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Abstract – The development of critical thinking skills 
among prospective mathematics teachers is a central 
concern, highlighting the need for learning models that 
integrate technological pedagogical content knowledge 
(TPACK) and continuous assessment. Previous studies 
show that flipped classroom and dynamic assessment 
can enhance higher-order thinking, but a unified, 
student-centered model combining these elements is still 
limited. This study aims to (1) Develop a learning model 
integrating TPACK, flipped classroom principles, and 
dynamic assessment, and (2) Evaluate its validity, 
practicality, and effectiveness in improving critical 
thinking skills. This research employs a research and 
development design guided by the analysis, design, 
development, implementation, and evaluation (ADDIE) 
model, with prospective mathematics teachers 
participating as study subjects. The development 
produced complete learning tools, including model 
guidelines, instructional plans, and dynamic assessment 
instruments. Implementation in classrooms was 
followed by qualitative and quantitative evaluations 
through expert review and empirical analysis. Results 
indicate that the SMART-FLIP model meets criteria of 
validity, practicality, and effectiveness. Expert 
assessments confirmed alignment with theoretical 
foundations, smooth classroom implementation, and 
positive user responses, while students demonstrated 
improved critical thinking.  
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1. Introduction

In the 21st century, higher education faces the 
challenge of producing graduates who not only master 
academic knowledge but also possess advanced 
thinking skills, particularly critical thinking. These 
skills are essential for prospective mathematics 
teachers, as they must not only understand 
mathematical concepts but also guide students in 
developing critical thinking. Therefore, higher 
education plays a strategic role in shaping the 
character and competence of future educators, who 
will influence the next generation [1], [2]. 

Critical thinking skills in mathematics education 
have a role that cannot be ignored. Through critical 
thinking, students can analyze information, evaluate 
arguments, and make decisions based on evidence and 
data [3]. A prospective mathematics teacher who 
thinks critically will be able to design questions that 
challenge students to understand the logical process 
behind the solutions obtained. This approach supports 
the development of deeper conceptual understanding, 
rather than simply memorizing formulas [4]. 

Several studies indicate that students’ critical 
thinking skills, particularly in mathematics, remain 
relatively low. Previous research revealed that many 
students have difficulty applying mathematical 
concepts in real situations, which reflects their weak 
critical thinking skills [5]. Although the student-
centered approach has been introduced in various 
higher education institutions, there is still a need to 
optimize learning strategies that specifically 
encourage active student involvement and the 
continuous development of critical thinking skills. 
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One approach that is growing rapidly and is 
relevant to these needs is the flipped classroom. In this 
approach, students study the material independently 
before face-to-face meetings so that class time can be 
used for discussion, problem solving, and higher-
order thinking activities [6], [7], [8], [9]. Flipped 
classrooms have been proven to increase learning 
activities and provide space for lecturers to facilitate 
critical thinking processes more intensively [6], [7], 
[10]. The integration of the flipped classroom in the 
context of mathematics education allows students to 
be more actively involved in reflective and 
collaborative processes, two important elements in the 
formation of critical thinking [11]. 

Another factor that influences low critical thinking 
skills is the minimal use of technology in the learning 
process [12]. In the digital era, technology has great 
potential in supporting interactive and contextual 
learning. However, there are still many lecturers who 
have not optimally integrated technology into their 
teaching [13]. As a result, students lose the 
opportunity to learn through media and resources that 
can enrich their understanding. For example, 
interactive math applications can help students 
understand concepts visually and practically, thereby 
stimulating critical thinking skills.  

In addition to the learning approach and use of 
technology, an evaluation system that is not yet able 
to measure students’ thinking processes in depth is 
also a challenge in itself [14]. Evaluations that focus 
on results, such as conventional written exams, do not 
provide a comprehensive picture of the development 
of critical thinking skills [15]. It has been suggested 
that dynamic, formative assessments to gain more 
comprehensive information about students’ cognitive 
achievements. Portfolio or project-based assessments, 
for example, allow students to demonstrate their 
thinking and reflection processes more explicitly [16]. 

To answer these challenges, innovation is needed 
in learning models that can integrate pedagogical 
knowledge, content, and technology synergistically 
[17], [18], [19]. One relevant approach is the 
Technological Pedagogical Content Knowledge 
(TPACK) framework. This model provides guidance 
to lecturers in designing effective learning with the 
appropriate use of technology. Mathematical 
modeling software can be used to help students 
understand abstract concepts through visual 
representations in understanding theories, which are 
applied in real-world contexts [17], [20], [21], [22]. In 
addition, the implementation of dynamic assessment 
is an important part of supporting the development of 
critical thinking [23]. Dynamic assessment focuses on 
a continuous learning process, where students are 
actively engaged through discussion, collaboration, 
and reflection.  

Students who participated in dynamic assessment 
showed significant improvements in critical thinking 
skills compared to those who participated in 
traditional assessments [24]. This shows that 
assessment does not only function as a measuring tool, 
but also as a learning tool that encourages students’ 
intellectual involvement. 

Higher education must pay serious attention to the 
development of critical thinking skills, especially in 
mathematics education [25]. The integration of 
flipped classroom, TPACK, and dynamic assessment 
provides a strong foundation for the creation of 
innovative learning models that not only improve 
learning effectiveness but are also relevant to the 
challenges of education in the 21st century. Higher 
education must pay serious attention to the 
development of critical thinking skills, especially in 
mathematics education. Through learning models 
such as SMART-FLIP, prospective mathematics 
teacher students will not only become competent 
teachers but also learning facilitators who are able to 
foster critical thinking in students. 
 
2. Methodology  

 
This research is a development study that adopts 

the ADDIE model. This model was chosen as one of 
the development designs that has the most relevant 
characteristics to the development of learning models. 
The research procedure consists of five stages, namely 
Analysis, Design, Development, Implementation, and 
Evaluation [26]. 

 
2.1. Analysis Stage 
 

At this stage, a needs analysis is conducted that 
focuses on identifying existing learning problems and 
specific needs for new learning models. This stage 
involves extensive data collection and in-depth 
analysis to understand the context and challenges 
faced by students and lecturers. 
 
2.2. Design Stage 
 

At this stage, the Smart-Flip learning model is 
designed, which consists of: 

 

1) Constructing a learning model: In this section, a 
smart-flip learning model design is created based 
on the support of existing learning theory and 
learning models. Furthermore, instructional 
activities are described in the form of syntax that 
describes learning activities. The resulting syntax 
gives rise to social systems, reaction principles, and 
model impacts. The theoretical relationship 
between systems determines the quality of the 
construction of the learning model. 
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2) Identifying and selecting support: Support is 
related to teaching materials and how to deliver 
them. Each unit of material taught has its 
characteristics, so an analysis needs to be carried 
out regarding the teaching materials used and how 
to use them. The teaching materials used in this 
study are in the form of modules, lesson 
implementation plans (RPP), and dynamic 
assessment books (BPD). The use of applications 
is also used, such as: Learning Management 
System (LMS), Critical thinking tests, WhatsApp 
chat groups as a discussion platform outside of 
learning, video displays, and dynamic assessment-
based assignment media. The use of LCD 
projectors is required for media in the form of 
PowerPoint. 

3) Developing topics: The topics raised are about 
mathematics and mathematical logic. Student 
presentations are designed attractively (simple, 
easy to understand, focused on learning 
objectives). 

4) Choosing templates, designs, layouts, and 
presentations: The resulting learning models and 
devices are made in script form, so that aesthetic 
aspects are needed in terms of presentation. The 
preparation of templates, designs, layouts, and 
presentations is adjusted to the objectives of 
developing learning devices to make them more 
attractive. 
 

The products produced at the Design stage are the 
draft 1 model of the Smart-Flip learning device, 
specifically:  

 

• The Design of the Smart-Flip learning model book, 
which includes syntax, social system principles, 
instructional impact reactions, and 
accompaniments.  

• Design of validity, practicality, and effectiveness 
instruments, and  

• Design of learning devices which include Learning 
Implementation Plans (RPP), Dynamic 
Assessment Sheets (LPD), and critical thinking 
ability tests. 
 

2.3. Development Stage 
 
At this stage, the development of the learning 

model is carried out based on the results of the 
previous stage. Development is divided into two 
stages, namely: (1) Validation of the learning model 
and tools, and (2) Readability testing.  

 

1) Validation of learning models and devices: The 
draft that was prepared was first validated by 
experts (expert review). The results of the expert 
assessment served as a reference for continuing or 
revising the first draft. The results of the first draft 
revision were Draft II, which was then tested for 
readability to determine the feasibility of the 
Smart-Flip learning model and devices applied in 
the field trial. 

2) Readability test: Draft II was tested for readability 
by selecting small class groups to determine the 
level of readability of the smart-flip learning model 
and devices. Five devices were tested for 
readability, namely the Model book, RPP, module, 
dynamic assessment sheet, and critical thinking 
ability test. The results of the Draft II revision were 
used to develop Draft III, which was then applied 
to the field trial. 

 

To test the validity of the instrument developed 
using Aiken’s V, as follows: 

 

𝑉𝑉 =  ∑𝑠𝑠
[𝑛𝑛(𝑐𝑐−1]                                  (1) 

 

Aiken’s Formula [27] 
Note: V = Validity Value 

∑s =r-lo 
r = Number given by the assessor 
lo = Lowest validity assessment number (e.g., 
1) 
n = Number of Respondents 
c = Highest validity number (e.g., 4) 

 

2.4. Implementation 
 
At this stage, researchers grouped them into two 

parts, namely small trials (limited) and large trials 
(expanded). 

 

1) Small Trial: This trial requires testing the level of 
practicality and effectiveness through field trials 
consisting of limited trials and expanded trials. 
Limited trials are carried out by selecting one class 
of students as an experimental class of 30 students. 
Subject selection is done randomly to ensure fair 
representation of the wider student population. 
 

The implementation of this limited trial involves 
course lecturers as Model lecturers, colleagues as 
observers, and researchers acting as facilitators and 
mentors in learning. The reasons for involving 
researchers, model lecturers, and colleagues are a) To 
ensure that communication occurs between 
researchers and course lecturers, and b)  That the 
application of the Smart-Flip learning model can be 
well understood by course lecturers and c)  that 
researchers gain perspectives from course lecturers as 
a form of intervention in student learning, and d) That 
the implementation of the smart flip learning model 
can be monitored well from the beginning to the end 
of the activity. 

 

2) Large Trial: At the large trial stage, research is 
conducted extensively on four classes from 
different campuses with a total of 129 students. 
This stage is carried out after all students have 
followed a series of learning activities using the 
SMART-FLIP model that is designed. The primary 
objective of this large-scale trial is to collect 
empirical data necessary for analyzing structural 
relationships between variables using the 
Structural Equation Modelling (SEM) approach 
[28]. 
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In its implementation, students undergo SMART-
FLIP-based learning that includes pre-class activities, 
structured face-to-face meetings, and dynamic 
formative assessments integrated with pedagogical 
and technological approaches. After the learning 
process is complete, students complete a questionnaire 
instrument containing indicators of four main 
constructs: flipped classroom (FLIP) design, TPACK 
integration, dynamic assessment, and the quality of 
SMART-FLIP model implementation. The data 
collected from the questionnaire are used to test the 
extent to which the relationship between the 
constructs is in accordance with the previously 
designed theoretical model. 

Through SEM analysis, researchers can check the 
validity and reliability of the constructs, test the 
feasibility of the model statistically (model fit), and 
identify the contribution of each exogenous variable 
to the SmartFlip mediation variable. The findings 
from this stage are the basis for empirically verifying 
the structure of the SMART-FLIP conceptual model 
and determining which parts of the model need to be 
strengthened in subsequent developments. 

 
2.5. Evaluation 

 
The evaluation stage is the final stage that 

examines data analysis based on expanded testing. At 
this evaluation stage, researchers conduct SEM tests 
that aim to ensure that the smart flip model meets 
construct validity [29], [30]. More precisely, the 
suitability of developing a learning model. The SEM 
model developed in this study is designed to explore 
and verify the structure of the relationship between 
several main constructs that influence the success of 
the implementation of the SMART-FLIP learning 
model for prospective mathematics teachers. In this 
model, there are three exogenous constructs, namely 
Flipped Classroom Design (FLIP), TPACK 
Integration, and Dynamic Assessment. All three are 
assumed to have a direct influence on the main 
endogenous construct, namely the Quality of the 
SMART-FLIP Model Implementation. The use of 
SEM in this study aims to test the structure of the 
causal relationship between several main constructs 
that underlie the success of the SMART-FLIP learning 
model [31], [32], [33]. 

SEM is used to simultaneously analyze the 
influence of flipped classroom design, TPACK 
integration, and dynamic assessment on the quality of 
SMART-FLIP model implementation, which in this 
context acts as a mediating construct. Through this 
approach, researchers can determine the extent to 
which each exogenous factor contributes to the 
model's effectiveness, as well as identify the dominant 
pathway of influence that plays the most significant 
role in improving the critical thinking skills of 
prospective mathematics teachers.  

In addition, SEM is also used to validate the 
conceptual structure of the model that has been 
designed theoretically, by testing the construct 
validity, indicator reliability, and overall feasibility of 
the model based on empirical data. Thus, SEM not 
only functions as a statistical tool but also as a 
scientific tool to confirm SMART-FLIP as a learning 
model that is tested both theoretically and empirically, 
and is relevant to the professional development needs 
of prospective 21st-century teachers. The complete 
process is illustrated in Figure 1. 

 

 
 

Figure 1. ADDIE model development procedures 
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3. Results 
 

This section presents the main findings from the 
process of developing and implementing the SMART-
FLIP learning model in the context of higher 
education for teachers, especially in the mathematics 
education study program.  

The SMART-FLIP model was developed as a 
response to the challenges of 21st-century learning 
that requires prospective teachers to not only master 
content and pedagogy but also be able to integrate 
technology effectively in the learning process. By 
adopting a student-centered approach, this model 
integrates the flipped classroom strategy, the TPACK 
framework, and dynamic assessments to foster 
students’ active role in learning. 

 
3.1. Analysis 
 

The preliminary stage in the process of developing 
the SMART-FLIP learning model begins with 
conducting a comprehensive needs analysis of the 
ongoing learning conditions in the mathematics 
education study program environment. The main 
focus of this stage is to identify actual problems in the 
learning process faced by students and lecturers, as 
well as formulate the need for a new learning model 
that is more adaptive and responsive to the demands 
of 21st-century learning. 

Data collection was carried out through a 
combination of in-depth interviews, classroom 
observations, and the distribution of exploratory 
questionnaires to students and lecturers. The results of 
the analysis show that the learning that takes place 
tends to be teacher-centered, with lectures dominating 
and minimal meaningful interaction between students 
and the material contextually. Students expressed that 
they often have difficulty understanding mathematics 
material in depth because learning takes place in a 
limited time, lack of access to independent learning 
resources, and the absence of formative assessments 
that help them reflect on their understanding 
progressively. 

Lecturers, on the other hand, face challenges in 
designing learning that is able to integrate technology 
effectively, align pedagogical approaches with the 
characteristics of the digital generation, and assess the 
development of students’ critical thinking on an 
ongoing basis. Both agreed that the current learning 
model does not fully support the development of high-
level thinking skills such as analysis, synthesis, 
evaluation, and critical reflection, which are very 
necessary for future teachers. 

There is a need for a more flexible and personalized 
learning approach, which allows students to learn 
according to their own pace and learning style, while 
encouraging active involvement through discussion, 
problem-solving, and reflection.  

This finding leads to the need for a new learning 
model that is able to combine learning technology, 
student-centered strategies, and formative and 
adaptive assessment systems. 

Based on these findings, it is formulated that the 
development of the SMART-FLIP model is a relevant 
and urgent need. This model is designed to answer 
three main learning problems: 

 

1) The lack of meaningful technology integration in 
the learning process;  

2) The weak active involvement of students in 
understanding and constructing mathematical 
concepts; and 

3) The absence of dynamic formative assessment to 
monitor the development of critical thinking on an 
ongoing basis. Thus, this analysis stage becomes an 
important foundation in forming the direction and 
structure of the development of the SMART-FLIP 
model theoretically and practically. 

 
3.2. Design 
 

The Design stage is an important phase in the 
SMART-FLIP model development process, which 
aims to develop a conceptual and technical framework 
for learning based on the results of the previously 
conducted needs analysis. At this stage, all supporting 
elements of learning are developed systematically, 
enabling the designed model to be implemented 
effectively and following the characteristics of 
prospective mathematics teacher students. 

 

1) Constructing the Learning Model: In this section, 
the initial design of the SMART-FLIP model is 
prepared by referring to constructivist learning 
theory, the student-centered approach, and relevant 
learning models such as flipped classroom, 
TPACK integration, and dynamic assessment. The 
model is structured as a whole by containing 
learning syntax components that describe the 
sequence of activities from pre-class, face-to-face 
activities, to reflective formative assessment. This 
syntax is developed into three main components: 
social systems, reaction principles, and 
instructional impacts, which are interrelated and 
determine the quality of interaction in the learning 
process. The SMART-FLIP syntax is designed to 
be flexible but still structured, to encourage active 
student participation, and to facilitate the 
strengthening of critical thinking skills 
progressively. 

2) Identifying and selecting supporting power: The 
strength of the SMART-FLIP model lies in the use 
of adaptive and functional learning supporting 
power. Therefore, an analysis of the characteristics 
of the teaching materials, as well as the media and 
tools used, is carried out.  
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3) The main teaching materials consist of learning 
modules, Learning Implementation Plans (LIPs), 
and Dynamic Assessment Books (DABs), which 
are designed to support continuous formative 
assessment. Meanwhile, digital platforms are 
utilized as supporting media, including the 
Learning Management System (LMS) for online 
content management, web-based critical thinking 
tests, WhatsApp groups as out-of-class discussion 
forums, and learning videos integrated into the 
system. Additionally, LCD projectors are used as 
the primary medium for delivering interactive 
presentations and dynamic, assessment-based 
assignments. 

4) Developing learning topics: Topics developed at 
this stage include the main content in mathematics 
and mathematical logic. Topics are selected based 
on their relevance to learning objectives and their 
potential to stimulate high-level thinking activities. 
The topic design is adjusted so that it can be 
presented in the form of an attractive, 
communicative, and easy-to-understand 
presentation, while still maintaining the depth of 
the concept. Students are trained to present material 
with a contextual approach, using simple 
visualizations that are oriented towards learning 
objectives. 

5) Choosing templates, designs, layouts, and 
presentations: In order for the SMART-FLIP 
learning device to be used optimally, the visual and 
aesthetic aspects of the presentation are also 
considered. Templates, designs, and layouts are 
arranged by considering the harmony between 
content structure, ease of navigation, and visual 
appeal. The presentation format is developed in 
digital and printed form, so that it can be used 
flexibly in both online and offline learning 
contexts. 

6) Design stage result products: The main product 
produced at this Design stage is the first draft of the 
entire SMART-FLIP model device, consisting of: 
 

• SMART-FLIP Learning Model Book Design, 
which contains learning syntax, social systems, 
reaction principles, instructional impacts, and 
theoretical explanations underlying the 
development of the model. 

• Evaluation Instrument Design, including 
validity, practicality, and effectiveness, to assess 
the quality of the model from the perspectives of 
experts, lecturers, and students. 

• Learning Device Design, which includes: 
Learning Implementation Plan (RPP), Dynamic 
Assessment Sheet (LPD), Student Critical 
Thinking Ability Test. 

 

This design will then be tested on a limited basis to 
obtain input from practitioners and experts before a 
large trial is carried out in the next stage. 

3.3. Development 
 

The development stage is carried out after the 
initial model design is complete and has gone through 
initial validation by experts. The main focus of this 
stage is to realize real products in the form of learning 
devices and supporting devices for the 
implementation of the SMART-FLIP model. In this 
process, researchers compile a complete instructional 
design, select learning support, and compile a learning 
syntax based on the flipped classroom approach that 
integrates TPACK and dynamic assessment. 

 

1) Construction of the Learning Model: The SMART-
FLIP model was developed through a 
comprehensive theoretical review of constructivist 
learning theory, the flipped classroom model, and 
the TPACK framework. Based on this synthesis, 
the core components of the model were compiled, 
including: model objectives, learning syntax, social 
systems, reaction principles, support systems, and 
instructional impacts. The description of these 
components is developed consistently with the 
learner-centered principle and is adaptive to the 
context of 21st-century learning. 

2) Identification and Selection of Supporting 
Capacity - the tools developed include:  
 

• Learning Implementation Plan (RPP) referring 
to the SMART-FLIP structure,  

• Interactive modules and media,  
• Dynamic Assessment Sheet (LPD) as a process 

assessment instrument, and  
• Critical Thinking Ability Test, as a learning 

outcome evaluation tool. The Learning 
Management System (LMS) platform is utilized 
to facilitate independent learning and online 
discussions, equipped with media such as 
WhatsApp groups, video presentations, and 
interactive PowerPoint presentations. 
Assessments are carried out formatively, 
continuously, and adjusted to the individual 
abilities of students. 

 

3) Topic Development and Presentation: The topics 
developed in the implementation of the model 
include mathematical logic material, which is 
considered relevant for strengthening critical 
thinking and logical reasoning skills. The 
preparation of presentations, papers, and visual 
materials is designed to be attractive and easy to 
understand. The visual appearance in the modules 
and learning media prioritizes the principles of 
aesthetics and clarity of information. 

4) SMART-FLIP learning syntax: This model is 
structured into five main learning stages that 
integrate active student involvement before, 
during, and after face-to-face learning. The 
complete syntax is shown in Table 1.  
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Table 1. SMART FLIP model syntax 
 

Stage Learning Objectives Student and Instructor Activities 

1. Preparation Stage Prepare materials and platforms for 
independent learning. 

- Students compile papers and PowerPoints. 
- Group discussions and upload materials to the 

LMS. 
2. Independent 

Learning Stage 
Provide opportunities for 
independent learning. 

- Students study materials on the Learning 
Management System (LMS). 

- Ask questions and discuss via the LMS. 
3. Classroom Stage Facilitate interaction, clarification, 

and collaborative learning. 
- Group presentations. 
- Discussion and Q&A. 
- Lecturers provide feedback and assess TPACK 

aspects (content & pedagogy). 
4. Assessment Stage Conduct assessments of the 

learning process and outcomes. 
- Dynamic assessment by lecturers through quizzes, 

questions, and observations of LMS activities 
5. Reflection and 

Reinforcement 
Reflect on the learning process and 
reinforce concepts. 

- Lecturers summarize, provide final feedback, and 
suggest further materials. 

- Students convey reflections on learning outcomes 
independently or in groups. 

Products Produced at This Stage: The development 
stage produces an initial draft of the SMART-FLIP 
learning model consisting of: 

 

a. SMART-FLIP Learning Model book: Explains the 
rationale for the model, theoretical basis, syntax 
components, social systems, reaction principles, 
and instructional impacts. 

b. Learning tools: Lesson Plans, Dynamic 
Assessment Sheets (LPD). 

c. Assessment instruments: including expert 
validation sheets, practicality questionnaires, 
effectiveness questionnaires, and critical thinking 
tests. 

 

Content Validity by experts: This validation was 
conducted by five experts who have competence in the 
fields of mathematics education, learning model 
development, assessment, and educational 
technology. The purpose of this stage was to assess the 
content validity of all developed products, which 
consist of the Research Instruments, Model Book 
(MB), Lesson Plan (LP), Dynamic Assessment (DA), 
Learning Materials (LM), and the Critical Thinking 
Test (CT). Table 2 presents the summary of expert 
validation results for each component. 
 

Table 2. Average expert validity 
 

I MB LP DA LM CT 
Item 1-10 1-10 1-7 1-10 1-8 

Expert 
Rater 

I 4,4 4,4 4,4 4,3 4 
II 4,7 4,7 4,9 4,8 5 
III 5 5 5 4,9 5 
IV 4,9 4,9 4,9 4,9 5 
V 4,8 4,8 4,6 4,6 5 

S1 3,4 3,4 3,4 3,3 3 
S2 3,7 3,7 3,9 3,8 4 
S3 4 4 4 3,9 4 
S4 3,9 3,9 3,9 3,9 4 
S5 3,8 3,8 3,6 3,6 4 
∑S 19 19 19 19 19 

n(c-1) 20 20 20 20 20 
V 0,9 0,9 0,94 0,9 0,95 

Validation was conducted using a 5-point Likert-
based assessment scale and analyzed using Aiken's V 
technique. The results of Aiken's V analysis showed 
that all components validated by experts obtained a V 
value above 0.90, which means they are in the “very 
high” category. Details of the validation results can be 
seen in Table 2: 

a. The SMART-FLIP model book shows a validity 
value of 0.90, indicating that the model design is 
conceptually and practically appropriate. 

b. The RPP obtained the highest validity with an 
Aiken’s V value of 0.90, which confirms that the 
syntax structure, learning objectives, and activities 
have been arranged consistently and appropriately. 
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c. Dynamic assessment, one of the innovative 
components in the model, was validated with a V 
value of 0.94, confirming that the assessment 
indicators accurately reflect the formative and 
responsive principles guiding student 
development. 

d. Teaching materials also obtained high validity (V 
= 0.90), indicating the appropriateness of the 
material content and clarity of presentation. 

e. The critical thinking ability test obtained an 
Aiken's V value of 0.95, which is the highest 
validity among all components, indicating that this 
instrument is very suitable for measuring students' 
critical thinking abilities constructively.  
 

Based on the explanation, validation demonstrates 
that all products in the SMART-FLIP model meet the 
content eligibility criteria as determined by expert 
assessments. This provides a strong basis for 
proceeding to the limited trial stage to obtain 
practicality and effectiveness data from the initial 
implementation of the model on a small scale. 
 
3.4. Implementation 
 

The implementation stage is carried out to test the 
application of the SMART-FLIP learning model in a 
real classroom environment and to assess the extent to 
which the model meets the criteria of validity, 
practicality, and effectiveness. Testing is conducted 
after the learning device has been validated by experts 
and is deemed ready for testing in the experimental 
class. The main focus of this stage is to assess the 
effectiveness of the model based on student learning 
outcomes, especially in mastering critical thinking 
skills. 

 

1) Individual Learning Completeness: Individual 
learning completeness is analyzed using the one-
sample proportion formula against the minimum 
standard [34]. The Minimum Completeness 
Criteria (KKM) is 70. Based on data from 30 
students in the experimental class, 27 students 
achieved a score of 70 or higher. Using the z-
proportion test, the calculation results show that the 
z-count value is greater than the z-table value 
(2.3904 > 1.64), so it can be concluded that the 
SMART-FLIP model has succeeded in meeting 
individual learning completeness. 

 
 
 
 
 
 
 
 
 

2) Classical Learning Completeness: To determine 
whether the SMART-FLIP model yields better 
results than conventional learning, a classical 
completeness test was conducted between the 
experimental group and the control group [35]. The 
results of the z-count calculation were greater than 
the z-table value (6.857 > 1.64), indicating that the 
classical completeness in the experimental class 
was met, and the SMART-FLIP model provided 
superior results compared to conventional learning. 

3) Paired Sample t-Test: To test the effectiveness of 
the model in terms of improving learning 
outcomes, a paired sample t-test was conducted on 
students’ pre-test and post-test scores [36]. The 
prerequisite tests for normality and homogeneity 
have been met: 

4) Normality: The significance value (Sig.) is greater 
than 0.05 in both the Kolmogorov-Smirnov and 
Shapiro-Wilk tests, indicating that the data is 
normally distributed. 

5) Homogeneity: Sig. The value of 0.217 is greater 
than 0.05, indicating that the variance between 
groups is homogeneous. 

6) The t-test results show a Sig. (2-tailed) value of 
0.000 <0.05, so there is a significant difference 
between the pre-test and post-test scores of 
students. Thus, the SMART-FLIP learning model 
has been shown to have a significant impact on 
enhancing students’ critical thinking skills. 

7) N-Gain Test: N-Gain analysis is used to determine 
the extent of the increase in learning outcomes that 
occur [37]. The results of descriptive statistics 
show: Average N-Gain = 0.5791, Score range = 
0.43 - 0.79, Standard deviation = 0.08684. 

 

The average N-Gain value of 0.5791 indicates that 
the increase in students’ abilities is in the “moderate” 
to “high” category. This range of values reflects a 
positive and relatively uniform increase in most 
students. 

The interpretation category of effectiveness based 
on the N-Gain score shows that the application of the 
SMART-FLIP model is quite effective in improving 
the critical thinking skills of prospective mathematics 
teacher students. 
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3.5. Evaluation  
 

The Evaluation stage is the final stage of the 
development procedure, namely the expanded trial.  

At this stage, the researcher tested it on three 
classes in order to determine the validity of the 
construct with the SEM test.  

Figure 2 presents the SEM model prior to the 
Smart-Flip modification. 
 

 

 
 

Figure 2. SEM Model before SMART FLIP modification 
 

From the analysis model, the interpretation can be 
obtained through the following Goodness of Fit (Table 
3). 

 

 
Table 3. Goodness of Fit before modification 
 

Index Value Fit Criteria Interpretation 
CMIN/DF 2,516 < 3 Fit (good) 

CFI 0,749 ≥ 0,90 ideal; ≥ 0,70 marginal Marginal Fit 
TLI 0,733 ≥ 0,90 ideal; ≥ 0,70 marginal Marginal Fit 
IFI 0,752 ≥ 0,90 ideal; ≥ 0,70 marginal Marginal Fit 
NFI 0,646 ≥ 0,90 ideal; ≥ 0,60 minimum Minimal Fit 

RMSEA 0,109 ≤ 0,08 (baik), ≤ 0,10 (cukup) Not a good fit, but still within tolerable limits 

Based on the SEM model Table 3, the model 
generally shows a fairly adequate fit, although not 
perfect. Several indicators, such as CFI, TLI, and IFI, 
show that the model is still acceptable (marginal fit). 
RMSEA = 0.109 is considered high, suggesting the 
need for model simplification or revisions based on 
the Modification Indices. 

Figure 3 shows the SEM model after modification. 
Each component in the figure is explained in the text 
to ensure that it is not merely a visual representation. 
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Figure 3. SEM Model after modification 
 

Based on the SEM test, from the analysis model 
can be interpreted through the Goodness of Fit, Table 
4. 

The Goodness of Fit criteria refer to [38]. 
 

Table 4. Goodness of Fit after modification 
 

Index Value Fit Criteria Interpretation 
CMIN/DF 1,824 < 3 Very good fit 

CFI 0,868 ≥ 0,90 ideal, ≥ 0,85 acceptable Approaching a very good fit 
TLI 0,855 ≥ 0,90 ideal, ≥ 0,85 acceptable Acceptable fit 
IFI 0,870 ≥ 0,90 ideal Marginal fit, but improving 
NFI 0,752 ≥ 0,90 ideal, ≥ 0,70 minimal Acceptable 

RMSEA 0,080 ≤ 0,08 (baik), ≤ 0,10 (cukup) Fit  

The revised structural model demonstrates a 
notable improvement in statistical feasibility, as 
evidenced by enhanced fit indices, specifically 
improvements in CMIN/DF, CFI, TLI, and RMSEA 
values. The relationships among latent constructs 
exhibit increased stability and statistical significance, 
with a notably stronger influence observed from the 
Dynamic Assessment variable on both FLIP and 
SMART-FLIP.  

Although the model fit is generally acceptable, the 
PCLOSE value remains below the threshold. 
However, such outcomes are not uncommon in 
models of high complexity with relatively limited 
sample sizes. Importantly, the RMSEA value of 0.080 
falls within the range indicative of a good model fit, 
reinforcing the model’s adequacy for further 
interpretation and theoretical validation. Table 5 
presents the details of the model feasibility. 

 

Table 5. Model feasibility 
 

Index Value Fit Criteria Interpretation 
CMIN/DF 2,516 1,824 The revised model shows a better fit and falls within the category of a 

very good fit. 
CFI 0,749 0,868 Significant improvement, approaching the ideal cut-off value of 0.90. 
TLI 0,733 0,855 Improved to an acceptable fit level. 
IFI 0,752 0,870 Improvement, indicating successful model adjustment. 

RMSEA 0,109 0,080 Changed from poor fit to good fit. 



TEM Journal. Volume 15, Issue 2, pages 1480-1492, ISSN 2217-8309, DOI: 10.18421/TEM152-44, May 2026. 
 

1490                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

These results indicate that the revised model is 
statistically more feasible, with an increase in the main 
fit value and an improvement in the model error. 
Based on the results of the Structural Equation 
Modeling (SEM) analysis, a model of relationships 
between constructs was obtained, namely Dynamic, 
FLIP, TPACK, and SMART-FLIP. This model 
describes the relationship between variables that form 
the construction of the Smart-Flip learning model.  

Based on the results of the construct validity test 
using structural equation modeling (SEM), it can be 
concluded that the SMART-FLIP learning model is 
feasible to apply, both theoretically and empirically. 
The modified model demonstrates excellent statistical 
feasibility and significant relationships between the 
constructs. This demonstrates that the SMART-FLIP 
model is not only valid in terms of content and 
implementation but also structurally valid, making it a 
potentially innovative learning model to be applied in 
higher education, particularly in developing the 
critical thinking skills of prospective mathematics 
teachers. 
 
4. Discussion 

 
The findings of this study indicate that the 

SMART-FLIP (Student-Centered Measure for 
Assessing and Reinforcing TPACK in Flipped 
Classroom) learning model is a practical pedagogical 
innovation in improving the critical thinking skills of 
prospective mathematics teachers. This model is built 
on the integration of three main components: flipped 
classroom learning, dynamic assessment, and the 
TPACK knowledge framework. The following 
discussion critically describes how each component 
contributes to the results obtained, theoretical 
relevance, and practical contributions to 21st-century 
learning. 

 
4.1. Integration of Theory in Model Construction 

 
The SMART-FLIP model emphasizes the 

importance of a student-centered approach in teacher 
professional learning, as suggested by Vygotsky 
through the concept of the zone of proximal 
development. The learning syntax built into this model 
is designed to gradually activate students’ cognitive 
engagement, combining coherent pre-class and face-
to-face activities. This aligns with Bergmann and 
Sams’ view on the effectiveness of flipped classrooms 
in promoting deeper learning activities in the 
classroom. 

The use of dynamic assessment as an integral part 
of this model provides added value in the development 
of critical thinking skills. Dynamic assessment 
encourages students to reflect on their thinking 
process, not just the final result [39].  

Thus, assessment functions not only as a 
measurement tool but also as a learning strategy itself. 
This finding is supported by paired t-test data, which 
show a significant difference between pre-test and 
post-test scores, as well as the N-Gain value, 
indicating a consistent increase in critical thinking 
skills. 

  
4.2. Model Construct Validity: Empirical Evidence from 

SEM 
 

Analysis using Structural Equation Modelling 
(SEM) reveals that the SMART-FLIP model exhibits 
adequate construct validity, with fit indicators that 
improve significantly following modification. Values 
such as CFI (0.868), TLI (0.855), and RMSEA (0.080) 
indicate that the model structure is statistically 
acceptable. The relationship between constructs, 
particularly the significant influence of dynamic 
assessment on SMART-FLIP, demonstrates that 
active student involvement in formative assessment 
substantially contributes to the success of flipped 
learning focused on TPACK development. 

These results confirm that TPACK is not just an 
attribute of teacher knowledge, but must be developed 
through authentic and meaningful learning 
interactions [40]. Embedding TPACK in the context 
of a flipped classroom, as done in this model, creates 
a richer and more reflective learning environment for 
prospective teachers. 
 
4.3. Practical and Theoretical Implications 
 

The practical implications of these findings are 
quite broad, especially in the development of teacher 
education programs. The SMART-FLIP model can 
serve as an alternative learning design that not only 
emphasizes content mastery but also fosters high-level 
thinking skills, technological literacy, and 
pedagogical sensitivity. This is crucial in the era of 
digital education transformation, where teachers are 
required not only to master the material but also to 
design adaptive and meaningful learning experiences. 

Theoretically, this study enriches the study of 
TPACK integration in innovative learning models 
supported by process-based formative assessment. 
This shows that a structured and data-driven 
instructional design approach can produce a learning 
model that is not only conceptually valid but also 
empirically feasible. 

  
4.4. Limitations and Directions for Further Research 
 

Although the study’s results indicate that the 
SMART-FLIP model has high effectiveness and 
validity, several limitations should be noted. First, this 
study was conducted in the context of prospective 
mathematics teacher students at one institution, so the 
generalization of this model to other disciplines or 
different populations requires further study.  
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Second, the measurement of effectiveness remains 
focused on cognitive aspects, particularly critical 
thinking skills, while affective and metacognitive 
aspects have not been thoroughly explored. 

Further research is recommended to evaluate the 
implementation of this model in various contexts, 
including different disciplines and educational levels, 
and to integrate additional variables such as learning 
motivation, self-regulated learning, and the use of AI 
in formative assessment. Longitudinal research is also 
needed to see the long-term impact of using this model 
on the professional performance of prospective 
teachers.  

 
5. Conclusion 

 
This study develops and evaluates the SMART-

FLIP learning model as an innovative approach to 
improving the critical thinking skills of prospective 
mathematics teachers. This model integrates the 
flipped classroom approach, dynamic assessment, and 
the TPACK knowledge framework in a single student-
centered learning system. 

The results of expert validation show that all 
components of the model, including instruments, 
learning devices, and assessments, meet the content 
validity criteria in the “very high” category. The 
implementation of the model in both limited and 
expanded trials demonstrates that SMART-FLIP is 
effective in enhancing student learning outcomes, as 
evidenced by the results of individual and classical 
mastery tests, paired t-tests, and N-Gain analysis. In 
addition, the construct validity tested through SEM 
shows that this model has a significant structure of 
relationships between constructs and a strong fit model 
after modification, confirming the feasibility of the 
model both theoretically and empirically. 

SMART-FLIP has the potential to be an alternative 
learning model in teacher education that addresses the 
needs of the 21st century. The integration of TPACK 
and dynamic assessment in flipped learning allows 
students not only to master the content but also to 
engage in reflective and meaningful learning. Further 
development is suggested to test this model in a cross-
disciplinary context and expand the study to students' 
affective and metacognitive dimensions. 
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