mean-square error approximation (RMSEA). The
acceptable cut-off points for GFI, IFI, TLI and CFI were>0.9 and
that for RMSEA was <0.8. After factor analyses, the reliability
of the inventory was evaluated with reference to the Cronbach’s
alpha coefficient and the thumb-up criterion was over 0.8. In the
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CFA, the estimation method of ML was employed as in the EFA
(Byrne, 2016; Kline, 2016).

RESULTS

Exploratory Factor Analysis
Assumption Tests
Descriptive analysis revealed that there were no missing data.
Values of the skewness of the items were between −0.018 and
0.427, and the figures for kurtosis ranged from −0.902 to 0.273,
all falling within the acceptable bounds for univariate normality.
However, 30 multivariate outliers were discovered and removed,
making the final sample size to be 224 participants for a 40-item
scale, meeting the thumbs-up rule: The subject-to-variable ratio
should be 5:1 (Byrne, 2016; Kline, 2016).

The subsequent regression analysis displayed that values of
tolerance of the items were all above the cut-off point of 0.2,
and the numbers of their variance inflation factor (VIF) were all
< 5, the cut-off boundary. Such results indicated the absence of
multicollinearity. Given the rather large number of items in the
SCICSA, linearity was examined between the itemwith the strong
negative skewness and the item with the strong positive skewness
via a scatterplot, which also disclosed the multivariate normality.
To evaluate the factorability of the dataset, we examined the
Bartlett’s Test of Sphericity and KMO test via initial factor
analysis. The results showed that the strength of the relationships
between variables was statistically significant: χ2 (df = 780) =
4740.273, p < 0.001, which evidenced that the number of the
items (N = 40) of the draft SCICASA was statistically sufficient
for an EFA procedure (Byrne, 2016; Kline, 2016).

Factor Extraction and Rotation
In the initial round of the EFA, with reference to the eigenvalues,
the scree plots and the percentage of variance, eight factors
were extracted, which explained 62.159 % of the total variance.
However, 39 items with their factor loadings above the cut-off
value of 0.4 fell on one extracted factor. After factor rotation,
numbers from the Pattern Matrix showed that items with factor
loadings above 0.4 scattered among the eight factors. Despite
this, none of the factors had at least three items (the cut-
off criterion), indicating the failure of the factor extraction.
Given the parsimony and the meaningfulness of the eight-
factor solution in light of the working taxonomies of strategic
competence presented in Table 1, an alternative approach to
extracting factors was employed in accordance with our review
of the relevant literature (Qin, 2003; Byrne, 2016; Kline, 2016)
and our consultation with an in-house professor of statistics: The
number of factors and their namewere determined prior to factor
extraction. Accordingly, four factors were generated: Planning,
problem-solving, monitoring, and evaluating.

After the first round of EFA on the four-factor solution, the
four factors only explained 49.96 of the total variance, and indices
of the model fit (GFI) of this solution [χ2 (df= 626)= 1105.671,
p ≤ 0.001] did not demonstrate improvement compared with
the eight-factor solution [χ2 (df = 488) = 700.17, p ≤ 0.001].
Meanwhile, values in the Pattern Matrix showed that factor
loadings of six items were <0.4 on any of the four factors. After

the exclusion of these undesired items in the second round of
EFA, a dramatic improvement was seen in the model fit: χ2 (df
= 321) = 590, p ≤ 0.001, and the total variance explained by the
four factors increased to 54.94%. Following the same procedure,
we conducted five rounds of extractions and rotations, which
generated a structure composed of 28 items underpinned by
the four factors. The proportions of the variance explained by
the factors were 39. 23% (planning), 6.66% (monitoring), 6.14%
(problem-solving) and 6.14% (evaluating), and the model fit
indexes were: χ

2 (df = 272) = 526. 27 (p ≤ 0.001), which
suggested a good structure. In addition, the output of the
Component Correlation Matrix revealed moderate inter factor
correlations (≥0.3 but ≤0.8), indicating the appropriateness of
the Promax rotation run on this dataset (Byrne, 2016; Kline,
2016).

Reliability Evaluation
Reliability analysis after the EFA included evaluating the
subscale reliability and the full-scale reliability with reference to
Cronbach’s alpha coefficient α. Results showed that both were
above 0.8, revealing good consistency within each factor and
within the SCICASA. The factor loadings of the 28 items and
their internal and the overall reliability are reported in Table 2.

Confirmatory Factor Analysis
Model Specification and Model Identification
After model specification and identification, a zero-order model
(Model A) composed of four correlated factors was established.
In the model, variance of the first indicator of each of the four
factors was fixed to 1 by default on the AMOS. Based on the
formula of 1/2 [P (P + 1)] where P refers to the number of
the items of the SCICASA after EFA (P = 28), the number
of the parameters in the matrix was 406, greater than that
of freely estimated model parameters (62). Moreover, each of
the four factors had more than three indicators, the boundary
criterion: Nine indicators for planning and monitoring, and five
indicators for problem-solving and evaluating. Each indicator
was constrained to only one factor with error terms associated
with each indicator variable uncorrelated (Byrne, 2016; Kline,
2016).

Assumption Tests
In accordance with the cut-off criteria explained above in
EFA, values of the skewness (0.051–0.264) and the kurtosis
(−0.897 to −0.397) of the 28 items indicated the approximate
normal distribution. The subsequent visual inspection of the
histograms with normality curves, box plots, and Q-Q plots
further evidenced the data normality (Kline, 2016).

In light of the Chi-square value (56.892, α = 0.001, df =
28), a total of 24 undesired cases were removed, which reduced
the sample size to 218, meeting the suggested requirement: The
sample size >200 is considered as a large sample size for CFA.
The regression analysis revealed that the values of tolerance were
above the cut-off value of 0.2, and the values of their VIF fell
within the acceptable boundary (≤5), indicating the absence of
multicollinearity. Nonetheless, collinearity and homoscedasticity
testing showed that there was bivariate non-normality in the
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TABLE 2 | Results of EFA and the reliabilities of the four-factor SCICSA.

Factor loadings

Factors Items P M PS E α

P Q1 0.521

Q2 0.513

Q3 0.670

Q4 0.809 0.886

Q5 0.734

Q6 0.626

Q7 0.523

Q8 0.683

Q9 0.679

PS Q14 0.643

Q15 0.645

Q17 0.740 0.845

Q19 0.701

Q20 0.719

M Q23 0.563

Q24 0.430

Q26 0.473

Q27 0.610 0.871

Q28 0.474

Q29 0.787

Q30 0.505

Q31 0.625

Q33 0.628

E Q35 0.621

Q36 0.595

Q37 0.677 0.859

Q38 0.880

Q39 0.654

Overall reliability 0.941

P, planning; PS, problem-solving; M, monitoring; E, evaluating; Q, question; α,

Cronbach’s alpha.

variables; hence, the comprehensive multivariate normality was
violated (Byrne, 2016; Kline, 2016).

Examination of Offending Estimates
Examining the offending estimates was to ensure the feasibility
and the statistical significance of all the parameters estimated.
It was a fundamental step before model fit evaluation, which
included the inspection of the correlation between constructs
(convergent validity), standardized factor loadings and standard
errors. According to Byrne (2016) and Kline (2016), values
of correlation coefficients between constructs should be <0.8;
values of standardized factor loadings cannot be close to or
exceed 1; and the standard errors should be >0. After the first
round of CFA, all these parameters were shown as not offending
estimates, though the correlation coefficient between monitoring
and evaluating was 0.81, slightly >0.8. Such results suggested the
appropriateness of model fit evaluation (Kline, 2016).

Model Evaluation
As multivariate normality was violated, multivariate normality
was re-investigated during the first round of the CFA. The
value of the Mardia’s coefficient multivariate kurtosis was found
to be 136.091, and its critical ratio or C.R. was 24.286, both
greater than the threshold criteria: Normalized multivariate
kurtosis should be < 5, and the value of C.R. should be <1.96.
Therefore, multivariate non-normality was identified. For non-
normal correction, bootstrapping procedure was run so that the
bias-corrected confidence intervals of the parameter estimate,
and the corrected general model fit indices were examined for
model evaluation (Byrne, 2016; Kline, 2016).

Results of the model fit indices of Model A were: χ
2 (df

= 344) = 750.034, p = 0.000. As the value of χ
2/df was

2.18, larger than the cut-off point (≥ 2), and the p-value was
found to be 0.00, less than the thumb-up value of 0.05, the
model was not satisfactory. Additionally, values of CFI, GFI,
and TLI were all <0.9, the criteria for an acceptable model.
Given that these indices were estimated under the condition of
multivariate non-normality, bootstrap standard errors of each
parameters and bootstrap confidence were inspected for bias
corrected parameters. After the bias correction, all these indices
were statistically significant: p-values of the bootstrap standard
errors were <0.001, while their bootstrap confidence did not
fall on the value of zero. Bollen-Stine bootstrap value was
also examined for the bias-corrected general model fit which
was equal to zero. The outcome of the bootstrapping was
consistent with the original model fit examination, suggesting
that Model A did not fit the current dataset and therefore
modification was needed for a better model fit (Byrne, 2016;
Kline, 2016).

Model Modifications
Model modification was conducted with reference to factor
loadings, modification indices and standardized residual weights.
As Byrne (2016) and Kline (2016) proposed, an ideal factor
loading should be >0.7. Further, the observed variables with
standardized residual weight >1.6 for p < 0.05 may indicate
areas of strain and should be removed. In line with this, two
undesired items were deleted, which improved the model fit and
generated Model B. The inspection of the modification indices
of Model B led to the inclusion of extra six paths between error
terms, which resulted in a better Model C. Final modification
involved the deletion of variables with undesired standardized
residual weights. After the modification, Model D composed
of 23 items was established with desired model fit indices:
Although the index of CFI (0.892) was still less than the cut-
off value of 0.9, other indices were satisfactory. In addition,
the bootstrap estimates proved that the bias-corrected bootstrap
standard errors and the intervals of the parameters in the model
were all acceptable. In addition, a bias-corrected p-value ofModel
D was 0.204, much greater than the threshold (0.05), indicating
the statistical significance of the model fit. Detailed model
indices of the four models generated in CFA are summarized
in Table 3, and Figure 1 illustrates the factor loadings of the
23 items and the correlation coefficients of the four factors
in Model D.
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Validity and Reliability
Model validity and reliability were assessed with reference to the
values of the Composite Reliability (CR > 0.7), Average Variance
Extracted (AVE > 0.5) and Maximum Shared Variance (MSV ≤

TABLE 3 | Model fit indices for four rounds of modifications.

Models χ
2 CMIN/DF CFI GFI TLI RMESEA SRMR

Model A 750.034 2.18 0.884 0.799 0.872 0.074 0.0616

Model B 628.765 2.14 0.897 0.814 0.886 0.073 0.0608

Model C 553.975 1.93 0.919 0.839 0.908 0.066 0.0567

Model D 302.577 1.388 0.968 0.892 0.963 0.043 0.0512

AVE). As shown in Table 4, the values of CR for the factors were
satisfactory; the value of AVE for monitoring was a little less than
the cut-off criterion of 0.5; and the values of MSV for monitoring

TABLE 4 | Validity and reliability of Model D.

Factors CR AVE MSV

M 0.893 0.483 0.664

P 0.910 0.558 0.452

PS 0.878 0.591 0.436

E 0.867 0.566 0.664

M, monitoring; P, planning; PS, problem-solving; E, evaluating.

FIGURE 1 | Model D. P, planning; PS, problem-solving; M, monitoring; EV, evaluation; Q, Question.
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and evaluation were slightly greater than the values of their
AVE. Those numbers indicated that Model D did not meet the
requirements on construct validity. Despite this, given the fairly
large sample size, and the ideal overall fit indices demonstrated by
Table 3, this minor discrepancy between the actual values and the
cut-off points was tolerable (Byrne, 2016; Kline, 2016). Therefore,
Model D was accepted to fit the dataset.

DISCUSSION

The development and validation of the SCICASA was essentially
a process in which we probed the EFL learners’ strategic
competence in the CAIST. The 4-factor model validated
via EFA and CFA (see Figure 1) revealed EFL learners’
strategic competence in the CAIST. To be specific, the first
factor, linguistically labeled planning, refers to EFL learners’
determination of their objectives and how to achieve the expected
goals in test performance. This planning construct is reflected by
six items (e.g., I was aware of the need to plan a course of action).
The second factor is labeled problem-solving, which is highly
related to what the EFL learners did when encountering problems
in the test such as making a guess or using a substitute. Five
items represent this factor and examples of these items include
“I guessed the meaning of the unknown words or expressions
by using my knowledge (e.g., words in the context, knowledge
of word information and of the topic).” The third construct is
monitoring which refers to the EFL learners’ examination of what
they did in the test for a given plan. An example item is “When I
was speaking, I knew when I had spoken in a way that sounded
like a native speaker.” The fourth factor is evaluating, which
displayed the EFL students’ response to post-test self-evaluation.
The construct is represented by items such as “I evaluated my
performance satisfaction as I moved along the task.” Detailed
constructs and the item scales of the SCICASA that reflect EFL
learners’ strategic competence in the CAIST are presented in
the Appendix.

In addition, the SCICASA helped us identify that problem-
solving, though typically not included in the widely applied
three-component model of metacognitive strategies, is one of the
fundamental components of EFL learners’ strategic competence
in the CAIST. Given that the participants are Chinese EFL
learners, such identification is supported by studies such as Sun
(2016) and Zhou (2020), who postulated that problem-solving is
one of the key strategies that Chinese EFL learners must master
in their daily EFL learning activities. Learning experiences of
such likely made it natural for the participants to use problem-
solving in L2 assessment. Chinese EFL learners’ problem-solving
strategy use as evidenced in the inventory was also reported in
the study by Yin (2013), who discovered that problem-solving
workedmore effectively in Chinese EFL learners’ performance on
speaking tasks. In fact, this phenomenon is not unique to Chinese
EFL learners. According to Cohen (2018), L2 learners tend to use
strategies in line with a specific language skill or modality, which
put strategy use in a well-placed position. Additionally, such
a relationship coincides with the view held by Oxford (2017),
who proposed that the use of L2 learning strategies, including

metacognitive strategies, is associated with a specific language
skill area.

Furthermore, the validation provides empirical support
for some researchers who advocated the inclusion of
problem-solving in the metacognition model (e.g., Chamot,
2009). It accordingly proves that Bachman and Palmer’s (2010)
strategic competence model should be reconsidered, and the
problem-solving strategy is expected to be included. The
inclusion will serve as a research effort to respond to the
proposal from some scholars in L2 assessment: Metacognitive
strategies validated by empirical studies should be included in
Bachman and Palmer’s (2010) strategic competence model for its
comprehensive validity (e.g., Phakiti, 2016). On the other hand,
the validation of planning, monitoring, and evaluating reflected
in the SCICASA lends support for Bachman and Palmer’s (2010)
model. Moreover, the high correlation coefficients of the four
constructs validated by the CFA demonstrate the interactions of
the four individual metacognitive strategies with one another
in the EFL learners’ response to L2 speaking assessment.
The interactions are consistent with the working mode of
the construct advocated by scholars such as Flavell (1979)
and Takeuchi (2020): Metacognitive strategies operate either
independently or interactively in task performance. Finally,
from the perspective of speaking, the inventory adds validating
evidence for the L2 speech production models proposed by
Kormos (2011) and Bygate (2011), where planning, problem-
solving, monitoring, and evaluating work independently
and interactively.

CONCLUSION AND IMPLICATIONS

We conducted our investigation into EFL learners’ strategic
competence in the CAIST through developing and validating the
SCICASA. The high validity and reliability of the inventory reveal
that in performing the test, EFL learners used planning, problem-
solving, monitoring, and evaluating as assumed. Our pioneering
attempt to integrate our study on strategic competence in
L2 speaking assessment into instrument development and
validation will provide some new insights into research design
for researchers in this field. Given the decontextualization of
the available metacognitive strategy questionnaires in the field,
the presence of the SCICASA may help address, to some
degree, this problem in empirical studies. In addition, the
availability of the inventory will permit language educators to
understand learners’ internal strategic response to L2 integrated
speaking test tasks. Considering the extensively recognized
washback effect of the test format, such an understanding will
provide pedagogical implications for EFL teachers’ classroom
instructions related to metacognitive scaffolding, especially in
teaching EFL learners in China, a context where English is
not widely used as a common lingua franca. In the Chinese
context, research on strategic competence mainly focuses on
the teachability of the construct, and little is known on how
Chinese EFL learners’ strategic competence works in actual
learning activities (Wang et al., 2015). Similarly, the new
instrument might have a role in helping test developers examine
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whether test tasks truly elicit assumed strategic behaviors
from test-takers as required for meeting the assumptions
of test validity and reliability (Bachman and Palmer, 2010).
Furthermore, the use of the SCICASAmay help redefine strategic
competence in CALA for the advancement of such a cutting-edge
format in L2 assessment advocated by some researchers (e.g.,
Park, 2018).

Of note is that, although the context where the SCICASA
was custom-designed is the CAIST, the contextualisation does
not exclude the employment of the inventory in speaking tests
in any forms and the speaking activities in non-testing contexts.
The reason has to do with the diverse sources from which the
inventory was developed.

LIMITATIONS AND FURTHER STEPS

Due to the convenience sampling, the participants had similar
backgrounds, particularly, in their English learning experience
and the level of EFL proficiency. Additionally, a total of 496
participants might meet the sample size requirement for EFA
and CFA (e.g., Byrne, 2016), but may not reach the thump-up
criterion expected by others. As a result, the limitations caused
by the participants’ homogeneity and the sample size may restrict
the generalisability of the research results to other populations
(Gurven, 2018). Further, although the SCICASA is expected
to be used in the computer-assisted L2 speaking assessment,
the scale items primarily focus on strategic competence
and hence do not reflect the properties of the computer-
assisted testing, which may weaken the contextualization of
the inventory.

It is therefore necessary for us to recommend that a larger
sample size characterized by more heterogeneity be adopted in
future research so that the representativeness of EFL learners
will be enhanced. In addition, the items pertaining to the
characteristics of the computer-assisted assessment context, such
as EFL learners’ familiarity with the testing equipment that may

influence their strategy use, should be included in the inventories
of relevance for better contextualisation.
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APPENDIX

The Strategic Competence Inventory for
Computer-Assisted Speaking Assessment
Part One
Please provide your information by ticking (

√
) in the box or

write your responses in the space so we can better understand
your answers.

• Code:
• Age:
• Gender: Male_2 Female_2 Gender diverse_2
• The years you have been learning English to present:

7∼9 years_2 10∼12 years_2 13∼15 years_2Others_______.

• English proficiency reflected by test

CET4_2 CET6_2_ BEC_2 IELTS_2 TOEFL_2

Part Two
Please read each of the following statements and indicate how you
thought about completing the task during the integrated speaking
test by ticking (

√
) 0 (never), 1 (rarely), 2 (sometimes), 3 (often),

4 (usually), and 5 (always)

Your thinking 0 1 2 3 4 5

1. I knew what the task questions required me to do

2. I was aware of the need to plan a course of action.

3. I thought about what to do to complete the task well

4. I made sure I clarified the goals of the task

5. I understood the essential steps needed to complete the task

6. I organized the structure of what I was going to say before speaking.

7. I guessed the meaning of the unknown words or expressions by using my knowledge (e.g.,

words in the context, knowledge of word information, knowledge of the topic.

8. I used the context to guess the topic

9. I drew on my background knowledge to complete the task

10. I made up new words or guess if I didn’t know the right ones to use

11. I used a word or phrase that means the same thing when I could not think of a word in

English.

12. I knew when I should complete a task more quickly

13. I knew when I should complete a task more carefully

14. I knew how much time had gone by.

15. When I was speaking, I knew when I had spoken in a way that sounded like a native

speaker.

16. I related the incoming information to what I had known

17. When I was performing my task, I took notes on the important words and concepts.

18. I knew what to do if my intended plan did not work efficiently during the task.

19. I mentally give myself a grade after I finished my task

20. I checked whether I had accomplished my goal after completing my task.

21. I checked the mistakes I had made in the task.

22. I evaluated my performance satisfaction as I moved along the task.

23. I evaluated whether my intended plans worked effectively
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