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Many countries’ curriculum reforms focus on developing the next generations’
competencies of self-directed learning (SDL) to address rapid social changes and
sustainable environmental development. Taiwan's curriculum reform corresponds
with the global trend in education. The latest curriculum reform, which proposed
a 12-year basic education, was implemented in 2018 and included SDL explicitly
in its guidelines. The reformed curriculum guidelines have been followed for over
3years. Thus, itis necessary to conduct a large-scale survey to examine its impact
on Taiwanese students. However, existing research instruments help provide a
generalized analysis of SDL and have yet to be designed specifically for SDL of
mathematics. Therefore, we developed a mathematics SDL scale (MSDLS) and
examined its reliability and validity in this study. Subsequently, MSDLS was utilized
toinvestigate Taiwanese students’ SDL of mathematics. The MSDLS consists of four
sub-scales with 50 items. It has acceptable reliability, validity, and measurement
invariance across gender and grade groups. The MSDLS was administered online
to 5,575 junior high school students, and 5,456 valid responses were collected.
The findings highlight the gender and grade differences in SDL of mathematics.
Male students are higher than female students in many factors. It is noted that the
SDL in mathematics does not increase with grade. In sum, the MSDLS is a helpful
instrument for examining secondary school students’ SDL of mathematics.

learning scale, mathematics education, self-directed learning (SDL), self-direction, self-
reguated learning

1. Introduction

In response to the rapid changes in society and the environment in the 21st century,
countries around the world are pursuing quality education and social justice. They consider what
and how the next generation should learn (Senge et al., 2000). For example, the New Zealand
Curriculum identifies five key competencies. Among the five key competencies, managing self
means that students should establish personal learning goals, set high standards, make plans,
manage projects, and have strategies for meeting challenges (New Zealand Ministry of
Education, 2007). Hong Kong has been promoting the “Learning to Learn” curriculum reform
since 2001, updated the curriculum framework to “Learning to Learn 2.0” in 2017, and added
self-directed learning (SDL) abilities (H.K. Curriculum Development Council, 2017), hence
enabling students to become independent and self-directed learners. The Organization for
Economic Cooperation and Development (OECD) has included self-direction in the
mathematical assessment framework of the Program for International Student Assessment
(PISA) as a key 21st century skill (OECD, 2018). In other words, SDL has gradually become the
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common language for curriculum reform in many countries
or regions.

Taiwan’s curriculum reform corresponds with the global trend in
education. This is the first time that SDL has been included in the
Curriculum Guidelines of 12-Year Basic Education: General
Guidelines (referred to as general guidelines) and SDL is considered
a prerequisite for lifelong learning and whole-person education
(National Academy for Educational Research, 2018). The general
guidelines use the core competencies as the basis of curriculum
development. These competencies are divided into three broad
dimensions: spontaneity, communication and interaction, and social
participation. SDL functions as the purpose and process of the
development of core competencies. As an element of core
competencies, SDL demonstrates learners’ knowledge, skills, and
attitudes related to learning after completing 12-year basic education
and lays the foundation for lifelong learning and career development.
In addition, SDL becomes an indispensable process for the
development of core competencies. Students set learning goals and
adopt strategies to achieve these goals through SDL. In this process,
they continuously evaluate the gap between the current scenario and
the goals and revise their strategies to reduce the gap and move
towards the goals.

The general guidelines encourage elementary and secondary
schools to integrate SDL into school-based curricula (National
Academy for Educational Research, 2018, pp. 11, 13) and alternative
learning periods (pp. 21, 28). Schools and teachers should guide
students in learning how to learn, including general learning strategies,
domain learning strategies, and metacognitive strategies (National
Academy for Educational Research, 2018, p. 48). High schools should
include the spirit and practice of SDL in school-based curriculum
development and key items of school evaluation and school visits. In
Taiwan’s curriculum reform, the general guidelines serve as a guiding
document of curriculum development and guide the construction and
design of domain-specific curriculum guidelines (referred to as
domain guidelines). Therefore, the spirit of SDL is explicitly included
or incorporated into the domain guidelines. For example, the core
competencies of the mathematics curriculum guidelines at the junior
high school level are “students should be able to identify the
connection between real-life problems and mathematics, develop
problem-solving strategies from multiple perspectives, and apply them
in real-life scenarios” (Ministry of Education, 2018, p. 3). Including
SDL in the mathematics curriculum guidelines prepares students for
university study and career development and addresses the problem
of low motivation, low self-confidence, and negative attitudes of
Taiwanese students in previous international mathematics learning
achievement assessments.

Although Taiwan’s curriculum reform emphasizes SDL, SDL is not
clearly defined in the general and domain guidelines. Furthermore,
although PISA (OECD, 2018) includes self-direction in the 2022
mathematical literacy assessment framework, it does not provide the
definition and related aspects of SDL in mathematics. Therefore, this
study aimed to construct a mathematics SDL scale and examine its
reliability. This study conducted a survey in Taiwan and examined the
differences in SDL in mathematics across demographic variables. As
the curriculum reform of 12-year basic education was implemented
more than 3 years ago, it is necessary to develop a research instrument
to investigate the current scenario of SDL in mathematics among
Taiwanese students. This paper aims to clarify the concept of SDL in
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mathematics in the context of curriculum reform and propose a
measurement tool to facilitate the understanding and discussion of
this 21* century skill in the academic world. From a practical
perspective, this paper identifies possible problems in implementing
the new curriculum guideline and proposes some educational
policy recommendations.

Thus, the objectives of this investigation are dual-fold: (a)
fashioning a mathematical learning scale of self-direction and
evaluating its reliability and validity and (b) exploring the SDL
variance in mathematics with respect to gender and scholastic levels.

2. Literature review

2.1. Definitions of self-directed learning
(SDL)

SDL has received much academic interest over the past four
decades (Panadero, 2017) and has had various definitions (de Bruin
and van Merriénboer, 2017; Brandt, 2020). Knowles (1975) defined
SDL as a means for individuals to actively diagnose their own learning
requirements, set learning goals, find relevant learning resources,
select and apply appropriate learning strategies, and evaluate learning
outcomes. SDL is often confused with self-regulated learning (SRL),
but SDL has been considered a broader concept encompassing SRL
(Saks and Leijen, 2014). The general guidelines also consider SRL as a
sub-process of SDL and emphasize its development in elementary
schools (National Academy for Educational Research, 2018). SRL
provides learners with the self-direction to use their mental abilities
to regulate their learning behaviors, transform their mental abilities
into academic performance, and perform self-reflection after learning
tasks, thereby preparing themselves for the next learning task
(Zimmerman, 2008). Therefore, SDL is closely related to
metacognition. Some scholars, such as Mevarech et al. (2018), believed
that the
mathematics classrooms.

two terms can be considered synonymous in

Although academic perspectives on SDL are divergent,
commonalities exist among the views that focus on how learners
organize, guide, and monitor individual learning activities. Steffens
(2015) believed that the object of SDL theory is not the learning itself,
and it is closer to a meta-theory focusing on how to learn. It involves
learning motivation, learning strategies, learning regulation, and
learning resource management (National Academies of Sciences,
Engineering, and Medicine, 2018). Zimmerman (2000) believed that
the key to SDL is self-regulation, which is a three-stage cycle that
includes motivation and self-efficacy, strategy development and
implementation, and self-monitoring and self-adjusting. Self-directed
learners demonstrate excellent self-control abilities in cognitive and
behavioral strategies, and these abilities are reflected in their active
participation in learning activities and excellent academic
achievements (Schunk and Rice, 1987, 1991). In addition, self-directed
learners can manage learning resources and seek help when they
encounter challenges (Schunlk, 2012).

The mathematics education community has been exploring SDL
for a long time, focusing on planning, monitoring, evaluating, and
reflecting in problem-solving. In the influential book, “How to Solve
It Polya (1957) proposed a four-step model for problem-solving:
understanding the problem, developing a problem-solving strategy,
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implementing the strategy, and reviewing the solution. First, the
problem solver should understand the problem, identify the type of
problem by its conditions, devise a problem-solving plan, select a
problem-solving strategy, implement the problem-solving plan, and
monitor the effectiveness of the strategy. After obtaining the solution,
the problem solver should check whether the solution is correct and
whether a better solution exists. Schoenfeld (1985) extended Polya’s
view of problem-solving by proposing a six-step model: reading the
problem, analyzing the problem, exploring the known conditions and
goals of the problem, devising a problem-solving plan, implementing
and monitoring the plan, and evaluating the solution. He believed that
mathematical problem-solving includes four elements: knowledge
resources (resources), strategy exploration (heuristics), control
(control), and belief systems (belief systems). The control is self-
regulation, which is the key to the mathematical problem-solving
process (Schoenfeld, 1992). Schoenfeld's (1985) research became the
theoretical basis for many subsequent studies related to SDL in
mathematics (Mevarech et al., 2018).

2.2. Previous views on SDL

SDL covers a wide range of concepts. Some scholars discuss it
from a holistic perspective and others focus on a particular direction
(Brandt, 2020). Bandura's (1977) social cognitive theory proposed the
concept of SDL at an early stage. He believed that SDL is the result of
individuals’ external behaviors and the process by which individuals
monitor, evaluate, and modify their cognition, motivation, emotions,
and behaviors. Some scholars (such as Winne, 1996) focused on
cognitive processes, such as whether learners have the necessary
knowledge, abilities, and strategies to achieve goals. Self-directed
learners demonstrate excellent self-control abilities in cognitive and
behavioral strategies, and these abilities are reflected in their active
participation in learning activities and excellent academic
achievements (Schunk and Rice, 1987, 1991). Some scholars (such as
Corno, 2001) indicated that many students fail to perform SDL not
because they lack the relevant knowledge and ability, but because they
lack the willingness to use it in the classroom. Therefore, motivation
and attitude have an important role in SDL. When learners enter a
classroom and begin learning, their personal goals, self-efficacy,
values, and emotions determine how they approach the task (namely
learning strategies) and how much effort they apply to it (Schunk and
Mullen, 2013; Wiliam, 2018). Most studies on SDL use self-report
scales (Saks and Leijen, 2014), and the commonly used scales include
the self-directed learning readiness scale (SDLRS) developed by
Guglielmino (1977) and the motivated strategies for learning
questionnaire (MSLQ) developed by Pintrich et al. (1991). The SDLRS
and MSLQ assess general SDL skills. They have been translated into
multiple languages and implemented in many countries and have
excellent reliability and validity.

Many studies indicated SDL abilities can be acquired and
improved (Gabrielle et al., 2006; Amey, 2008; Dignath et al., 2008).
Chen et al. (2021) conducted a large-scale survey using SDLRS and
observed that the 12-year basic education curriculum assisted in
improving the SDL readiness of high school students. Teaching
students SDL skills can enhance their mathematical reasoning
(Schoenfeld, 1992; Mevarech and Kramarski, 2014). Note that

although SDL is considered a domain-general skill, it can only
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be effectively taught and developed in a domain-specific context, e.g.,
mathematics (Kirschner and Hendrick, 2020; Schunk, 2020). The
more mathematical knowledge and strategies one has, the more
effective one can self-monitor and self-regulate in mathematics
learning (Schoenfeld, 2014). Developing and applying SDL skills in
domain-specific learning, such as using general learning strategies and
problem-solving strategies in mathematics learning, can improve
mathematics learning performance and facilitate learning transfer
(Schunk, 2012). Research demonstrates that K-12 students and adults
who plan, monitor, evaluate, and reflect when solving mathematical
problems perform better in problem-solving (Stillman and Mevarech,
2010). In mathematics learning, self-regulation is highly correlated
with academic achievement, particularly in solving complex,
non-routine, and unfamiliar mathematical problems (Mevarech et al.,
2018). Gender and grade differences have been observed in
SDL. Females have a lower self-efficacy in solving mathematical
problems than males and often attribute low performance to
uncontrollable factors (low ability and difficult tasks) (Vermeer et al,
2000). SDL abilities may increase as grade level increases (Chen et al.,
2021), but some dimensions (such as motivation and self-confidence)
may decrease as grade level increases (Mok et al., 2007).

In sum, the importance of SDL in mathematics education is
evident, as these skills have been identified as crucial factors in
improving student performance. It is noted that there need to be more
well-developed learning scales to assess and measure self-directed
learning skills in mathematics education effectively. While existing
self-report scales, such as SDLRS and MSLQ, have been widely used
and validated, they primarily assess general SDL skills. This research
gap presents an opportunity for researchers to create targeted and
reliable instruments that will enhance our understanding of the role
of self-directed learning in mathematics and support educational
strategies to foster these skills in students.

3. Research methods
3.1. Study participants

This study was divided into a pretest sample and a final sample.
The pretest sample was used for item analysis and exploratory factor
analysis (EFA). The final sample was used for confirmatory factor
analysis (CFA), cross-validation, and measurement invariance tests.
Crocker and Algina (2006) suggested that the number of participants
should be at least five times the number of items in item analysis. If
the number of participants is 10 times the number of items, the results
will be more stable. Therefore, this study invited students from a
private junior high school that accepts applications from all students
in Taiwan to complete the online survey and used the data as a pretest
sample. As a NAER partner school, it has been implementing an SDL
curriculum since the development of the general guidelines.
Additionally, it is the target of NAER’s survey on the effectiveness of
the implementation of the new curriculum guideline and it is
representative. Students from this school could answer the online
survey from September to mid-October 2021. There were 681 valid
responses, and the return rate was 99.5%.

The final sample was obtained from six other NAER partner
schools, which are also the targets of NAERs survey on the
effectiveness of the implementation of the new curriculum guideline.
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These schools have different sizes and are in the northern, central,
southern, and eastern regions of Taiwan; hence, they are regionally
representative. The researcher invited all students to complete the
online survey, but some schools only permitted seventh and eighth
graders to participate in the survey because the ninth graders were
preparing for the high school entrance exams. A total of 5,575 students
completed the online survey between the end of October and
December 2021, and 5,456 valid responses were collected. The return
rate was 97.8%.

3.2. Scale development and validation

The scale was developed in two stages: scale development and scale
validation. The first stage involved constructing the items of the scale
based on the curriculum guideline document and literature review of
SDL. The second stage was divided into three sub-stages: content validity
testing, pretest analysis, and formal test analysis, as shown in Figure 1.

3.2.1. Scale development

Because SDL is both domain-specific and cross-disciplinary, this
study first defined the SDL in junior high school mathematics based
on Schoenfeld's (1985) and Zimmerman's (2000) theories and the
12-year national mathematics curriculum guidelines. Subsequently,
this study used the Delphi technique to examine and modify the
definition. Delbecq et al. (1975) suggested that the number of experts
in the Delphi technique should be 15 to 30 when the homogeneity of
experts is high and can be reduced to five to ten when the homogeneity
is low. However, if the number of experts in the Delphi technique is
more than ten, the error of the expert group is minimized, and the
group is most credible (Dalkey, 1969). Therefore, this study invited 15
experts, including the general guideline development committee, the
mathematics curriculum guideline development committee,
mathematics education scholars, mathematicians, scholars who
conduct tests and assessments, and expert mathematics teachers to
participate in the expert group of the Delphi technique. These experts

10.3389/fpsyg.2023.1145442

provided advice from various professions and perspectives. After two
Delphi techniques, all experts agreed that the definition of SDL in
mathematics at the junior high school level is, “A junior high school
student who has the SDL ability in mathematics is motivated to learn,
can assess his/her learning needs, set learning goals, use strategies and
resources to help achieve learning goals, identify and adjust his/her
learning status, solve mathematical problems effectively, and reflect on
the effectiveness of mathematical problem-solving strategies.” Students
who have completed three-year junior high school mathematics
learning of the 12-year basic education should possess
SDL competencies.

After establishing the definition of SDL in mathematics, the
researcher used the definition to develop the scale from four
dimensions: learning motivation, learning strategies, mathematics
self-regulation, and learning resource management. According to
experts recommendations, the researcher adopted a four-point Likert
scale that included strongly agree, agree, disagree, and strongly
disagree. The researcher referred to SDL-related literature and scales
(such as SDLRS and MSLQ; Mevarech and Kramarski, 2014), selected
items from international surveys such as TIMSS and PISA, and
modified the items. Additionally, the researcher compiled some items

based on the definition to expand the item database of the scale.

3.2.2. Scale validation

In this stage, this study examined the content validity. Referring
to Cheng et al. (2010), the researcher invited the 15 experts to evaluate
each item individually and independently using a four-point Likert
scale. The scoring criteria were as follows: (i) Appropriateness: this
item reflects the definition of SDL in mathematics and is appropriate
for assessing junior high school students and (ii) Clarity: this item is
clear and easy to understand for junior high school students. After
evaluating each item, the experts provided a score of 4 for the item
being highly appropriate, clear, and precise, 3 for the item being
appropriate and requiring minor revisions, 2 for the item being less
appropriate and requiring major revisions, and 1 for the item being
inappropriate and should be deleted. During the examination and

Literature Review Scale Development Pretest Analysis Formal Test
o Curriculum o Learning o o Critical Value Analysis
Guidelines Motivation Validity e Corrected Item- : CFA -
o Self-Direction »e Learning > Testing » Total »e Cross-Validation
o Self-Regulation Strategies o LCVI Correlation e Measurement
o Learning Strategies o Self-Regulation in o S.CVI e EFA Invariance Test
o Problem-Solving Mathematics I. o Test for Gender
e Learning E Difference
Resource i o Test for Grade
. 1
! .
! Management E Difference
) 1
1 I ;
| i |
! T 1 i
i : : .
1
---- Scale et Scale Validation .------- ;
Development
FIGURE 1
Framework for the development and validation of the mathemetics SDL scale.
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grading process, the experts provided advice for the revision of the
items if necessary. After the experts rated the items, the researcher
calculated the content validity index (CVI) based on their ratings. The
CVI value of each item (I-CVI) is the number of experts scoring three
or more divided by the total number of experts. The CVI value of the
scale (S-CVI) is the average of the I-CVI values within the scale (Polit
and Beck, 2006). After the scale and the items passed the content
validity test, a first draft of 68 items was completed.

This study used 68 items in the pretest and conducted item
analysis and EFA. The researcher removed items with low-quality
scores from the first draft based on the critical values and corrected
item-total correlation (Spector, 1992) to ensure the quality of the items
on the scale. Subsequently, this study conducted EFA, extracted factors
using the principal axis factoring (PAF) method, and determined the
number of factors based on the Kaiser eigenvalues greater than one
and Cattell’s scree plot. Because the factors were correlated with each
other, in terms of the factor rotation methods, this study used the
Promax method of oblique rotation to perform the rotation. The
selection criterion was that the factor loading of the pattern matrix
was greater than 0.40 (Wu, 2012), and 50 items were selected.

Subsequently, the researcher conducted the formal test, CFA,
cross-validation, and measurement invariance tests across gender and
grade. This study used the structural equation models to construct
measurement models for the observed variables based on the EFA
results and analyzed the results using AMOS 22.0 software and the
maximum likelihood (ML) estimation method to confirm the
composite reliability and convergent validity of the data. However,
the aforementioned model may be rejected in CFA owing to the large
sample size and model complexity (Bentler and Bonett, 1980; Marsh
and Hocevar, 1985; Marsh et al., 1988). The scale consisted of 50
items in the formal test, and Bentler and Chou (1987) suggested that
when the population distribution is unknown, the number of
participants for the CFA should be larger than 10 times the number
of items. Therefore, we randomly selected 1,014 students from the
5,456 samples from six schools based on the proportion of students
in each school and randomly divided them into two groups. The first
group was selected as the calibration sample (N,=507) for
CFA. AMOS 22.0 was used to examine the degree of consistency
between the factor structure and the theory. For the CFA, all factors
were allowed to covary (The Pearson correlation coefficient matrix
for all study items is available at https://doi.org/10.5281/
zen0do.7094563). After the model was fitted well, the second group
was used as the validation sample (N, =507) for cross-validation. To
examine gender and grade differences, this study tested the
measurement invariance of the scale across gender and grade using
cohort analysis.

3.3. Analysis of gender and grade
differences

This study examined gender and grade differences after
measurement invariance was established. This study used the
independent sample ¢-test to examine the latent mean difference
across gender and used the analysis of variance to examine the latent
mean difference across grades. If significant differences were observed
between students in different grades, further comparisons were made.
The data were analyzed using the software SPSS 22.0.
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4. Research findings

4.1. Content validity test

This scale consisted of four subscales: learning motivation,
learning strategies, mathematical self-regulation, and learning
resource management. After the first round of expert evaluation, the
I-CV1I values of the items on the scale were between 0.6 and 1, and the
S-CVIwas 0.9. Polit and Beck (2006) suggested that an I-CVI greater
than 0.78 and an S-CVI greater than 0.9 are acceptable when the
number of experts is large. Although the experts approved the content
validity of the first draft of the scale, some items required to be deleted
or revised. The researcher deleted the items with an I-CVI below 0.78
and revised some items according to experts’ suggestions. After the
second round of expert review, the study calculated the CVI values.
The S-CVI was 0.97, the CVI values for each subscale were between
0.96 and 0.99, and the CVI values for each item were between 0.87 and
1.00. The items that passed the content validity test were included in
the first draft of the scale to conduct the pretest.

4.2. Iltem analysis

Item analysis refers to the process of selecting appropriate items
based on critical values and corrected item-total correlation (DeVellis,
1998). The critical value method was used to divide the pretest sample
into high-score and low-score groups (27% each). Subsequently, the
two groups were used as independent variables, and the scores of
individual items were used as dependent variables for an independent
sample t-test. The scores of discriminating items should be significantly
different in the two groups. In this study, the significance level was set
at @=0.05. The results showed that the scores of all items were
statistically significant (p <0.05), meaning that all items on the scale
demonstrated good discriminatory power. The corrected item-total
correlation was calculated using the Pearson product-moment
correlation coefficient between each item and the total score of the
subscale (excluding the score of the item). The criterion for selecting
items for this study was that the corrected item-total correlation
coefficient must be above 0.3. The results showed that the correlation
coeflicients of all items were above 0.3, which meant that they were
homogeneous. In other words, all items satisfied the criterion in terms
of discriminatory power and corrected item-total correlation
coeflicient. Therefore, all items were retained for the EFA.

4.3. Exploratory factor analysis (EFA)

To confirm whether the data were suitable for factor analysis, this
study used the Kaiser—-Meyer-Olkin measure of sampling adequacy
(KMO) to examine the correlation coefficients between the variables
and used Bartlett’s spherical test values to examine whether the
correlation coeflicients in the correlation coefficient matrix were
significantly higher than zero. The results showed that the KMO
values of each subscale of the junior high school mathematics SDL
scale were above 0.60. The Bartletts spherical test values were
15433.47, 5593.17, 19157.58, 606.57, and 5379.56, which were all
significant (p <0.001) (Table 1). This indicated that the sample and
subscales were suitable for the factor analysis.
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TABLE 1 KMO and Bartlett's spherical test values for each subscale of the mathematics SDL scale.

Mathematical self-
regulation

Learning

Cognitive
strategies

Learning resource

motivation management

KMO measure of sampling adequacy 0.959 0.915 0.977 0.927
Bartlett’s spherical Ve 15433.47%%* 50.38.427%%* 15554.24%%* 5379.56%#%*
test df 276 36 210 45
P <0.001 <0.001 <0.001 <0.001
*#%p<0.001.
TABLE 2 Summary of factor analysis for the learning motivation pretest Subscale.
Item no. Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Q22 0.99 —0.05 0.01 —0.09 0.05
Q24 0.90 0.03 0.07 —0.06 —0.11
Q23 0.86 —0.04 —0.04 0.09 —0.02
Q21 0.85 —0.04 —0.02 0.06 0.07
Q17 0.05 0.64 0.01 —0.03 0.10
Q18 0.09 0.54 0.11 0.05 0.07
Ql4 0.12 0.50 0.15 —0.09 0.20
Q7 —0.07 0.03 0.92 —0.01 —0.04
Q8 —0.02 —0.05 0.92 —0.08 0.09
Q9 0.05 —0.05 0.75 0.14 0.05
Q10 0.11 0.17 0.57 0.11 —0.17
Q2 0.08 0.04 —0.01 0.83 —0.09
Q1 0.24 —0.08 —0.03 0.79 0.01
Q4 0.27 —0.07 —0.06 0.73 0.05
Q6 0.04 0.10 0.14 0.47 0.04
Q13 —0.04 0.07 —0.06 —0.03 0.80
Q12 0.05 0.06 0.04 0.02 0.65
Q11 0.03 —0.04 0.35 —0.02 0.48
Factor name Self-efficacy Identified motivation Fxtrinsic motivation Intrinsic motivation Prinsic motivation
(Work values) (Achievement-oriented)

Chen and Chang (2007) indicated that because the factors are
correlated with each other, it is not possible to list the commonality of
the items and the percentage explained by each factor. Therefore, only
the factor loadings are presented in this paper.

4.3.1. Learning motivation pretest subscale

As shown in Table 2, the learning motivation pretest subscale
included five factors. For Factor 1, four items satisfied the standard
with factor loadings between 0.85 and 0.99, and the factor was called
self-efficacy based on the theme of the items. For Factor 2, three items
satisfied the standard with factor loadings between 0.50 and 0.64, and
the factor was called the identified motivation based on the theme of
items. For Factor 3, four items satisfied the standard with factor
loadings between 0.57 and 0.92, and the factor was called extrinsic
motivation (work values) based on the theme of items. For Factor 4,
four items satisfied the standard with factor loadings between 0.47 and
0.83 and the factor is named intrinsic motivation based on the theme
of items. For Factor 5, three items satisfied the standard with factor
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loadings between 0.48 and 0.80, and the factor was called extrinsic
motivation (achievement-oriented) based on the theme of items.

4.3.2. Learning strategy pretest subscale

As shown in Table 3, the learning strategy pretest subscale
consisted of three factors. For Factor 1, four items satisfied the
standard with factor loadings between 0.53 and 0.73, and the factor
was called refined strategies based on the theme of items. For Factor
2, three items satisfied the standard with factor loadings between 0.56
and 0.95, and the factor was called rehearsal strategies based on the
theme of items. For Factor 3, two items satisfied the standard with
factor loadings between 0.61 and 0.87, and the factor was called
critical thinking strategies based on the theme of items.

4.3.3. Mathematics self-regulation strategy
pretest subscale

As shown in Table 4, the mathematics self-regulation strategy
pretest subscale consisted of two factors. For Factor 1, ten items
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TABLE 3 Summary of factor analysis for the learning strategy pretest
subscale.

10.3389/fpsyg.2023.1145442

TABLE 5 Summary of factor analysis for the learning resource
management pretest subscale.

Iltem no. Factor 1 Factor 2 Factor 3 ltem Factor 1 Factor 2
Q28 0.73 0.07 0.04 Q57 0.95 —0.17
Q29 0.68 0.24 —0.03 Q56 0.83 0.05
Q31 0.53 0.04 0.22 Q55 0.79 0.03
Q25 —0.03 0.95 —0.04 Q59 0.48 0.23
Q26 0.33 0.59 —0.05 Q63 0.16 0.62
Q27 —-0.10 0.56 0.22 Q62 0.30 0.52
Q32 0.00 0.06 0.87 Q60 0.32 0.47
Q33 0.29 —-0.01 0.61 Time management and Interpersonal interaction
Factor name . .
Rehearsal Critical thinking study environment and help-seeking
Factor name Refined strategies
strategies strategies

TABLE 4 Summary of factor analysis for the mathematics self-regulation
strategy pretest subscale.

Item no. Factor 1 Factor 2
Q49 0.98 —0.17
Q50 0.87 —0.01
Q47 0.85 —0.02
Q48 0.80 0.03
Q51 0.79 0.03
Q54 0.74 0.06
Q53 0.74 0.11
Q45 0.74 0.11
Q52 0.55 0.27
Q46 0.44 0.37
Q35 0.00 0.77
Q38 0.05 0.71
Q40 0.16 0.70
Q42 0.19 0.69
Q41 0.18 0.67
Q43 0.32 0.54
Q37 0.25 0.54
Self-regulation in
Factor name SRL in mathematics
problem-solving

satisfied the standard with factor loadings between 0.44 and 0.98, and
the factor was called self-regulation in problem-solving based on the
theme of the items. For Factor 2, seven items satisfied the standard
with factor loadings between 0.54 and 0.77, and the factor was called
SRL in mathematics based on the theme of items.

4.3.4. Learning resource management pretest
subscale

As shown in Table 5, the learning resource management pretest
subscale consisted of two factors. For Factor 1, four items satisfied the
standard with factor loadings between 0.48 and 0.95, and the factor
was called time management and study environment based on the
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theme of items. For Factor 2, three items satisfied the standard with
factor loadings between 0.47 and 0.62, and the factor was called
interpersonal interaction and help-seeking based on the theme
of items.

In brief, this study established a mathematics SDL scale
encompassing four subscales and 50 items. EFA revealed that the scale
consisted of 12 factors. Table 6 demonstrates the dimensions, factors,
and number of the items in the scale.

4.4. Confirmatory factor analysis

Before initiating the confirmatory factor analysis, the data was
scrutinized to determine whether the data exhibit multivariate
normality. Bollen (1989) contends that for data to be deemed
multivariate normal, the multivariate kurtosis (i.e., Mardia’s
coefficient), must not exceed px( P+ 2), where p represents the
number of observed items, and the critical ratio should be confined to
arange of 5 or less (Kline, 2011). In this study, Mardia’s coefficient is
734.113, considerably below the threshold of 2,600 (50 x (50 + 2));
however, the critical ratio surpasses 5 with a value of 114.613.
Considering the inherent robustness of maximum likelihood
estimation in the face of minor deviations from multivariate normality,
the technique remains reliable and valid, even when the data
contradict statistical suppositions. Consequently, utilizing maximum
likelihood estimation within this study retains its trustworthiness.

4.4.1. Competition model

Because each of the 12 latent variables corresponds to an item, the
model can be considered a first-order measurement model with 12
latent variables. However, the correlation between the latent variables
should be analyzed, and whether the 12 latent variables can
be explained by a higher-order variable should be confirmed. To
address the above problem, Noar (2003) suggested adopting a
competition model, indicated that the best model can be selected
through the comparison of the competition models (null, single factor,
multifactor orthogonal, multifactor oblique, and second-order factor
models). Because EFA was used to identify the 12 latent variables, this
study only compared the multifactor orthogonal, multifactor oblique,
and second-order factor models to select the best model for validating
the mathematics SDL scale.
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TABLE 6 Overview of the mathematics SDL scale: Dimensions, factors, contents, and number of items.

Dimension Factors

Learning motivation Self-efficacy

Contents

Individual’s belief in their own ability to successfully

perform a task or achieve a goal.

Items no.

Identified motivation

Individuals consciously acknowledge the value and
relevance of a particular activity to their personal goals or
well-being, even if the activity itself is not inherently

enjoyable.

Intrinsic motivation

Individuals engage in an activity or behavior because it is
inherently satisfying, enjoyable, or interesting to the

individuals.

Extrinsic motivation(Work values)

Individuals perform a task or job because of external
rewards or outcomes, such as pay, recognition, or

promotions.

Motivation (Achievement-oriented)

Individuals are driven by an internal desire to outperform

or succeed rather than external rewards.

Learning strategy Refined strategies

The process of improving or adapting existing methods,
approaches, or plans to better achieve a desired goal or

outcome.

Rehearsal strategies

The techniques or methods that individuals use to improve

their memory and recall of information.

Critical thinking strategies

A set of cognitive skills applied to evaluate and analyze
information, arguments, and evidence in order to make

informed decisions or form well-reasoned opinions.

Self-regulation strategy Self-regulation in problem-solving

Individuals’ ability to manage their thoughts and behaviors
in order to effectively solve a problem or overcome a

challenge.

SRL in mathematics

Individuals’ ability to manage their own learning process in 17
mathematics, including setting goals, monitoring progress,
and adapting strategies to improve understanding and

learning performance.

Learning resource Time management and study environment

management

The process of organizing, planning, and allocating one’s

time and study environment effectively

Interpersonal interaction and help-seeking

Engaging with instructors and classmates to collaboratively 7
learn and soliciting assistance or guidance to improve

understanding of mathematical concepts.

This study compared the models using the calibration sample
(N=507). The results are shown in Table 7. The multifactor orthogonal
model had the worst fit. Indices such as y?, y*/df, root mean square
error of approximation (RMSEA), comparative fit index (CFI), NNFI
(non-normed fit index), SRMR (standardized root mean square), and
GFI (goodness of fit index) did not satisfy the criteria, while ECVI
(Expected Cross-Validation Index), AIC (Akaike Information
Criterion), and BIC (Bayesian Information Criterion) were relatively
large (17.98, 9098.67, and 9521.52). In terms of the multifactor oblique
model, %, y*/df, RMSEA, CFI, NNFI, SRMR, and GFI did not satisfy
the criteria, and ECVI, AIC, and BIC were still relatively large despite
the reduction (14.89, 7534.03, and 7985.25).

In terms of the second-order factor model, the results showed that
although »* was significant, y*/df was only 3.46, which reached the
loose standard (the general standard requires less than three and the
loose standard requires less than five). Furthermore, the RMSEA, CF],
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NNFI, and SRMR reached an acceptable level. The GFI was not ideal
but understandable because there were 50 observed variables.
Moreover, the ECVI, AIC, and BIC were the smallest (8.40, 4252.17,
4725.76) among the three models, indicating that the second-order
factor model had the best fit. In summary, the second-order factor
model is a more appropriate validation model for the mathematics
SDL scale.

4.4.2. Second-order factor model

The model fit indices of the second-order CFA model with 12
latent variables are listed in Table 8. As mentioned in the previous
section, the important fit indices such as RMSEA=0.070 and
x*/df=3.46 were good or acceptable, and the incremental fit indices
such as CFI, NFI, and NNFI were acceptable, and the parsimonious
fit indices such as PGFI and PNFI were good. Huang (2007) suggested
the use of the majority rule to evaluate a model. Because this model
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TABLE 7 Evaluation of the fitness of the competition models (calibration sample N=507).

Index Adf) 2ldf RMSEA CFI NNFI SRMR GFI ECVI AIC BIC
model

Multifactor 8898.67 7.57 0.114 0.63 0.61 0.354 0.45 17.98 9098.67 9521.52
orthogonal (1175)

model

Multifactor 7322.03 6.26 0.102 0.70 0.69 0.102 0.45 14.89 7534.03 7985.25
oblique model (1169)

Second-order 4028.17 3.46 0.070 0.86 0.85 0.087 0.69 8.40 4252.17 4725.76
factor model (1163)

has many variables and achieving good results in all indices is difficult,
the fitness of the proposed second-order CFA model of mathematics
SDL scale is acceptable.

Table 9 shows that the reliability (R*) of individual observed
variables was between 0.33 and 0.85, which satisfied the requirement
that the reliability of individual observed variables should be greater
than 0.20 (Joreskog and Sorbom, 1989). This result indicated that the
observed variables had good reliability. The composite reliability of the
latent variables was between 0.73 and 0.96, which satisfied the
requirement that the reliability should be above 0.60 (Fornell and
Larcker, 1981). This indicated that the composite reliability
is acceptable.

Furthermore, Table 9 shows that the standardized factor loadings
of all observed variables and the corresponding latent variables were
between 0.57 and 0.92. The standardized loadings of all observed
variables were above the threshold of 0.45 (Joreskog and Sorbom,
1989). This indicated that the observed variables were sufficient to
reflect the constructed latent variables. The average variance extracted
(AVE) of the latent variables is between 0.47 and 0.78, indicating that
the contribution of the observed variables to the latent variables was
not inferior to the contribution of the error (Fornell and
Larcker, 1981).

4.5. Cross-validation

In this stage, this study examined the stability of the model, that
is, to measure the stability of the calibration sample and validation
sample through cross-validation. First, this study used a tight strategy,
directly applied the model of the calibration sample (N, =507) to the
validation sample (N,=507) and examined whether the factor
loadings and covariance between latent variables were the same.
Second, this study examined whether the MMF chi-square values
(minimum fit function y?) of the loose strategy (factor loading and
covariance between latent variables were freely estimated) and the
tight strategy were significant.

The results (as shown in Table 10) indicated that for the tight
strategy, the y* of the validation sample (N,=507) was 4603.49, and its
ratio was 53.47%. This indicated that the contribution of the validation
sample (N,=507) was slightly higher than that of the calibration
sample (N,=507). The test results showed that the model can
be applied to different samples in the same population, which means
that the proposed model is validated.

In addition, because of the nested relation between loose and tight
strategies, a chi-square difference test was performed. Table 10 shows
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TABLE 8 Overall fitness of the modified model of the mathematics SDL
scale (measured sample N=507).

Overall fit Evaluation Model  Evaluation
index standard index result
Absolute fit index
Likelihood- p20.05 4028.17%#%*
ratio >
GFI 20.90 or 0.80 0.69 Poor
AGFI 2 0.90 or 0.80 0.66 Poor
SRMR <0.08 0.087 Fair
RMSEA <0.08 0.070 Good
Incremental fit index
NFI 2 0.90 0.82 Fair
NNFI 2> 0.90 0.85 Fair
RFI 2> 0.90 0.81 Fair
IFI >0.90 0.86 Fair
CFI 20.90 0.86 Fair
Parsimonious fit index
PGFI 20.50 0.63 Good
PNFI 20.50 0.77 Good
PCFI 20.50 0.82 Good
Likelihood- <3 or < 5(loose 3.46 Acceptable
ratio y*/df standard)
The evaluation standard of model fit indices is based on Huang (2007) and Doll et al. (1994).
*#%p<0.001.

that under the loose strategy, the MFEy” of the validation sample was
4545.63, which was 57.86 less than the MFE)? of the validation sample
under the tight strategy. However, it was not significant when the
degree of freedom was 50, indicating that the cross-validation
was supported.

4.6. Measurement invariance tests

This study used the chi-square difference test, ARMSEA, ASRMR,
and ACFI to test the measurement invariance of the measurement
model across gender and grade. If Ay2 is not significant, it means that
the measurement model is invariant. However, the chi-square
difference is likely to become significant as the sample size increases.
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TABLE 9 Factor loading, reliability, and average variance explained of the mathematics SDL scale (calibration sample N=507).

Latent variable Observed Standardized factor t-value Reliability of AVE (%)
variable loading individual
item(R?)
SDL in mathematics Intrinsic motivation 0.78 18.75%%*%* 0.61 0.96 0.67
(Second-order latent Extrinsic motivation 1 0.76 16.81%%% 0.58
variables)
Extrinsic motivation 2 0.80 16.27#%%* 0.64
Identified motivation 0.90 17.35%#% 0.82
Self-efficacy 0.55 12,29 0.30
Time management and
study environment 077 1565 059
Interpersonal
interaction and help- 0.93 16.54%%* 0.87
seeking
SRL in mathematics 0.90 15.10%# 0.81
Self-regulation in
problem-solving 087 2069 076
Rehearsal strategies 0.55 11.40°%%* 0.30
Refined strategies 0.97 15.81 %% 0.94
Critical thinking
. 0.89 20.80%** 0.79
strategies
Intrinsic motivation Al 0.92 - 0.85 0.86 0.61
A2 0.71 19.327%%* 0.50
A4 0.87 27.48% % 0.76
A6 0.59 14.90%** 0.35
Extrinsic motivation A7 0.85 - 0.73 0.90 0.69
(Work values) A8 0.88 24,9755 0.77
A9 0.87 24.48%#* 0.75
Al10 0.71 18.10%%* 0.50
Extrinsic motivation All 0.80 - 0.64 0.83 0.63
(Achievement-oriented) | 51, 0.82 18.86% 0.67
Al13 0.76 17.35%%* 0.57
Identified motivation Al4 0.75 - 0.57 0.81 0.58
Al7 0.75 16.61%%* 0.57
Al18 0.79 17.427%%% 0.62
Self-efficacy A21 091 - 0.82 0.93 0.78
A22 0.90 3]1.53%** 0.82
A23 0.88 29.65%** 0.77
A24 0.85 27.20%%* 0.72
Rehearsal strategies A25 0.87 - 0.75 0.83 0.62
A26 0.82 18.13%%* 0.67
A27 0.65 14.67%%* 0.42
Refined strategies A28 0.66 - 0.43 0.76 0.51
A29 0.74 14.67%%* 0.55
A3l 0.74 14.53%%* 0.54
Critical thinking A32 0.88 - 0.77 0.85 0.74
strategies A33 0.85 23.45%%% 0.72

(Continued)
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TABLE 9 (Continued)
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Latent variable Observed Standardized factor t-value Reliability of AVE (%)

variable loading ale[\Vi[o[VE

item(R?)

SRL in mathematics A35 0.66 - 0.43 0.90 0.57

A37 0.69 13.78%%* 0.47

A 38 0.61 12.45%%* 0.37

A 40 0.83 16.21%%* 0.69

A4l 0.80 15.63%%* 0.63

A42 0.84 16.35%%* 0.71

A43 0.82 16.01%%* 0.67
Self-regulation in A 45 0.87 - 0.76 0.96 0.70
problem-solving A46 0.76 21,6354 0.58

A 47 0.86 26.94%%* 0.74

A48 0.87 27.73%#% 0.76

A 49 0.86 26.64% %% 0.73

A 50 0.88 28.39%#* 0.78

A5l 0.79 23.10%** 0.63

A52 0.77 21.89%** 0.59

A53 0.84 25.827% % 0.71

A 54 0.85 26.17%%* 0.72
Time management and A55 0.80 - 0.64 0.82 0.53
study environment A56 0.88 20.51 %% 0.77

A57 0.63 14.19%%* 0.39

A59 0.57 12.89%#* 0.33
Interpersonal interaction | A60 0.71 - 0.50 0.73 0.47
and help-seeking A62 0.63 13,057 0.39

A63 0.72 14.91%%* 0.52

CR is composite reliability; AVE is average variance extracted.
##kp <0.001.

TABLE 10 Summary of cross validation of the model for the mathematics
SDL scale (validation sample N,=507).

Model
fithess

Validation
sample
MMEF,2

AMFFZ 2

Ratio

Compared
strategy

%
(df)

Loose strategy 8573.79 4545.63
53.02%
(2326)
57.86 (50)
Tight strategy 8609.51 4603.49
53.47%
(2376)

The chi-square difference was less than 67.50 (df=50); thus, it was not significant at the 5%

level.

Therefore, according to scholars’ recommendations, this study selected
the model fit indices such as ARMSEA and ACFI as the evaluation
criteria. When ARMSEA <0.01, ACFI<0.01, and ASRMR <0.03, it
means that factor loading is invariant (Chen, 2007; Wu et al., 2015).
When ARMSEA <0.01, ACFI<0.01, and ASRMR <0.01, it means
intercept and residual are invariant (Chen, 2007; Wu et al., 2015).
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Table 11 shows that the fitness of the baseline model was acceptable
(gender: y*=9031.18, RMSEA =0.053, SRMR =0.120, and CFI=0.839;
grade: *=9018.61, RMSEA =0.053, SRMR =0.091, and CFI=0.839).

Second, Model 2 was constructed to determine whether the factor
loadings of the two samples were constant. Table 12 shows that the
chi-square difference (Ay*=87.67) between Gender Model 2 and
Model 1 was significant. However, ARMSEA =0.000 was less than
0.01, ASRMR =—0.001 was less than 0.03, and ACFI=—0.002 was less
than 0.01, indicating that the proposed scale had a constant factor
loading across gender groups. In addition, the chi-square difference
between Grade Model 2 and Model 1 (Ay?=22.78) was not significant.
ARMSEA =0.000 was less than 0.01, ASRMR =0.001 was less than
0.03, and ACFI=0.000 was less than 0.01, indicating that the proposed
scale had a constant factor loading across grade groups.

Third, based on the constant factor loading, Model 3 was
constructed to test whether the structural weights of the two samples
were constant and whether the structural weight was constant across
gender and grade groups. The chi-square difference (Ay2=73.20)
between Gender Models 3 and 2 was significant, but ARMSEA =0.000
was less than 0.01, ASRMR=0.026 was less than 0.03, and
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ACFI=-0.001 was less than 0.01, indicating that this scale had
constant structural weight across gender groups. In addition, the
chi-square difference (Ay*=10.36) between Grade Models 3 and 2 was
not significant, ARMSEA =0.000 was less than 0.01, ASRMR =0.001
was less than 0.01, and ACFI=0.001 was less than 0.01, indicating that
this scale had constant structural weight across grade groups. Fourth,
based on the constant factor loading, Model 4 was constructed to test
whether the residuals of the two samples were constant and whether
the residuals were constant across gender and grade groups. The
chi-square difference (Ay2==82.41) between Gender Models 4 and 3
was significant, but ARMSEA=0.000 was less than 0.01,

TABLE 11 Summary of model fit indices of mathematics SDL scale
(N=1,014).

df RMSEA SRMR @ CFlI

X p-

value

Gender

MI: Baseline

9031.18 = 2,326 0.000 0.053 0.120 0.839

model

M2:

Constant

9118.84 | 2,364 0.000 0.053 0.119 0.837

factor

loading

M3:

Constant

9192.04 | 2,376 0.000 0.053 0.145 0.836

structural

weight

M4: Residual

9451.04 = 2,438 0.000 0.053 0.144 0.831

invariant

Grade

M1: Baseline | 9018.61 | 2,326 0.000 0.053 0.091 0.839

model

M2:Constant = 9041.39 = 2,364 0.000 0.053 0.092 0.839

factor

loading

M3:Constant = 9051.74 = 2,376 0.000 0.053 0.093 0.840

structural

weight

M4: Residual | 9189.72 | 2,438 0.000 0.052 0.093 0.838

invariant

TABLE 12 Summary of model invariance across gender and grade (N=1,014).

10.3389/fpsyg.2023.1145442

ASRMR =—-0.001 was less than 0.01, and ACFI=—0.005 was less than
0.01, indicating that this scale had residual invariance across gender
groups. In addition, the chi-square difference (Ay*=137.98) between
Grade Models 4 and 3 was significant, but ARMSEA = —0.001 was less
than 0.01, ASRMR =0.000 was less than 0.01, and ACFI=- 0.002 was
less than 0.01, indicating that this scale had residual invariance across
grade groups. In conclusion, in terms of the measurement model, this
scale has strong measurement invariance across gender and
grade groups.

4.7. Analysis of latent mean differences
between different gender and grade
groups

This study compared the difference between male and female
students and the difference among students in grades seven, eight, and
nine in their answers to the mathematics SDL scale. As shown in
Table 13, the difference in total score between gender groups was
significant in the f-test (p<0.001), indicating that in terms of
mathematics SDL abilities, male students (M =135.97) have higher
perception scores than female students (M =132.47).

After examining the performance of male and female students on
various factors of SDL in mathematics, we observed that male students
had a significantly higher latent means than female students in terms
of many factors of SDL in mathematics, including intrinsic motivation,
extrinsic motivation (work values), self-efficacy, refined strategies,
critical thinking strategies, and time management and study
environment. The difference in self-efficacy was the largest
(AM=0.41), followed by intrinsic motivation (AM =0.24). The latent
mean of identified motivation of female students was slightly higher
than that of male students.

In addition, the F-test showed that the mathematics SDL scores of
students in different grades were significantly different, as shown in
Table 14. The total score of the seventh grade (M=137.69) was
significantly higher than that of the eighth grade (M =133.33) and
ninth grade (M=131.77). Although the score of the eighth grade was
higher than that of the ninth grade, it was still not significant.

After examining the latent mean difference of various factors of
SDL in mathematics among students of different grades, we observed
that most of the factors of the seventh graders were significantly
higher than those of the eighth and ninth graders, such as extrinsic
motivation-work values (2.96, 2.78, 2.71), extrinsic motivation
(achievement-oriented) (3.15, 3.02, 3.03), identified motivation (2.94,

Ay Adf p-value ARMSEA ASRMR ACFI
Gender model comparison
M2 vs. M1 87.67 38 0.000 0.000 —0.001 —0.002
M3 vs. M2 73.20 12 0.000 0.000 0.026 —0.001
M4 vs. M3 82.41 12 0.000 0.000 —0.001 —0.005
Grade model comparison
M2 vs. M1 22.78 38 0.976 0.000 0.001 0.000
M3 vs. M2 10.36 12 0.585 0.000 0.001 0.001
M4 vs. M3 137.98 62 0.000 —0.001 0.000 —0.002
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TABLE 13 Summary of differences in various factors across genders.

Number of
students

Factor Gender

10.3389/fpsyg.2023.1145442

Standard
deviation

t-value

p-value

Intrinsic motivation Male 3,177 2.64 0.79 12.08%%* <0.001
Female 2,960 2.40 0.71

Extrinsic motivation Male 3,177 2.87 0.76 5.67%%* <0.001

(Work values) Female 2,960 2.76 0.71

Extrinsic motivation Male 3,177 3.06 0.75 —0.78 0.435

(Achievement-oriented) Female 2,960 3.07 0.70

Identified motivation Male 3,177 2.83 0.77 —2.83%* 0.005
Female 2,960 2.88 0.69

Self-efficacy Male 3,177 242 0.88 19.30%#* <0.001
Female 2,960 2.01 0.78

Rehearsal strategies Male 3,177 2.29 0.77 —1.41 0.159
Female 2,960 2.32 0.69

Refined strategies Male 3,177 2.61 0.79 4.23%%% <0.001
Female 2,960 2.53 0.70

Critical thinking Male 3,177 2.90 0.80 4.57%%% <0.001

strategies Female 2,960 2.81 0.73

Self-regulation in Male 3,177 2.95 0.71 —0.01 0.992

problem-solving Female 2,960 2.95 0.62

SRL in mathematics Male 3,177 2.65 0.74 1.90 0.058
Female 2,960 2.61 0.64

Time management and Male 3,177 2.49 0.77 2.67%% 0.008

study environment Female 2,960 244 0.65

Interpersonal interaction = Male 3,177 2.72 0.77 -1.07 0.283

and help-seeking Female 2,960 2.74 0.68
Male 3,177 135.97 31.43 4.70%%*%* <0.001

Total score
Female 2,960 132.47 26.74

#p<0.05; ##p<0.01; ¥*¥p<0.001

2.83, 2.78), rehearsal strategies (2.42, 2.27, 2.22), critical thinking
strategies (2.94, 2.82, 2.82), self-regulation in problem-solving (3.02,
2.92, 2.91), SRL in mathematics (2.72, 2.62, 2.55), and time
management and study environment (2.54, 2.46, 2.39). Some factors
of the eighth grader are higher than those of the ninth grade, such as
extrinsic motivation (work values), SRL in mathematics, and time
management and study environment. In summary, mathematics SDL
ability does not improve with increasing grade level (see Table 14).

5. Conclusions and recommendations

This study established a mathematics SDL scale to investigate the
SDL performance of Taiwan junior high school students 3 years after
the implementation of the new curriculum guideline and to
understand the differences across genders and grades. First, in terms
of reliability analysis, the composite reliabilities of the 12 factors are
between 0.73 and 0.96 and are all above 0.60, indicating that the scale
has good composite reliability. In terms of validity analysis, after
expert review, the items of the scale passed the I-CVI and S-CVI

Frontiers in Psychology

standards; therefore, the scale has content validity. This study
conducted an EFA using a pretest sample of 681 students to establish
the final items of the mathematics SDL scale. Subsequently, this study
used a final sample of 5,456 junior high school students for CFA,
cross-validation, and measurement invariance tests across genders
and grades. The CFA indicated that the second-order model fit the
observed data well. In other words, the 12 factors under the four
dimensions, namely learning motivation, learning strategies,
mathematical self-regulation, and learning resource management can
be explained by the SDL in mathematics.

Second, the cross-validation indicated that the scale’s model has
strong stability. Third, the measurement invariance tests across
genders and grades indicated that the measurement model of this
scale had strong measurement invariance across gender and grade
groups. The results of this study demonstrated the richness and
complexity of SDL in mathematics. Follow-up studies can
be conducted in other countries or regions that promote SDL
curriculum reform to confirm the reliability and validity of this scale.

The researcher examined the latent mean differences in
mathematics SDL abilities by gender and grade based on the
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TABLE 14 Summary of differences in various factors across grades.

Factor Number of students Mean Standard deviation F-score p-value Scheffe post-hoc
comparison
Intrinsic motivation (1) Seventh grade 2,041 2.55 0.75 1.43 0.238
(2) Eighth grade 2,146 2.51 0.77
(3) Ninth grade 1,950 2.52 0.76
Extrinsic motivation (Work values) (1) Seventh grade 2,041 2.96 0.72 64.54%%* <0.001 1>2>3
(2) Eighth grade 2,146 2.78 0.74
(3) Ninth grade 1,950 2.71 0.74
Extrinsic motivation (Achievement-oriented) (1) Seventh grade 2,041 3.15 0.68 21.22%%* <0.001 1>2,3
(2) Eighth grade 2,146 3.02 0.73
(3) Ninth grade 1,950 3.03 0.76
Identified motivation (1) Seventh grade 2,041 2.94 0.71 23,02 <0.001 1>2,3
(2) Eighth grade 2,146 2.83 0.73
(3) Ninth grade 1,950 2.78 0.74
Self-efficacy (1) Seventh grade 2,041 221 0.85 0.40 0.671
(2) Eighth grade 2,146 2.23 0.85
(3) Ninth grade 1,950 222 0.87
Rehearsal strategies (1) Seventh grade 2,041 242 0.74 41.26%%* <0.001 1>2,3
(2) Eighth grade 2,146 227 0.73
(3) Ninth grade 1,950 222 0.72
Refined strategies (1) Seventh grade 2,041 2.62 0.74 7.23%% 0.001 1>3
(2) Eighth grade 2,146 2.55 0.74
(3) Ninth grade 1,950 2.53 0.76
Critical thinking strategies (1) Seventh grade 2,041 2.94 0.75 15.35%%* <0.001 1>2,3
(2) Eighth grade 2,146 2.82 0.76
(3) Ninth grade 1,950 2.82 0.78
Self-regulation in problem-solving (1) Seventh grade 2,041 3.02 0.65 15.51 % <0.001 1>2,3
(2) Eighth grade 2,146 2.92 0.67
(3) Ninth grade 1,950 291 0.68
SRL in mathematics (1) Seventh grade 2,041 2.72 0.69 28.10%%* <0.001 1>2>3
(2) Eighth grade 2,146 2.62 0.70
(3) Ninth grade 1,950 2.55 0.69
(Continued)
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answers of 6,137 students in the pretest and formal test. The analysis
results indicated that there is a gender difference in mathematics
SDL. Male students are higher than female students in many factors,

1>2>3
1>2,3

with the greatest difference being in intrinsic motivation and self-
efficacy. This finding is similar to PISAs (OECD, 2014) study on
Taiwanese students’ motivation and beliefs in mathematics learning.

Scheffe post-hoc
comparison

Because the PISA survey was conducted before the implementation

of the new curriculum guideline, the findings implied that gender
differences in mathematics learning are not effectively addressed by

p-value
<0.001
0.180
<0.001

the new curriculum guideline. It is worth noting that male and
female students have no differences in innate mathematical abilities

(Lindberg et al., 2010), they have similar mathematical attitudes
(Ghasemi and Burley, 2019), and the difference is primarily owing
to sociocultural factors (Kane and Mertz, 2012). A myth remains in

21.327%%*
1.71
22.24%%%

F-score

Taiwan’s culture that men are suitable for studying science and
technology and women are suitable for studying humanities, and

women are not encouraged to study STEM-related subjects and
work in related industries. Although Taiwan ranks first in Asia in
terms of the gender equity index (Executive Yuan, 2022) and the
mathematics curriculum encourages the inclusion of gender
equality, the findings of PISA and this study suggest that there is

0.73
0.70
0.71
0.74
0.72
0.73
28.41
29.47
29.75

still scope for improvement in mathematics education in Taiwan in
terms of gender equity. In addition, the SDL in mathematics does

Standard deviation

not increase with grade. This result is similar to that of Mok et al.
(2007) and different from that of Chen et al. (2021). This shows that
although the new wave of curriculum reform in Taiwan has

contributed to improving the SDL of the next generation, it is not

2.54
2.46
2.39
2.75
2.73
2.70
137.69
133.33
131.77

reflected in the subject learning.
These findings implied the importance of teacher education for

developing students’ SDL. Although much research has been
conducted on SDL from the student perspective, more research on
how teachers can guide students in SDL is needed (Dignath and
Biittner, 2018). Subsequent studies could explore how mathematics
teachers facilitate girls or higher graders to develop self-efficacy in

2,041
2,146
1,950
2,041
2,146
1,950
2,041
2,146
1,950

mathematics and intrigue their intrinsic motivation. Take the item,
I have always believed that mathematics is one of my best subjects, as
an example. This assertion underscores the necessity to foster a

Number of students

positive self-perception in girls and elder students, empowering them
to excel in mathematical disciplines. In addition, future studies could

consider the dual role (Kramarski, 2018) that teachers play in SDL
professional development and SDL enhancement. These studies may
contribute to a more diverse and enriched field of study.

(1) Seventh grade
(2) Eighth grade
(3) Ninth grade
(1) Seventh grade
(2) Eighth grade
(3) Ninth grade
(1) Seventh grade
(2) Eighth grade
(3) Ninth grade
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