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Abstract: Indonesian students’ mathematics performance remains below the OECD average,
particularly on items requiring reasoning, interpretation of data, and problem-solving in real-world
contexts. Although PISA outcomes are influenced by multiple factors, including curriculum alignment,
learning opportunities, and socioeconomic conditions, prior studies indicate that students’ difficulties
with non-routine, reasoning-based tasks reflect limitations in higher-order mathematical thinking. In
this context, strengthening students’ mathematical critical thinking remains an urgent instructional
challenge. This study aimed to determine whether students’ mathematical critical thinking skills improved
more significantly after using a Google Classroom-based Comprehensive Mathematics Instruction
(CMI) model than after regular learning. Additionally, this research examined changes in students’
mathematics self-efficacy before and after the intervention and explored the relationship between
mathematical critical thinking skills and mathematics self-efficacy. A quasi-experimental nonequivalent
control group design was employed. The population consisted of all tenth-grade students at SMAN 1
Jalancagak, with a purposive sample of 70 students drawn from two classes (X-10 and X-9). Data
were collected using a mathematical critical thinking test and a mathematics self-efficacy questionnaire.
The results show that students using the Google Classroom-based CMI model achieved significantly
greater improvements in mathematical critical thinking skills than those in standard learning. Moreover,
students’ mathematics self-efficacy increased significantly following implementation of the model.
The analysis also found a statistically significant, though modest, relationship between mathematical
critical thinking skills and mathematics self-efficacy. These results indicate that combining structured
cognitive instruction with digital learning environments can enhance students’ mathematical critical
thinking and mathematics self-efficacy, while recognising that broader contextual factors influence
their mathematics development achievement.

Keywords: CMI model, google classroom-based CMI model, google classroom, mathematical critical
thinking skills, mathematics self-efficacy.

 INTRODUCTION
Despite ongoing curriculum reforms,

Indonesian students’ mathematics performance
remains a major concern. According to the 2022
PISA results, their average mathematics score
remains low (OECD, 2023), while national data

Article’s DOI: https://doi.org/10.23960/jpmipa.v27i1.pp219-239

indicate that high school students’ numeracy
competencies remain moderate despite the formal
integration of higher-order thinking skills (HOTS)
into the curriculum (Kemdikbudristek, 2024).
This discrepancy suggests that policy-level
emphasis on HOTS has not yet translated into
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substantial improvements in students’
mathematical competencies, which are closely
linked to the development of a country’s human
resources (Setiana et al., 2021). Mathematical
critical thinking plays a key role in students’
learning outcomes, as it involves higher-level
cognitive processes such as problem solving,
analysis, synthesis, and evaluation (Arisoy &
Aybek, 2021; Szabo et al., 2020). However,
cognitive competence alone is insufficient.
Students’ self-efficacy significantly influences their
engagement, persistence, and effective use of
critical thinking strategies. Low self-efficacy may
hinder students from fully applying their cognitive
abilities, even in learning environments designed
to promote HOTS. Therefore, the persistent gap
between curricular goals and numeracy outcomes
underscores the need to examine mathematical
critical thinking and self-efficacy simultaneously
to develop instructional approaches that support
higher-order thinking and prepare students
to meet the challenges of the Society 5.0
era.

Repetition of knowledge, linking to real-
world issues, and engaging in meaningful dialogue
to share ideas can foster critical thinking skills
(Dolapcioglu & Doðanay, 2022). Critical thinking
skills serve as essential capital for individuals to
solve complex problems and adapt to dynamic
work environments (Cruz et al., 2020). Creating
a classroom environment that supports student
achievement is a key strategy for developing
critical thinking skills (Dolapcioglu & Doðanay,
2022). Presenting contextual problems in learning
can foster the interpretation and development of
analytical skills, which are core components of
critical thinking (Sutama et al., 2022). Indicators
of mathematical critical thinking skills consist of
(1) Interpretation, which is understanding
problems by accurately identifying and writing
down given information and questions; (2)
Analysis, which is identifying relationships
between questions and answers to determine

appropriate solutions; (3) Evaluation, which is
applying solutions correctly and assessing their
validity, and (4) Inference that means using
alternative solutions to verify results and draw
conclusions (Sutama et al., 2022).

Mathematics learning in the classroom often
focuses solely on finding the correct solution,
overlooking the development of a deep
understanding of mathematics (Dolapcioglu &
Doðanay, 2022). The use of digital media can
help simplify and visualise materials, thereby
enhancing students’ understanding of abstract
concepts (Seruni et al., 2020). Google
Classroom, as a digital platform, can be used by
students to access learning materials and help
organize collaborative group activities to solve
problems (Suanse & Yuenyong, 2021). Teachers
can utilize the assignment, quiz, or exam features
in Google Classroom to efficiently assess student
learning outcomes. The application of the quiz
feature on the learning management system
(LMS) platform has been shown to improve
student learning outcomes (Delima et al., 2022;
Gamage et al., 2019; López-Tocón, 2021).
Google Classroom is effective in enhancing
student learning performance (Sari et al., 2022;
Turmuzi et al., 2024). The integration of Google
Classroom in mathematics learning has been
shown to facilitate the implementation of a
structured didactic cycle, thereby enhancing the
quality of students’ learning experiences (Núñez-
Naranjo et al., 2025). Technology support as a
learning tool can improve student motivation and
learning outcomes (Oumelaid et al., 2023).

High school mathematics education is
progressively integrating digital tools within
instructional models that explicitly foster students’
critical thinking skills. The use of technology-
supported problem-based learning (PBL) is well
documented to improve students’ critical thinking
skills (Suparman et al., 2022). However, despite
its classroom-level benefits, large-scale
improvements in mathematics performance, as
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reflected in Indonesia’s PISA results, remain
limited. This suggests that instructional
effectiveness depends not only on the choice of
learning model but also on how its pedagogical
principles are structured and implemented,
particularly in supporting students’ cognitive
processes during problem-solving. A key
distinction among instructional approaches is the
degree of cognitive scaffolding provided. While
PBL’s flexibility offers pedagogical advantages,
it may pose challenges for students who require
clearer guidance when engaging with complex
mathematical tasks. In contrast, the
Comprehensive Mathematics Instruction (CMI)
model provides an explicitly sequenced
pedagogical framework that aligns the

presentation of problems with students’ cognitive
development through three successive phases:
develop understanding, solidify understanding,
and practice understanding (Delima et al., 2021,
2023). Prior studies have shown that the CMI
model can be effectively integrated with digital
tools to enhance students’ mathematical, critical,
and creative thinking skills (Delima et al., 2022;
Delima & Elfandi, 2025). Building on this
evidence, the present study hypothesizes that
embedding the CMI instructional syntax into the
Google Classroom quiz feature can enhance
students’ mathematical critical thinking by offering
structured cognitive scaffolding while maintaining
opportunities for exploration and reflection (see
Figure 1).

 

 
Figure 1. CMI model with google classroom

The CMI model is designed to promote
cognitive engagement by systematically guiding
students from exploring mathematical ideas and
strategies toward understanding formal concepts,
algorithms, and representations (Delima &
Elfandi, 2025). Instruction emphasising cognitive
activation and structured scaffolding has been

shown to increase students’ self-efficacy by
enhancing their sense of competence and control
during learning, particularly in digital or blended
settings (Guo et al., 2023; H. Li et al., 2021). A
growing body of research consistently identifies
mathematics self-efficacy as a key factor
influencing students’ mathematics achievement
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and overall well-being, especially during
adolescence when self-belief is still developing
(Al Umairi, 2024; Ding et al., 2024; L. Li et al.,
2020; Ortan et al., 2021; Ugwuanyi et al., 2020).
Despite extensive research on mathematics self-
efficacy, relatively few studies have examined its
relationship with students’ critical thinking skills
in mathematics. From a social-cognitive
perspective, self-efficacy develops through
mastery experiences, vicarious experiences,
verbal persuasion, and individuals’ psychological
states (Kontas & Ozcan, 2017; Ramdhani et al.,
2017; Yuliyanto et al., 2021). These sources of
self-efficacy are closely linked to learning activities
that require students to engage in problem-
solving, reflection, and mathematical reasoning,
core processes within the CMI model. This
theoretical alignment underscores the importance
of examining how structured cognitive instruction,
such as the CMI model implemented in digital
environments, can simultaneously foster the
development of mathematical critical thinking and
mathematics self-efficacy.

This study expands the CMI model by
integrating its cognitive sequencing and scaffolding
into Google Classroom (GC). This integration
enables automated management of students’
learning progression in a blended learning
environment. The key innovation here is to view
GC not merely as a delivery tool but as a system-
embedded pedagogical mechanism that translates
the CMI syntax into digitally managed learning
sequences. This digital implementation
demonstrates how system-controlled pedagogy
can enhance mathematical critical thinking and
self-efficacy beyond traditional classroom
settings. The study investigates whether the GC-
based CMI model yields greater gains in students’
mathematical critical thinking compared to
standard instruction and examines changes
in students’ mathematics self-efficacy. This
research examines the relationship between
students’ mathematical critical thinking
and their mathematics self-efficacy, using
the hypothesis model presented in Figure
2. 

 

Figure 2. The hypothesis model for mathematical critical thinking and mathematics self-efficacy

 METHOD
Participant

The study population consisted of all Grade
10 students at SMAN 1 Jalancagak, Subang
Regency, West Java, Indonesia. The school holds
an A accreditation, a status shared by
approximately 53% of senior high schools in
Subang Regency (Daftar-Sekolah, 2026),

indicating that SMAN 1 Jalancagak is broadly
representative of the regional secondary school
context. For this reason, the school was selected
to reflect typical instructional conditions in Subang
Regency. Purposive sampling was used to select
Classes X-9 and X-10 from the twelve Grade
10 classes based on quantitative and procedural
factors. Specifically, school records from the
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previous semester, including students’ mathematics
exam scores, indicated that these two classes had
similar average scores and distributions, mirroring
the overall Grade 10 cohort. Additionally, both
classes were taught by the same mathematics
teacher and followed identical curricular content,
thereby reducing instructional and contextual

differences prior to the intervention. These criteria
were intended to establish baseline equivalence
between the experimental and control groups and
to minimize threats to external validity. This
equivalence was further confirmed by the absence
of statistically significant differences in pretest
scores between the two groups (see Table 1).

Table 1. Comparison test of students’ critical thinking skills before the intervention

Class N Mean 
Standard 
Deviation 

Saphiro-Wilk Comparison Test 

Statistic df Sig. 
Mann-

Whitney U 
Asymp. Sig. 

(2-tailed) 
X-10 35 8.57 6.19 0.88 35 0.00 593.00 0.82 
X-9 35 7.69 3.12 0.95 35 0.09   

Research Design and Procedures
This study employed a quasi-experimental

design with a nonequivalent control group. Class
X-10 was assigned as the experimental group
and received instruction using a GC-based CMI
model. In contrast, Class X-9 served as the
control group and received the typical classroom
instruction. As the school implements the
Merdeka curriculum, classroom instruction
typically follows a Problem-Based Learning
(PBL) model. The intervention consisted of six
instructional sessions. Before the intervention, both
groups completed a pretest to assess their initial
mathematical critical-thinking skills. The
experimental group also completed a self-efficacy
questionnaire to establish a baseline for their
evaluation. After the intervention, both groups
took a post-test to measure any changes in their
mathematical critical thinking abilities.
Additionally, the experimental group retook the
self-efficacy questionnaire to assess any shifts in
their confidence in mathematics.

The control group implemented the PBL
model through five main stages. First, students
were oriented to the problem by working in small
groups and receiving student worksheets (LKPD)
containing contextual problems related to data
presentation. At this stage, students read the

instructions, examine the problems, and gather
initial information from textbooks and other
relevant learning resources to understand them.
Second, the learning process was organized by
assigning roles and responsibilities within each
group, with students studying supporting materials
from textbooks and additional sources provided
by the teacher. Third, during the guided inquiry
stage, students discussed appropriate problem-
solving strategies, collected the necessary data,
and processed it to develop solutions to the data
presentation problems. Fourth, students
developed and presented their work by compiling
a written report of their problem-solving results.
One group presented its findings to the class, while
other groups posed questions or provided
feedback, which were then discussed collectively.
Finally, students analysed and evaluated the
problem-solving process by reflecting on solutions
generated during class discussions and
incorporating teacher feedback to strengthen their
conceptual understanding.

Instruments
The Indicators of mathematical critical

thinking ability used in this instrument, consisted
of four aspects (Sutama et al., 2022): (1) X1:
Interpretation, students are required to be able
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to understand and express the intent or meaning
of a problem; (2) X2: Analysis, students are
required to be able to identify relationships
between various statements, questions, concepts,
descriptions and others; (3) X3: Evaluation,
students can assess the credibility of a statement
and the truth of a relationship between various
statements, questions, concepts, descriptions and
others; and (4) X4: Inference, students are
required to be able to provide conclusions or
provide reasons for the steps taken. The test used
to measure mathematical critical thinking skills
was a descriptive essay on Statistics (see Table
2), consisting of four items. Instrument testing was
conducted with eleventh-grade high school
students to ensure the validity and reliability of
the research instrument before use with the main
sample. These items had correlation coefficients
(r) of 0.87, 0.89, 0.93, and 0.85, respectively,

indicating very high validity. The Cronbach’s alpha
coefficient for the test was 0.91, indicating strong
internal consistency (Izah et al., 2024). To ensure
the objectivity and reliability of the mathematical
critical thinking assessments, the scoring process
involved two independent evaluators: the
researcher (Rater 1) and a Grade XI mathematics
teacher (Rater 2). The inter-rater reliability was
statistically analysed using the Intraclass
Correlation Coefficient (ICC) with a two-way
mixed-effects model. The results yielded an ICC
of 0.92, indicating Excellent reliability (Koo &
Li, 2016). This high level of agreement confirms
that the measurement of students’ mathematical
critical thinking skills was consistent and free from
significant individual rater bias.

Indicators for measuring students’
mathematics self-efficacy differ from the Yuliyanto
self-efficacy instrument (Yuliyanto et al., 2021),

Table 2. Instrument test for students’ critical thinking skills and scoring

Indicator Problems Scoring  
X1: 
Interpretation 

In a playgroup, there are two groups, each 
consisting of five children. The first group has an 
average weight of 25 kg, while the second group 
has an average weight of 20 kg. One child from 
each group is exchanged, and after the exchange, 
the average weight of the two groups is equal. 

a. Interpret the given information by explaining 
what the average weight represents for each 
group before the exchange. 

b. Describe how exchanging one child from 
each group affects the total weight of each 
group. 

c. Represent the situation using mathematical 
expressions that show the condition for equal 
average weights after the exchange.  

 Not writing what is known 
and what is asked. 

0 

 Writing what is known 
and what is asked 
incorrectly. 

1 

 Write only what is known 
exactly or only what is 
asked exactly. 

2 

 Writing that is known 
from the question 
accurately but is 
incomplete. 

3 

 Writing what is known 
and asked about from the 
question accurately and 
completely. 

4 

X2: Analysis The following table presents the age distribution 
of employees in a company 

Age (years old) Total 
41 – 45  5 
46 – 50  11 
51 – 55  𝑥 
56 – 60  4 
61 – 65  1 

 

 Do not create a 
mathematical model of the 
given problem. 

0 

 Creating a mathematical 
model from the given 
problem, but not 
accurately. 

1 

 Create a mathematical 
model from the given 
problem accurately 

2 
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Given that the mode is 49.25, analyse which class 
interval must be the modal class and justify how 
this leads to the frequency of 51 – 55. 

problem accurately 
without including an 
explanation. 

 Creating a mathematical 
model from the given 
problem accurately, but 
there is an error in the 
explanation. 

3 

 Create a mathematical 
model from the given 
problem accurately and 
provide a complete and 
correct explanation. 

4 

X3: 
Evaluation 

The data in the following frequency distribution 
table is the result of a test for entry into a 
company.  
 

Applicants' scores Number of applicants 
51 – 60 9 
61 – 70 16 
71 – 80 25 
81 – 90 16 

91 – 100 14 
Total 80 

 
Is the cutoff score used to admit 60% of 
applicants appropriate? Justify your answer based 
on the distribution of scores. 

  Not using a strategy to 
solve the problem. 

0 

  Using an incorrect and 
incomplete strategy in 
solving the problem. 

1 

 Using the right strategy to 
solve the problem, but 
incomplete, or using an 
incorrect strategy, but 
complete in solving the 
problem. 

2 

 Using the right strategy in 
solving problems, but 
making mistakes in 
calculations or 
explanations. 

3 

explanations. 
 Using the right strategy in 

solving problems, 
complete and correct in 
performing calculations or 
explanations.  

4 

X4: Inference Examine the following diagram. 

 
Based on the mean absolute deviation obtained 
from the histogram, what can be concluded about 
the variability of the data? 

 Does not conclude the 
given problem. 

0 

 Drawing incorrect 
conclusions that are not in 
accordance with the 
context of the question. 

1 

 Making an incorrect 
conclusion, even though it 
is adjusted to the context 
of the question. 

2 

 Making an accurate 
conclusion, in accordance 
with the context, but not 
complete. 

3 

 Make an accurate 
conclusion, in accordance 
with the context of the 
question, and write it in 
full. 

4 

Weight (kg) 

Fr
eq
ue
nc
y 
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which refers to the following five dimensions: (1)
Y1: Confidence in understanding the mathematical
material. A person believes that they are capable
of completing a certain task, where the individual
themself determines what target must be
completed; (2) Y2: Confidence in being able to
motivate oneself to take the necessary actions to
complete the task. A person can cultivate
motivation in themself to choose and take the
necessary actions to complete the task; (3) Y3:
Confidence in being able to work hard,
persistently, and diligently. There is a strong effort
from a person to complete the assigned task using
all the power they have; (4) Y4: Confidence in
being able to survive facing obstacles and
difficulties. A person can survive when facing
difficulties and obstacles that arise and can
recover from failure; (5) Y5: Confidence in being
able to complete tasks that have a wide or
specific range. A person believes that any
task can be completed, whether broad or
specific.

The student self-efficacy questionnaire used
in this study consists of 9 statements (see Table
3), each presented as a Likert item with 4
response options: strongly agree, agree, disagree,

and strongly disagree. The self-efficacy scale used
in this study comprises both positive and negative
items (reverse-coded). Specifically, items 3, 5,
7, 8, and 9 are negative statements designed to
minimize response bias. To ensure data
consistency, these items were processed using
reverse scoring. While positive items were
scored on a 4-point Likert scale (4, 3, 2, 1),
negative items were scored in reverse (1, 2, 3,
4). This transformation ensures that a higher total
score consistently represents a higher level of
student self-efficacy across all items. This
questionnaire has been tested on Grade XI
students to assess its validity. The construct
validity of the mathematics self-efficacy scale was
assessed through Confirmatory Factor Analysis
(CFA). After reverse-scoring the negative items
(Y3, Y5, Y7, Y8, and Y9), the measurement
model demonstrated an acceptable fit (CFI =
0.928, RMSEA = 0.068). The standardized
loading factors are 0.69, 0.74, 0.63, 0.49, 0.77,
0.54, 0.40, 0.65, and 0.64, respectively.
Furthermore, the Construct Reliability (CR) was
0.86, exceeding the recommended threshold of
0.70, indicating high internal consistency (Hair et
al., 2017).

Table 3. Mathematics self-efficacy instrument

Indicators Statements 
Y1: Confident of being able 
to complete a particular task 

1. I can understand mathematical material. 
2. I am confident that I can complete the assignments given 

by my teacher. 
3. I give up easily when faced with difficult problems. 

Y2: Confident that you can 
motivate yourself to take the 
necessary actions to 
complete the task 

4. I can cultivate my own motivation to choose and take the 
necessary actions to complete assignments. 

5. I often feel lazy and unwilling to put in the effort to study. 

Y3: Believe that you are 
capable of working hard, 
persistently, and diligently 

6.  I always try to find ways to complete tasks even when 
they are difficult. 

7. I easily lose my motivation to study when I experience 
failure. 

Y4: Confident that oneself is 
capable of enduring obstacles 
and difficulties 

8. I tend to give up if I don't succeed immediately at a task. 

Y5: Confident in completing 9. I struggle with tasks that differ from my usual approach. 
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and difficulties 
Y5: Confident in completing 
tasks that have a broad or 
specific range 

9. I struggle with tasks that differ from my usual approach. 
 

 
Data Analysis

This research proposes three research
hypotheses, including:

H
1
 : The improvement in students’ mathematical

critical thinking skills who received the CMI
model based on Google Classroom (GC) is
better than that of those who received the
PBL model.

H
2
 : There is a significant change in students’ self-

efficacy before and after learning using the
CMI model based on GC.

H
3
 : There is a significant influence of students’

mathematical critical thinking ability on self-
efficacy.
Hypothesis 1 (H

1
) is tested using the Mann-

Whitney test with normalized gain (N-gain)
scores of the experimental and control classes.

The Mann-Whitney test was used because the
N-gain score data of the experimental class were
not normally distributed. Hypothesis 2 (H

2
) tests

paired ordinal data; therefore, the Wilcoxon test
is used. Hypothesis 3 (H3) was tested using PLS-
SEM, as the data do not meet the assumptions
of linear regression and are not normally
distributed. Additionally, PLS-SEM can be used
for analysing small sample sizes (Jhantasana,
2023; Kock & Hadaya, 2018).

 RESULT AND DISCUSSION
Mathematical Critical Thinking Skills and
The CMI Model with GC

This section discusses hypothesis 1 (H1).
Descriptive statistics of the N-gain score data for
students’ mathematical critical thinking (MCT)
abilities are presented in Table 4.

Table 4. Descriptive statistics of the N-gain score of students’ critical thinking skills

Class Mean 
Standard 
Deviation 

Criteria 

Experiment (MCT) 0.77 0.18 High level 
1. Interpretation 0.84 0.17 High level 
2. Analysis 0.66 0.75 Moderate level 
3. Evaluation 0.84 0.17 High level 
4. Inference 0.66 0.29 Moderate level 

Control (MCT) 0.36 0.10 Moderate level 
1. Interpretation 0.43 0.11 Moderate level 
2. Analysis 0.32 0.08 Moderate level 
3. Evaluation 0.44 0.19 Moderate level 
4. Inference 0.25 0.18 Low level 

The normality test of the N-gain scores of
both classes showed that the N-gain scores of
the experimental class were not normally
distributed (see Figure 3), so a Mann-Whitney
test was conducted with a significance level of
0.05 to test the following hypothesis:

H
0
: There is no difference in the increase in
mathematical critical thinking skills between
students in the experimental class and the
control class.

H
1
: There is a difference in the increase in
mathematical critical thinking skills between
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Figure 3. Boxplot of N-gain data

the control class is at a moderate level. Thus, this
study demonstrates that the increase in students’
mathematical critical thinking skills under the GC-
based CMI model is superior to that under the
PBL approach.

In the first meeting, students spent
considerable time completing the GC student
worksheet because they had not yet adapted to
the CMI model used there. Students were
surprised because, during this learning process,
they had to complete three worksheets
simultaneously in a single session. Students were
still hesitant to ask questions about parts of the
worksheet they did not understand. To address
this, the teacher circled the room, checked each
student, and guided them as they worked on the
worksheet. From the third to the sixth meeting,
the learning process became increasingly smooth
and aligned with the stages of the CMI-based
GC learning model. Students had become

accustomed to the learning process, marked by
increasingly active responses, smoother
discussions, and improved completion of
worksheets in accordance with instructions. As
a result, students became more confident and less
hesitant to present their work to the class.

The GC-based CMI model provides
explicit pedagogical prescriptions that guide
students in activating their cognitive processes.
Learning strategies that activate cognitive
processes enhance students’ academic
achievement in mathematics (H. Li et al., 2021;
Zuo et al., 2024). The GC-based CMI model
offers students the opportunity to learn in adaptive
conditions. Each student’s learning achievement
will vary because the CMI model offers a
differentiated learning environment (Delima et al.,
2022). Learning activities in GC foster the
development of higher-order thinking skills,
particularly analysis and evaluation (Lau et al.,

 

students in the experimental class and the
control class.
The asymptotic significance from the Mann-

Whitney test is 0.000. This indicates that H
0
 is

rejected. Table 1 shows that the average N-gain
score of the experimental class is greater than
that of the control class, and the N-gain criteria
of the experimental class are at a high level, while
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2020). GC-based learning enables teachers to
serve as facilitators and scaffolders, helping
students solve complex problems (Ramadhani et
al., 2020).

At the development stage, the teacher’s role
is to facilitate students’ generation of problem-
solving ideas. The problem exploration process
outlined in the develop stage is the first step for
students to develop problem-solving strategies
appropriate to the mathematical concepts being
studied. The questions posed at the Develop
stage are intentionally designed as open-ended
mathematical tasks that activate students’
interpretation, analysis, and evaluation processes
(see Figure 4(a)). Rather than focusing on
procedural computation, these tasks require
students to extract meaning from raw data,
analyse patterns, and evaluate appropriate
mathematical representations. Such cognitive
demands align with the operational definition of
mathematical critical thinking adopted in this study.
Previous studies indicate that open-ended tasks
can enhance creative thinking (Kwon et al., 2006;
Suryawan & Sariyasa, 2018). In the GC-based
CMI model, these tasks are delivered through
GC quizzes. Students can only move on to the
solidify stage after completing the develop stage.
If they haven’t accomplished this, they need to
revisit and complete the tasks until they can
demonstrate mastery.

The difference between the CMI model and
PBL lies in the types of problems presented and
the way they are presented. The problems
presented in the CMI model are open-ended,
whereas PBL does not specify the types of
problems that can be given to students. At the
solidify stage, the student is given problems that
can stimulate their understanding of concepts and
help them transform these concepts into
mathematical properties. The types of problems
in this stage are presented as multiple-choice and
pairing questions, as shown in GC (see Figure
4(b)). Students discuss each step in solving the

problem with a deskmate, then present their work
to others. This process will help students identify
mathematical concepts in every problem they
encounter. The teacher will decide who passes
this stage based on their answers and activities
during the presentation session. Discussing the
problem-solving process with a desk mate is an
example of collaborative learning. Collaborative
learning has been proven to cultivate
mathematical critical thinking (Sutama et al.,
2022).

The final step of the CMI model is the
practice stage. This stage presents students with
problems that help them discover certain
mathematical properties. The student is stimulated
to apply the mathematical concepts they have
solidified to solve the problems given in this stage.
A student who passes this stage may proceed to
study additional material, beginning at the develop
stage again. However, if they have not yet
completed their exploration of the properties of
the given problems, they must remain at this stage
until they have finished. The problems presented
in this stage are arranged as multiple-choice and
true-or-false questions and appear in the GC (see
Figure 4(c)). Students must present their
reasoning for the answer they choose. This
process cultivates confidence in reasoning, one
of the dispositions of critical thinking, and, in turn,
affects students’ critical thinking (Facione, 2011;
Syamsulrizal et al., 2025). Therefore, the GC-
based CMI model is effective in enhancing
mathematical critical thinking.

Although both the Problem-Based Learning
(PBL) and the GC-based CMI models emphasize
student-centred learning, they differ fundamentally
in their structures and cognitive control. In the
control class implementing PBL, students engaged
with open-ended problems and were encouraged
to collaboratively explore solutions with flexible
teacher guidance. While this promotes inquiry and
discussion, it also requires students to self-regulate
their learning, which may disadvantage those who
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Figure 4. The problems in the CMI model with google classroom
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lack advanced problem-solving or metacognitive
skills. Conversely, the GC-based CMI model
provides a clearer, step-by-step instructional
framework that guides students through distinct
cognitive stages: understanding, consolidating,
and practising it. Access to each stage is governed
by Google Classroom quizzes that students must
pass to advance to the next stage. This structured
progression embeds cognitive scaffolding directly
into the learning design, reducing extraneous
cognitive load and supporting students as they
gradually develop mathematical reasoning. As a
result, students encounter complex, open-ended
problems and are supported in analysing,
interpreting, and evaluating them in a structured
and adaptable way. These differences in teaching
explain why students in the GC-based CMI class
showed greater improvement in mathematical
critical thinking skills than those in the PBL class.
While PBL largely depends on students’ ability
to independently handle problem complexity, the
GC-based CMI model adjusts the difficulty level
to match students’ cognitive readiness and
provides instant feedback via digital assessment.

This method, which combines structured guidance
with adaptive learning environments, appears
more effective at maintaining engagement,
encouraging deeper reasoning, and enhancing
confidence in mathematics problem-solving.

Mathematics Self-Efficacy and the CMI
Model with GC

This section answers hypothesis 2 (H
2
).

Comparison of students’ mathematics self-efficacy
scores before and after learning using the GC-
based CMI model is presented in Figure 5. If we
pay closer attention to the Figure, we can see
that students’ mathematics self-efficacy scores
differ before and after learning using the GC-
based CMI. Students’ mathematics self-efficacy
scores are categorized into an ordinal scale.
Therefore, to test Hypothesis 2, nonparametric
statistics are used.

The mathematics self-efficacy questionnaire
data were analysed using non-parametric
statistics. The Wilcoxon test, with a significance
level of 0.05 as presented in Table 5, was used
to test the following hypotheses:
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Figure 5. Students’ mathematics self-efficacy before and after treatment



232 Jurnal Pendidikan MIPA, Vol. 27, No. 01, pp. 219-239, March 2026

H
0
: There was no significant difference in self-
efficacy between before and after treatment
with the GC-based CMI model.

H
1
: There is a significant difference in self-efficacy
between before and after treatment with the
GC-based CMI model.

Table 5. The wilcoxon test of the mathematics self-efficacy questionnaire scores

 N 
Mean 
Rank 

Sum of 
Ranks 

Asymptotic 
sig. 

Before treatment-
After treatment 

Negative Ranks 0a 0 0 0.000 
Positive Ranks 35b 18 630  
Ties 0c    
Total 35    

a. Before treatment < After treatment  
b. Before treatment > After treatment  
c. Before treatment = After treatment  

 

The Wilcoxon signed-rank test results show
a statistically significant increase in students’
mathematics self-efficacy after implementing the
GC–based CMI model. The absence of negative
ranks and ties suggests that all students in the
experimental group experienced an increase in
mathematics self-efficacy after the intervention,
indicating a consistent positive shift across
participants. This finding indicates that the GC-
based CMI model enhances mathematics self-
efficacy among individuals and fosters consistent
improvement across students with varying
baseline confidence levels. The notable
improvement following treatment demonstrates
that the GC-based CMI model’s structured
cognitive sequencing and embedded scaffolding
effectively increase students’ confidence in
engaging with mathematical tasks. Collectively,
these results reinforce the role of digitally regulated
instructional models in strengthening affective
learning outcomes, particularly students’ beliefs
about their mathematical capabilities.

The CMI model has a teaching cycle that
provides students with the opportunity to present
their work results at the exploration stage (Delima
et al., 2022). At this stage, the teacher assesses
and determines whether the student is ready to
proceed to the next step. This process builds
students’ self-efficacy, enabling them to become

more confident in completing their tasks. The
Google Classroom-based CMI model is a
structured form of flipped learning. It allows
students to study learning materials independently
outside of class, while in-class sessions focus on
discussion and problem-solving. Flipped learning
in mathematics education can improve students’
self-efficacy (Algarni & Lortie-Forgues, 2023;
Jamaluddin et al., 2023; Yorganci, 2020). The
discussion process within the GC-based CMI
model helps students build confidence in
completing teacher-assigned mathematics
assignments and provides them with the
opportunity to understand problems
independently. The process of determining the
depth of students’ understanding can be observed
in problem-solving discussions. Peer discussion
can improve mathematics achievement (L. Li et
al., 2020).

The positive change in students’ self-
efficacy observed in this study can be interpreted
through the lens of Bandura’s self-efficacy
framework rather than as direct evidence of
specific psychological mechanisms (Kontas &
Ozcan, 2017). The GC-based CMI model
requires students to engage with tasks sequentially
and complete each stage before progressing, a
structure that provides repeated opportunities for
successful task completion. According to self-
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efficacy theory, such experiences are associated
with mastery experiences, which are known to
contribute to the development of self-efficacy.
However, the present study did not directly
measure mastery experiences; thus, this
interpretation is inferred from the alignment
between the CMI syntax instructional design and
established theoretical constructs.

Similarly, the exploration stage, in which
students present and justify their problem-solving
processes, may contribute to students’ confidence
by engaging affective and cognitive processes
related to self-regulation and performance
validation. Teacher feedback and encouragement
during GC–based CMI learning can also be
interpreted as forms of verbal persuasion, which
previous studies have identified as influential
sources of self-efficacy development  (Yuliyanto
et al., 2021; Yuliyanto & Turmudi, 2020).
Additionally, peer discussion during collaborative
activities can serve as vicarious experiences,
enabling students to observe and compare
strategies with their peers. Although these
mechanisms were not directly observed or
measured in this study, the significant improvement
in self-efficacy scores suggests that the
instructional features of the GC-based CMI
model align with theoretical conditions that
support self-efficacy development. Therefore, the

findings provide empirical support for the
effectiveness of the GC-based CMI model in
enhancing students’ self-efficacy. Future studies
are needed to examine these psychological
mechanisms more directly through observational
or qualitative data.

Students’ Mathematical Critical Thinking
Ability and Mathematics Self-Efficacy

Hypothesis 3 testing was conducted using
PLS-SEM because the latent variables of
mathematical critical thinking ability and
mathematics self-efficacy are unobservable (Hair
et al., 2017). Mathematical critical thinking ability
falls under the cognitive aspect, with four
indicators, whereas self-efficacy falls under the
affective aspect, with five indicators. Convergent
validity test using outer loading, composite
reliability (CR), and average variance extracted
(AVE) (Jhantasana, 2023), while the discriminant
validity test uses the Heterotrait–Monotrait Ratio
method (HTMT).  Table 6 demonstrates that all
indicators contributing to the latent variables
possess both convergent and discriminant validity,
meeting the requirements for use as a
measurement model.

The evaluation of the structural model
between mathematical critical thinking ability and
mathematics self-efficacy presented in Figure 6.

Table 6. The evaluation of the measurement model of the latent variables

 Latent 
Variable 

Indicator 
Outer Loading CR AVE 

O p-value O p-value O p-value 
X Mathematical 

Critical 
Thinking  

X1 0.876 0.000 0.945 0.000 0.811 0.000 
X2 0.908 0.000     
X3 0.885 0.000     
X4 0.932 0.000     

Y Mathematics 
Self-Efficacy 

Y1 0.812 0.000 0.812 0.000 0.469 0.000 
Y2 0.684 0.004     
Y3 0.605 0.017     
Y4 0.537 0.015     
Y5 0.751 0.001     

X ↔Y Heterotrait–Monotrait Ratio (HTMT) = 0.256 
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Figure 6. The structural model of latent variables

Hypothesis H
3
 testing, including: (a)

collinearity testing (VIF-inner model), (b)
significance testing of the structural model
relationship (path coefficient), (c) effect size

measurement , (d) measurement of the
coefficient of determination ( , dan (e)
predictive relevance measurement  (Hair et
al., 2017).

Table 7. Evaluation of the structural model

The latent variable VIF 
Path coefficient 

𝒇𝟐 𝑹𝟐 𝑸𝟐 
O p-value 

Math. Critical Thinking → 
Math Self-Efficacy 

1.000 0.281 0.044 0.086 0.079 0.014 

Table 7 shows that although the path from
mathematical critical thinking (MCT) to
mathematics self-efficacy is statistically significant,
the very low R² value (0.079), weak effect size
(f² = 0.086), and limited predictive relevance (Q²
< 0.015) clearly indicate that MCT is not a
substantive predictor of students’ self-efficacy in
this study 015 (Al Umairi, 2024; Hair et al.,
2017). This result constitutes a theoretically
important anomaly. Prevailing theoretical
frameworks and prior empirical studies generally
posit that successful engagement in cognitively
demanding mathematical tasks should strengthen
students’ self-efficacy through mastery
experiences (Al Umairi, 2024). However, the
present findings contradict this expectation,
suggesting that improvements in mathematical
critical thinking do not necessarily translate into
meaningful gains in self-efficacy.

This contradiction can be explained by the
distinct developmental mechanisms underlying the

two constructs. Mathematical critical thinking
reflects higher-order cognitive processes,
including analysis, interpretation, and evaluation.
In contrast, mathematics self-efficacy is an
affective construct shaped by students’
confidence, emotional regulation, and perceived
control over learning tasks. In the context of the
GC-based CMI intervention, self-efficacy gains
appear to have been driven more directly by
instructional features, such as structured task
sequencing, controlled progression between
learning stages, repeated opportunities for
successful task completion, and immediate
feedback via Google Classroom, rather than by
students’ level of critical thinking itself. As a result,
self-efficacy improved through pedagogical and
contextual supports embedded in the learning
environment, independently of the cognitive gains
achieved.

Thus, the low R² value should be interpreted
cautiously and does not necessarily indicate a
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methodological weakness. Rather, this study
suggests that mathematical critical thinking is not
a dominant predictor of students’ mathematics
self-efficacy. This finding invites a more nuanced
interpretation of existing theoretical models that
propose a close link between cognitive skill
development and self-efficacy, suggesting that
these relationships may be context-dependent
rather than universal. Consistent with prior studies,
self-efficacy appears to emerge from a
combination of cognitive performance, emotional
regulation, and contextual learning experiences,
rather than from cognitive achievement alone
(Olivier et al., 2019; Wang et al., 2025).
Therefore, while improvements in mathematical
critical thinking may contribute to the
development of self-efficacy, the present results
suggest that instructional interventions should also
incorporate explicit motivational and affective
supports to meaningfully enhance students’
mathematics self-efficacy.

 CONCLUSION
This study demonstrates that the

improvement in students’ mathematical critical
thinking skills achieved through the Google
Classroom (GC)-based Comprehensive
Mathematics Instruction (CMI) model exceeds
that achieved through the PBL model. The GC-
based CMI model employs a structured syntax
that regulates the presentation of problems
according to increasing levels of cognitive
demand, in which students must complete the
develop stage before progressing to the solidify
and practice stages. This sequential learning
access is automated through the quiz feature in
GC, ensuring mastery-based progression. In
addition, the findings indicate that the GC-based
CMI model enhances students’ mathematics self-
efficacy, and students who demonstrate higher
levels of mathematical critical thinking also tend
to report higher self-efficacy.

Despite these promising findings, it is
important to recognize some limitations. First, the

study employed purposive sampling, selecting
participants from a single senior high school,
which may limit the generalizability of the results
to a broader student population. The use of non-
probability sampling restricts the extent to which
the findings can be extrapolated beyond the study
context. Second, the study examined
improvements in critical thinking skills and self-
efficacy over a relatively short intervention period,
focusing exclusively on statistics content.
Therefore, future research should employ
probability-based sampling across multiple
schools, investigate a wider range of mathematical
topics, and examine the long-term retention of
students’ critical thinking skills and the
development of self-efficacy over time.
Furthermore, the GC-based CMI model’s syntax
could be extended into a digital adaptive
assessment framework to support differentiated
learning across more diverse educational contexts.
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