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ABSTRACT: This research evaluates the effectiveness of the PBGL model integrated with Artificial 

Intelligence (A.I) using the ChatGPT API to improve students' critical thinking skills. The main 

problems faced are the limited time of the lecturer in delivering the material, the lack of reference 

material, and the low motivation of students. This research used an experimental method involving 

520 students from Timor Leste (Cova-Lima and Dili districts) and Indonesia (East Java and East Nusa 

Tenggara provinces) studying Python, Java, and Web programming. Participants were divided into 

control (n=260) and experimental (n=260) groups. Key challenges included integration of the ChatGPT 

API, implementation of A.I-based automated feedback, and maintaining consistency and fairness in 

testing. The evaluation results showed significant improvement in critical thinking skills in the 

experimental group across all topics. For the Python topic, the experimental group had an average 

improvement of 20.75 points, compared to 8.20 points in the control group, with an average 

difference of 12.55 points. On the Java topic, the experimental group increased by an average of 25.58 

points, while the control group only 7.86 points, with an average difference of 17.72 points. In the 

Web Programming Languages topic, the experimental group showed an average increase of 23.74 

points, compared to 8.58 points in the control group, with an average difference of 15.16 points. These 

findings confirm that the contribution of A.I and ChatGPT integration in the PBGL model can 

improve critical thinking, provide automatic feedback, and increase student motivation. This research 

has the potential to be a reference in digital curriculum design with generative A.I approaches such as 

ChatGPT API, showing that A.I can enrich learning materials, personalized materials and provide 

flexibility for students and teachers in the digital era. 

Keywords: Gamification, Critical Thinking, ChatGPT API, Artificial Intelligence, PBGL.

I. INTRODUCTION 
PBGL is an innovative approach to learning that combines game elements with problem-based learning 

methods. Reputable research shows that PBGL is effective in increasing learner motivation and engagement, 
as well as deepening understanding of complex concepts [1-3]. In PBGL, the learner is placed in a real or 
simulated situation that is challenging and requires the learner to apply learned knowledge and skills to solve 
a given problem in a variety of situations [4, 5]. Studies show that the use of game elements, such as points, 
levels, and challenges, can increase participants' active participation, encourage teamwork, and facilitate more 
meaningful and enjoyable learning [6-8]. Therefore, PBGL is one of the interesting and effective approaches in 
today's modern world of education, especially in overcoming the challenges of learning in the digital era and 
highly dynamic artificial intelligence. 

The use of game elements in education, known as gamification, has grown rapidly since 2012 [9, 10]. 
Initially, gamification only involved simple things like quizzes and reward systems to make learning more 
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engaging. However, this approach has evolved to become more complex, encompassing more sophisticated 
games to support deeper learning [11]. Today, gamification in education includes more complex scenarios 
and challenges that can adapt to real-life situations, thus helping learners to apply their knowledge in 
everyday life and encouraging educators to find new ways to make learning more interactive [12]. Alongside 
the development of gamification, the arrival of artificial intelligence in education has also opened up new 
opportunities for more personalized, intelligent, and automated learning experiences [13, 14]. A.I. 
technologies that can create and understand language, such as ChatGPT, have great potential to provide 
customized feedback to individual learners, as well as increase their engagement in learning [15]. A.I can 
customize lesson content to suit individual needs, respond to learner progress, and provide feedback that 
helps them think more critically [16]. This personalization ensures that learners stay engaged and get the 
tailored support they need to overcome barriers to learning and improve critical thinking skills [17, 18]. 

The purpose of this research is to see how effective the PBGL method is in helping learners think more 
critically. In this research, artificial intelligence technology such as ChatGPT API is used to enrich basic 
programming learning materials, such as Python, Java, and Web Programming. This technology provides 
freedom and customization for learners and teachers, so that learning can be better suited to the needs of each 
student. This research will also develop and test this PBGL model, and assess how learners can think critically 
by providing appropriate feedback based on learner progress. To evaluate the results, various statistical 
testing methods will be used, such as CVR, CV, homogeneity, normality, independent sample t-test, and gain 
score, which are basically ways to measure and analyze data obtained from students. Through this research, 
it is expected to find out how much impact the PBGL method has on students' critical thinking skills, and also 
what factors affect the success of applying this method in education. 

The difference between the current research and previous research is more focused on the use of 
gamification to improve students' critical thinking skills in dealing with misinformation and fake news [19, 
20]. Previous studies also discuss the use of learning platforms such as Kahoot! and Vonder Go. [21], as well 
as software with gamification elements such as points, levels and scores designed to motivate and engage 
learners [22, 23]. In addition, several studies have also highlighted the use of gamification in online 
discussions both individually and in communities [24, 25]. On the other hand, research on the use of artificial 
intelligence to support critical thinking more often discusses the anxiety of adopting A.I, as well as how A.I is 
used to measure and improve individual capabilities [26, 27]. There are also studies that assess academic 
integrity and learner attitudes towards using A.I. technologies [28], as well as looking at how A.I. affects 
critical thinking, motivation, and self-awareness [29]. Thus, this research will focus on evaluating how a 
learning model for basic programming such as Python, Java, and web programming integrated with 
ChatGPT's API-based intelligent system can help students and teachers. ChatGPT, as an A.I. engine, is able to 
generate texts that match the given material, thus providing flexibility and customizability in the learning 
process.  

The research involved students from campuses in Timor Leste and Indonesia with a total of 520 
participants, who were divided into two groups: a control group (n = 260) and an experimental group (n = 
260). The participants were second and third semester students who had just learned basic programming 
languages such as Python, Java, and Web Programming Language. The courses tested were those basic 
programming languages, with a duration of three months that included 13 meetings. The average age of the 
students was 18 - 19 years old, and the testing involved pre-test and post-test assessments for each group. The 
selection of this course was based on previous evaluations that showed unsatisfactory scores in four 
Universities and Colleges, namely from Timor Leste (Cova-Lima and Dili districts) and Indonesia (East Java 
and East Nusa Tenggara provinces) according to interviews and surveys with the course instructors, with an 
average score of 65.5 and student distribution per class ranging from 10:20 to 7:23. The pass percentage in the 
previous semester only reached an average of 23.3%, which was caused by several factors, including time 
constraints, references to the material taught, as well as low enthusiasm, motivation, and desire to understand 
the material in depth. Therefore, this research aims to test students' critical thinking skills, enrich knowledge, 
and provide variety in basic programming materials by using an intelligent system-based gamification 
approach, as well as providing additional solutions and understanding for the students involved. 

The problem in this research that needs to be considered is the integration of the system developed with 
the ChatGPT API in the context of PBGL for learning basic programming languages such as Python, Java and 
Web Programming Language which is still relatively new and requires thorough evaluation to ensure that 
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this approach is truly effective in improving students' critical thinking skills. The technical challenges are 
related to the development and implementation of an A.I. model that can effectively provide formative 
feedback and an evaluation matrix based on student performance. In addition, this research involved two 
groups of students who were tested in different learning environments (control and experimental), so 
ensuring consistency and fairness in testing and evaluation was crucial. Lastly, the adaptability and flexibility 
of the A.I. model in meeting the individual needs of students and teachers must be ensured so that this 
approach can truly continue to be able to train critical thinking with system-generated questions with a given 
level of material and score, enriching additional knowledge and variety of material taught according to good 
academic standards. Overcoming these problems will be the key to the success of research in improving 
students' critical thinking skills through PBGL integrated with AI technology. 

Based on the background and problem formulation that has been described, this research focuses on 
evaluating the effectiveness of PBGL with an A.I. technology approach integrated with ChatGPT API. The 
main objective of this research is to improve students' critical thinking skills through an innovative and 
adaptive learning model. PBGL that combines level and point elements with problem-based learning is 
expected to enrich the learning experience and deepen the understanding of complex concepts. Through an 
experiment involving the testing of basic programming materials such as Python, Java and Web 
Programming Language, this research will evaluate the impact of the approach on students' critical thinking 
skills, as well as identify key factors that influence the successful implementation of this model in an 
educational context. As such, the results of this research are expected to significantly contribute to the 
development of more effective and adaptive learning methods in the ever-evolving digital and artificial 
intelligence era. 

II. LITERATURE REVIEW 
This literature review aims to identify research gaps in studies regarding the integration of A.I and 

gamification in learning. While many studies have explored the benefits of A.I and gamification separately, 
there is limited understanding of their combined effectiveness in improving critical thinking skills. This 
review will analyze previous findings regarding the application of A.I and gamification in education, as 
well as explore under-explored areas that require further research to optimize A.I and gamification-based 
learning approaches. 

1. THEORETICAL FRAMEWORK 
Critical thinking is the ability to analyze, evaluate, and construct arguments based on logic and 

evidence. According to Kuhn (2019), critical thinking is a dialogical activity carried out by individuals, first 
interactively, then in a form that is internalized with others only implicitly [30]. In addition, the habit of 
critical thinking supports the development of analytical abilities necessary for solving complex problems 
and making informed decisions [31, 32]. Research by Butler (2024) found that critical thinking is a better 
predictor of wise life decisions than general intelligence [33]. This is reinforced by research by Zawacki-
Richter et al. (2019) which showed that critical thinking skills allow participants to evaluate information 
objectively, crucial in today's digital age where false information can easily spread [34]. This is particularly 
important in an educational context, where the ability to think critically can help participants develop a 
deep understanding of the material or information being studied, improving understanding as well as 
learning outcomes. 

PBL is a learning method in which students learn through solving real problems. In PBL, students are 
placed in challenging situations that require them to apply their learned knowledge and skills to solve the 
problem. This approach encourages active, collaborative and reflective learning. According to research by 
Chibueze and Theresa (2011), PBL increases students' intrinsic motivation and facilitates deeper mastery of 
concepts through direct engagement with the learning material [35]. In addition, PBL not only focuses on 
problem solving but also on developing critical and analytical thinking skills that are important in 
professional and academic life [36]. Laksmi et al. (2020) pointed out that PBL can address participants' 
various learning styles, making this approach more inclusive and effective in reaching a diverse population 
of participants [37]. PBL also allows students to work in groups, which strengthens their social and 
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communication skills, as well as the ability to work together in teams to achieve a common goal [38, 39]. 
Sofie et al. (2017) added that PBL teaches students to learn independently and develop time management 
skills that are essential for success in higher education [40]. By placing students in real-world situations, 
PBL can help students see the relevance of what they are learning and how to apply it in a practical context, 
which ultimately increases engagement and motivation in the learning process. 

Whereas, AI-driven feedback is a system that uses A.I. technology to provide automated and 
personalized feedback to participants [41]. This mechanism can analyze student performance in real-time 
and provide appropriate recommendations to improve collaboration and critical thinking [42]. The 
integration of ChatGPT with PBGL can enable more interactive and adaptive feedback, thus enriching 
students' learning experience [43]. 

2. GAMIFICATION IN EDUCATION 
For decades, research on using game elements in learning (gamification) has been important in education 

for several reasons. In Asia, since 2020, gamification has focused on vocational schools, technical colleges, and 
healthcare [44]. Gamification is more suitable for use in problem solving [45] whose impact can improve the 
learning experience that was previously lacking and needs to be addressed again [46]. With the 
development of A.I, gamification approaches will be more adaptive [47]. The integration of A.I. and 
gamification in assessment has been shown to significantly improve participant engagement, motivation, 
and academic performance. This approach can make assessment more fun and impactful to learning, 
providing valuable feedback for educators to refine their pedagogical strategies [48] to mental health which 
holds great promise for improving one's emotional and psychological well-being [49]. 

The use of gamification in education has been shown to increase student motivation and engagement. 
Dichev and Dicheva (2017) showed that game elements such as points, badges and leaderboards can make 
the learning process more interesting and challenging for students [11]. This finding is in line with research 
by Alahmari (2020) who found that gamification in science education can significantly increase student 
engagement [50]. Then research by Smiderle et al. (2019) showed that gamification can help reduce 
learning distractions and improve student focus, but the integration of A.I. was not explored in depth. [51]. 
However, many of these studies focus on traditional gamification elements and lack consideration of the 
potential integration of more advanced A.I. technologies in an educational context. 

3. A.I IN EDUCATION 

The use of A.I in education has been explored to provide automated feedback and support adaptive 

learning. Chan and Zary (2019) showed that A.I. can impact personalized feedback and more efficient 

learning support [52]. Recent research by Bachiri and Mouncif (2020) showed that A.I systems can increase 

learner engagement in online courses through automated and adaptive feedback [53]. In addition, other 

studies highlighted that A.I., including ChatGPT, has great potential in providing personalized feedback in 

the context of distance education [54]. However, the use of APIs such as ChatGPT in the context of 

educational gamification is less explored. Existing research mostly discusses the use of A.I ChatGPT for 

general feedback without deeply integrating it into gamified learning systems [55, 56]. 

4. GAMIFICATION AND A.I COMBINATION (RESEARCH-GAP)  

An existing research gap lies in the lack of exploration into the use of the ChatGPT API to provide 

insights and automated responses in gamification-based learning systems. Research on using A.I. to 

analyze learner behavior and customize gamification elements shows great potential [12]. Evaluation of 

test incorporation methods utilizing A.I techniques [57] examining the synergistic relationship between A.I. 

and gamification in relation to education, learning support systems, evaluation mechanisms, education 

management, and educators [58], as well as the impact of utilizing A.I in gamification [59] These are some 

of the areas that have been researched, but do not delve deeply into how APIs such as ChatGPT can be 

integrated to provide more personalized insights.  
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Thus, researchers Berg and Plessis (2023) recommended the need for further research to explore the 

practice of ChatGPT integration in lesson planning [60], as well as research by Lopez et.al which provides 

advice on the continuation of the utilization of ChatGPT in the critical thinking dimension [61]. This 

research was developed to understand how the integration of A.I and gamification can provide more 

personalized insights and influence long-term learning outcomes [62]. Existing studies are still limited to 

short-term outcomes and have not considered the long-term impact of A.I and gamification integration in 

education. Therefore, further research is needed to explore the potential of ChatGPT API in creating a more 

interactive, adaptive, and personalized learning environment, and to assess its effectiveness in improving 

students' engagement, motivation, and learning outcomes in the long term [63]. 

III. MATERIAL AND METHOD 
In the research process carried out by researchers, it involves various methodological techniques and 

process flows used in the research which will be explained at the following points. 

1. RESEARCH DESIGN AND PARTICIPANT CRITERIA 
The research method used in this study is a quantitative method with a quasi-experimental design using a 

non-equivalent group control design technique. This research will conduct an experimental test, which is a 
way to find and observe the effect of something new or being tested directly, to get the truth in research. [64-
66]. So, this research will be conducted directly to evaluate and analyze the testing of PBGL-based learning 
models involving students from campuses in Timor Leste and Indonesia with a total of 520 students from 
June 2023 - April 2024, which are divided into two groups: control group (n = 260) and experimental group (n 
= 260). The participants were second and third semester students who had just learned basic programming 
languages such as Python, Java, and Web Programming Language. The courses tested were those basic 
programming languages, with a duration of three months that included 13 meetings. The average age of the 
students was 18 - 19 years old, and the testing involved pre-test and post-test assessments for each group. The 
selection of this course was based on previous evaluations that showed unsatisfactory scores in four 
Universities and Colleges, namely from Timor Leste (Cova-Lima and Dili districts) and Indonesia (East Java 
and East Nusa Tenggara provinces) according to interviews and surveys with the course instructors, with an 
average score of 65.5 and student distribution per class ranging from 10:20 to 7:23. The pass percentage in the 
previous semester only reached an average of 23.3%, which was caused by several factors, including time 
constraints, references to the material taught, as well as low enthusiasm, motivation, and desire to understand 
the material in depth. Therefore, this research aims to test students' critical thinking skills, enrich knowledge, 
and provide variety in basic programming materials by using an intelligent system-based gamification 
approach, as well as providing additional solutions and understanding for students involved. The reason for 
choosing these criteria, where participants have previously understood basic programming languages such as 
Python, Java and Web Programming Language, age and education level suitability, balanced group 
distribution in 520 students, adequate research duration and pre-test and post-test testing in measuring the 
improvement of participants' understanding quantitatively.  

The innovation in this research involves the development of a website service integrated with a generative 
ChatGPT API-based intelligent system. ChatGPT, as an AI engine, is able to generate text in natural language 
based on the context of the material or input provided by students, providing flexibility, adaptability, and 
ideas and insights to experimental group students. After students input answers or questions related to the 
material into the website system developed, the data is sent in JSON format to the ChatGPT API. ChatGPT 
API then processes this request based on the parameters requested by students, such as further explanation, 
answer correction, or programming code examples. The result produced by ChatGPT is text relevant to the 
request, such as in-depth explanations, correction suggestions, or additional insights. This output is then sent 
back to the website system, where students can view and use the information to improve their understanding 
or correct their answers. This system enables dynamic interaction between students and ChatGPT, providing 
a more adaptive and immersive learning experience. 
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2. DATA COLLECTION TOOLS 

Data was collected using several tools or means, including pre-test and post-test to measure the initial 

and final knowledge and skills of 520 students in basic programming learning (Python, Java and Web 

Programming Language), scores and levels in the gamification system to evaluate students' performance 

during the gamification-based learning process, as well as automatic feedback/insight from A.I. using 

ChatGPT API to provide real-time feedback based on students' answers. The collected data was then 

analyzed using SPSS (Statistical Package for the Social Sciences) version 22 software, which allows in-depth 

statistical analysis and validation of research results. Using SPSS, this research was able to conduct various 

statistical tests such as CVR, CV, homogeneity, normality, independent sample t-test and gain score testing 

to ensure the accuracy and consistency of the data obtained. 

3. ANALYSIS METHOD 

The data analysis method was carried out using the inferential analysis method to test the hoptesis 

using the t-test, where the t-independent sample test was used to test for significant differences between 

the control group and the experimental group in the pre-test and post-test. Before testing the data 

hypothesis, it is necessary to test homogeneity using Levene to ensure the variance of the control and 

experimental group data is the same (homogeneous) with a p-value> 0.05. While normality testing uses 

Kolmogorov-Smirnova to show normally distributed data with a p-value> 0.05.  

As for some of the tests used to test the validity and reliability of the data, namely; content validity test 

using lawshe technique (CVR) which evaluates the extent to which the items in the instrument cover all 

aspects measured by involving 8 experts [67]. Testing construction validity (CV) with factor analysis to 

ensure that the instrument can reflect the measured construct well. While reliability testing uses test-retest 

reliability to evaluate the consistency of the instrument in producing stable scores over time [68]. Data 

collection methods or techniques use critical thinking skills instruments with basic programming language 

materials such as Python, Java and Web Programming Language.  

All statistical analyses were conducted using SPSS (Statistical Package for the Social Sciences) version 22 

software, which allows validation of the research results through various in-depth statistical tests and 

ensures the accuracy and consistency of the data obtained. 

4. GAMIFICATION-BASED PROGRAMMING LANGUAGE TOPIC 
Gamification in other studies has had an impact that can improve academic performance, engagement, 

and motivation of learners [69] as well as having a psychological and intrinsic effect on participants [70, 71] 
gamification can be implemented in a variety of ways such as in focus group testing, online, utilizing 
software to developing concepts into the metaverse [72-75]. Gamification in this research is the application of 
game elements and principles in a non-game context to increase critical thinking, seriousness, insight and 
user engagement. Gamification is often used to make the learning process more interesting and interactive by 
adding elements such as points, levels, challenges and high scores. The aim is to increase the seriousness and 
motivation of learning and provide more fun and challenging feedback for students. The problem-based basic 
Python material that will be tested and entered into the system later to be tested can be seen in Table 1. 

 

Table 1. Basic Python programming language gamification-based test materials with level and score/point 

elements 

Level Topic Sub-Topic 
Total Sub-Topic 

Question 
Score per Question 

Lv.1 
Variables and 

Data Types 

Variable declaration and initialization 10 10 - 100 

integer, float, string, boolean 10 10 - 100 

Data type conversion 10 10 - 100 

Basic operations on data types 10 10 - 100 
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Lv.2 
Operators and 

Expressions 

Arithmetic operators 10 10 - 100 

Assignment operator 10 10 - 100 

Comparison operator 10 10 - 100 

Logical operators 10 10 - 100 

Lv.3 
Branching and 

Looping 

if, elif, and else 10 10 - 100 

Looping with for 10 10 - 100 

Looping with while 10 10 - 100 

break, continue, and pass 10 10 - 100 

Lv.4 Data Structure 

List 10 10 - 100 

Tuple 10 10 - 100 

Set 10 10 - 100 

Dictionary 10 10 - 100 

 
The data in Table 1 describes the structure of the materials and sub-materials that will be tested on 

students in learning basic Python programming language, organized by level. Each level has one main 

topic, and this topic is broken down into 4 sub-matters. Each sub-matter consists of 10 questions that 

students must answer. For each correct answer, students will get a score of 10, while incorrect answers will 

not get a score (score 0). The testing process starts with the first sub-matter in level 1. Students must answer 

all 10 questions in this sub-matter first. The number of questions in each sub-matter can be adjusted by the 

instructor as needed. After the first sub-matter is completed, students will proceed to the second, third, and 

fourth sub-matter. After all sub-matter in level 1 is completed, students will move on to the next level, 

which is level 2, and so on until level 4. Once the student has completed all the questions in all the sub-

matter at each level, the final score will be displayed on the system. This allows students to see real-time 

results and progress after completing the gamification of the Python material. 

Furthermore, the material about Java, which is an object-oriented programming language, where Java 

has a clear syntax and is relatively easy to understand by the test students, where Java is also taught at 4 

universities and colleges that are the object of research. The structure of Java material is divided into 4 

levels and also each level has 4 sub-topics of tested material. The basic problem-based Java material that 

will be tested and entered into the system later to be tested can be seen in Table 2. 
 

Table 2. Basic Java programming language gamification-based test materials with level and score/point 

elements 

Level Topic Sub-Topic 
Total Sub-Topic 

Question 
Score per Question 

Lv.1 
Variables and 

Data Types 

Variable declaration and initialization 10 10 - 100 

integer, float, string, boolean 10 10 - 100 

Type casting and conversion 10 10 - 100 

Basic operations on data types 10 10 - 100 

Lv.2 
Operators and 

Expressions 

Arithmetic operators 10 10 - 100 

Assignment operator 10 10 - 100 

Comparison operator 10 10 - 100 

Logical operators 10 10 - 100 

Lv.3 
Control Flow 

Statements 

if, elif, and else statements 10 10 - 100 

Looping with for 10 10 - 100 

Looping with while 10 10 - 100 

Break, continue, and return statements 10 10 - 100 

Lv.4 
Object-Oriented 

Programming 

Classes and Objects 10 10 - 100 

Inheritance 10 10 - 100 
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Polymorphism 10 10 - 100 

Encapsulation and Access Modifiers 10 10 - 100 

 

Table 2 describes the structure of the materials (Variables and Data Types, Operators and Expressions, 

Control Flow Statements and Object-Oriented Programming) and sub-materials to be tested on students in 

learning basic Java programming language, organized by level. Each level has one main topic, and this 

topic is broken down into 4 sub-matters. Each sub-matter consists of 10 questions that students must 

answer. For each correct answer, students will get a score of 10, while incorrect answers will not get a score 

(score 0). The testing process starts with the first sub-matter in level 1. Students must answer all 10 

questions in this sub-matter first. The number of questions in each sub-matter can be adjusted by the 

instructor as needed. After the first sub-matter is completed, students will proceed to the second, third, and 

fourth sub-matter. After all the sub-matter in level 1 is completed, students will move on to the next level, 

which is level 2, and so on until level 4. Once the student has completed all the questions in all the sub-

matter at each level, the final score will be displayed on the system. This allows students to see real-time 

results and progress after completing the gamification of the Java material. 

The last material is Web Programming Language, which has several advantages that make this 

programming language very popular in the development of applications and websites. This language is 

easy to learn and use, making it suitable for beginners. Web Programming Language is also a course that is 

certainly required to be taught on every Informatics-based campus in the world, and is also a compulsory 

course taught at the 4 universities and colleges that are the object of research. The basic Web Programming 

Language material structure is divided into 4 levels and also each level has 4 sub-topics of material tested. 

The problem-based basic Web Programming Language material that will be tested and entered into the 

system later to be tested can be seen in Table 3. 

 

Table 3. Basic Java programming language gamification-based test materials with level and score/point 

elements 

Level Topic Sub-Topic 
Total Sub-Topic 

Question 
Score per Question 

Lv.1 HTML Basics 

Structure of HTML Document 10 10 - 100 

Common HTML Tags (headings, 

paragraphs, links) 
10 10 - 100 

Images and Multimedia Embedding 10 10 - 100 

Lists (ordered, unordered) 10 10 - 100 

Lv.2 CSS Basics 

CSS Syntax and Selectors 10 10 - 100 

Box Model and Layout 10 10 - 100 

Comparison operator 10 10 - 100 

Responsive Design with Media Queries 10 10 - 100 

Lv.3 
JavaScript 

Fundamentals 

JavaScript Syntax and Variables 10 10 - 100 

Functions and Events 10 10 - 100 

DOM Manipulation 10 10 - 100 

Basic Form Validation 10 10 - 100 

Lv.4 
Advanced 

JavaScript 

Arrays and Objects 10 10 - 100 

Loops and Iteration 10 10 - 100 

Error Handling (try-catch) 10 10 - 100 

Introduction to Asynchronous 

JavaScript (Promises, async/await) 
10 10 - 100 
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Table 3 describes the structure of the materials (HTML Basics, CSS Basics, JavaScript Fundamentals and 

Advanced JavaScript) and sub-materials that will be tested on students in learning basic Web 

Programming Language, organized by level. Each level has one main topic, and this topic is broken down 

into 4 sub-matters. Each sub-matter consists of 10 questions that students must answer. For each correct 

answer, students will get a score of 10, while incorrect answers will not get a score (score 0). The testing 

process starts with the first sub-matter in level 1. Students must answer all 10 questions in this sub-matter 

first. The number of questions in each sub-matter can be adjusted by the instructor as needed. After the 

first sub-matter is completed, students will proceed to the second, third, and fourth sub-matter. After all 

the sub-matter in level 1 is completed, students will move on to the next level, which is level 2, and so on 

until level 4. Once the student has completed all the questions in all the sub-matter at each level, the final 

score will be displayed on the system. This allows students to see real-time results and progress after 

completing the gamification of the web material. 

5. CHATGPT INTEGRATED A.I-BASED GAMIFICATION MODEL ARCHITECTURE 

The framework or gamification system model to be implemented is designed to fulfill some of the main 

elements of a game, such as basic programming materials (Python, Java, and Web Programming 

Language), levels, and scores. This model will be developed and implemented based on artificial 

intelligence (AI). In this system, each correct answer will be automatically detected by AI, which then 

provides additional insights and explanatory material to students. The AI also enables the measurement of 

student satisfaction through ratings of the materials and insights provided, using a score scale of 1 to 5. 

These ratings provide instructors with important feedback for further evaluation of the system's 

effectiveness. The framework of this AI system integrated with the ChatGPT API can be seen in Figure 1. 

Programming Language Question
(Problem Based)

API ChatGPTSyncronize

Generative A.I. based 
Gamification Web

OpenAI System Server

Database

 Question Data Management 
Programming Language

(C.R.U.D)
Management

Level Score Navigation Insight

Testing Code

User Data, Level and 
Score

Matrix/Graphic View of Data 
Evaluation

Rate

ChatGPT
Database

Internet

GET POST
Elements on The Web

1

2 3

4

5

 

FIGURE 1. Architecture of ChatGPT integrated A.I. based gamification model 

Figure 1 shows the proposed architecture model for the development of PBGL system involving 

artificial intelligence integrated with ChatGPT API. This architecture consists of five main parts that 

communicate with each other. First, teachers input basic testing materials such as Python, Java, and Web 

Programming Language, as well as manage assessment criteria, points, and levels for the gamification 

model of each material through the data input system. Second, the data that has been inputted by the 

instructor is stored in the system database, which serves as the data management center for the website. 

Third, student participants of the experimental class access the website, where they can work on questions 

https://doi.org/10.58429/qaj.v4n3a919


QUBAHAN ACADEMIC JOURNAL 

VOL. 4, NO. 3, September 2024 

https://doi.org/10.58429/qaj.v4n3a919 

 

 
494 

VOLUME 4, No 3, 2024  

based on the predetermined difficulty level (level), and receive automatic insights generated by ChatGPT 

through an integrated API. The website displays information such as the level of difficulty of the material, 

the score of the correct answer, as well as automatic feedback from the ChatGPT system. Fourth, the 

developed website system performs synchronization which plays a role in managing communication 

between the website and the ChatGPT API, ensuring that requests from students are received and 

processed correctly, and the required data is sent back to the user in the form of insights. Finally, the 

system also stores students' work results, including scores, levels, and other user data, which can be 

accessed by teachers and students to view evaluations, result matrices, and feedback, providing a 

comprehensive picture of the critical thinking skills of experimental class students in gamification and AI-

based learning. 

6. ARTIFICIAL INTELLIGENCE AND API CHATGPT 

A.I. is an intelligent technology capable of interacting with the environment and simulating human 

intelligence [76] and has adaptation and decision-making capabilities [77] A.I. systems have been applied 

and developed in society, government, industry, and academia [78-80]. In this research experiment, the 

utilization of A.I. will be integrated with the ChatGPT API to add information according to the detected 

material content, so that students can gain additional insight when solving problem-based problems on 

basic programming materials such as Python, Java and Web Programming Language. The ChatGPT API 

utilizes Large Language Models (LLMs) that function to understand and generate text naturally. LLMs are 

trained using large amounts of text data to predict words or phrases in a sentence, allowing students to 

answer questions, provide information, and carry on conversations in a human-like manner quickly. [81-

83]. This integration is expected to improve students' critical thinking skills through the automatic 

provision of relevant and in-depth information. 

OpenAI provides request functions to enable integration of the ChatGPT API into the client service 

system to be developed. A brief overview of the request function and the default response that can be used 

and modified is available on the link page https://platform.openai.com/docs/api-reference/making-

requests. The function involves an HTTP POST method with an endpoint URL, authorization header, and 

parameters in the request body, and returns a JSON object that includes the generated text and additional 

metadata. The library extensions provided by the ChatGPT API are in the form of node.js, curl and python 

scripts. Examples of ChatGPT API request and response functions can be seen in figure 2 and figure 3 

below. 

 

 

FIGURE 2. Part of the logic framework performs the request process to the ChatGPT API Endpoint 

As explained in Figure 2, this part of the script uses a tool called "curl" to send messages to the virtual 

assistant from OpenAI. In the first line, it specifies the destination address of the message being sent, which 

is https://api.openai.com/v1/chat/completions. Then, the next two lines (-H "Content-Type: 

application/json" and -H "Authorization: Bearer $OPENAI_API_KEY") set the type of information sent (text 

in JSON format, which is how computers understand data) and enter the secret key (API Key) to ensure 
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only authorized users can use the service. The last line (-d '{...}') contains the message that the user wants to 

send to the ChatGPT virtual assistant, the selected assistant model (gpt-4o-mini), and the "temperature" 

setting that determines how creative the answers are. Once these are sent, the ChatGPT virtual assistant 

will respond according to those instructions. 

 

FIGURE 3. Part of the logic framework of the process of reply response from JSON API ChatGPT from the 

request result 

In Figure 3, the JSON script above is the result of a conversation with the virtual assistant, where "id": 

"chatcmpl-abc123" is the unique identification number assigned to this conversation, like a serial number 

that distinguishes one conversation from another. "object": "chat.completion" indicates that this is the result 

of a completed conversation, meaning that the virtual assistant has provided the answer. The time the 

conversation occurred is recorded with the number "created": 1677858242, which is how the computer 

stores time in a format called "epoch time", although to the user this means exactly when the conversation 

took place. The assistant model used to answer is "model": "gpt-4o-mini", which indicates the version or 

type of the ChatGPT virtual assistant. In the "usage" section: {...}, there is information about how many 

words or parts of words (called "tokens") were used: "prompt_tokens": 13 indicates the number of words in 

the message sent by the user, "completion_tokens": 7 is the number of words used by the assistant to 

answer, and "total_tokens": 20 is the total number of words. In the "choices" section: [...], it describes the 

content of the answer given by the ChatGPT assistant, where "message": {...} indicates that the assistant 

responded with the message "This is a test!". The value "logprobs": null indicates that there is no additional 

information about the probabilities used by the assistant to select the words in her answer. The reason why 

the ChatGPT assistant stopped answering is characterized by "finish_reason": "stop", which means that the 

assistant finished giving the desired answer, and "index": 0 indicates that this is the first (and only) answer 

in the list of answers given by the assistant in this conversation. 
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FIGURE 4. Architecture of request and response between user and ChatGPT API 

The explanation in figure 4 illustrates how the developed system communicates between user requests 

and the ChatGPT API can work. First, the user interacts with the developed website through the user 

interface (UI). Here, the user enters the answers of multiple-choice questions into the website system. Once 

this data is inputted and submitted via the "Submit" button available in the gamification lesson question 

page, the application sends the information to the ChatGPT database server in JSON format, which is a 

standardized way of structuring data to be easily understood by computers. Next, the server hosting this 

database forwards the request in JSON format to the OpenAI server, where the ChatGPT API resides. In 

this process, the OpenAI server uses a request header containing authorization information and other 

metadata, which ensures that the request is legitimate and complies with the terms of access. The ChatGPT 

API then processes the request and generates an answer or response, which is also in JSON format. This 

response is then sent back to the user's website server, which receives and displays it back through the UI 

to the user in the form of insights. In addition, the developed website not only displays the results, but also 

manages the business logic behind the scenes. This includes managing the data stored in the database (DB) 

for various purposes, such as storing user interaction history so that it can be reused or analyzed in the 

future. 

7. PRE-TEST AND POST-TEST 

The pre-test is conducted before the training or material delivery begins with the aim of measuring 

students' knowledge or skills before receiving training. The pre-test results provide an initial picture of the 

students' level of understanding of the material to be delivered. In contrast, the post-test is conducted after 

the training or material delivery is completed to measure students' knowledge or skills after attending the 

training. The results of the post-test are compared with the results of the pre-test to assess the extent of 

improvement or change that has occurred in the participants. [84, 85]. In testing the results of initial and 

final critical thinking skills in student groups (control and experimental groups). The total number of 

students involved in this research is 520 participants which will be divided randomly and equally, where 

the control class students are 260 participants and for the experimental class are 260 participants as well, 

and will be tested pre-test and post-test. The following is a picture of pre-test and post-test testing in the 

control class and experimental class in figure 5. 
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FIGURE 5. Control group 

In figure 5 is a control class group totaling 260 students. This research process was carried out for 11 

months from June 2023 - April 2024, 3 months testing PBGL material involving students from 4 different 

universities and colleges, namely from East Java Province, East Nusa Tenggara Province (Indonesia), and 

universities located in the Cova-Lima and Dili districts (Timor Leste).  Each student has a duration of 3 

months when the researcher provides material about Python, Java and Web Programming Language and 

this course is a basic and compulsory course (not an elective) for second and third semester students in 

each University and College which is the object of research. This research was taken because of the 

problems of each student in understanding complicated programming languages and having a low pass 

rate, and there is an obligation for each student to pass this compulsory course to be able to take advanced 

courses in the following semester. 

Before the training and testing began, the first step was to administer a pre-test to the control group to 

assess their basic knowledge and skills in Python, Java, and Web Programming Languages for 3 months. 

This pre-test serves as a benchmark to understand how well the students have mastered the basic concepts 

before receiving the training. The control group will undergo training using conventional learning 

methods, which do not involve gamification elements or artificial intelligence (AI) integration. This method 

focuses on traditional approaches often used in formal education settings, such as lectures, discussions, 

and hands-on exercises without the addition of interactive technology. After the training was completed, 

students were given a post-test identical to the baseline test to measure the extent to which their 

knowledge and skills had developed during the training. The results of this final test are then compared 

with the baseline test to determine the effectiveness of conventional learning methods in improving 

students' ability to understand programming languages. In addition, this comparison also provides insight 

into how much impact the traditional approach to learning has compared to more modern approaches 

such as gamification and AI, which may be applied to the experimental group. 
 

 

  
 

 

 

 

 

 

 

 

FIGURE 6. Experimental group 
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In Figure 6 is the experimental class group, the total number of students is the same as the control class 

students which is 260 participants. This research process was carried out for 11 months from June 2023 - 

April 2024 with students from 4 different universities and colleges, namely from East Java Province, East 

Nusa Tenggara Province (Indonesia), and Universities located in the Cova-Lima and Dili districts (Timor 

Leste).  Each student has the same duration of 3 months when the researcher provides material on Python, 

Java and Web Programming Language and this course is a basic and mandatory course (not an elective) for 

second and third semester students in each University and College that is the object of research. The same 

problem is the basis of direct examination of these 4 universities because each student in understanding 

programming languages is complicated and has a low pass rate as well, and there is an obligation for each 

student to pass this compulsory course to be able to take advanced courses in the following semester. 

The experimental group was given a pre-test to measure students' basic knowledge and skills in 

understanding Python, Java and Web Programming Languages. This test aims to assess the initial level of 

students' ability in programming before students receive special training. The experimental group then 

underwent training using the Problem-Based Gamification Learning (PBGL) model, a website integrated 

with artificial intelligence (AI) through the ChatGPT API. In this method, students get additional 

information and automatic feedback when solving problem-based problems, which are designed to deepen 

students' understanding of the basic material concepts of Python, Java and Web Programming Language. 

The integration of AI enables a more interactive and adaptive learning experience, where students can 

interact with the system that provides answers, explanations and suggestions according to the difficulties 

they face. After the training was completed, the same post-test was administered to measure the changes in 

students' knowledge and skills after going through the training with this advanced PBGL method. The 

comparison of the pre-test and post-test results in the experimental group will provide insight into the 

effectiveness of the gamification and AI-based learning approach compared to conventional methods, as 

well as how much the students' understanding of Python, Java and Web Programming Languages 

improved as a result of the training. 

8. NON-EQUIVALENT CONTROL GROUP DESIGN 

This research uses a non-equivalent control group design. This design involves two groups that are not 

randomly selected, where both groups are given a pre-test to identify initial differences between the 

experimental group and the control group, here is a research design to test the effectiveness of the PBGL 

learning model with Python, Java and basic Web Programming Language materials. The following data 

design non-equivalent control group design can be seen in Table 4. 

 

Table 4. Non-equivalent control group design 

Group Pre-test Treatment Post-test 

Experiment (A) O1 X O2 

------------------------------------------------------------------------------------------------------------------------------- 

Control (B) O3 - O4 

 

Description: 

A : Experimental class with PBGL learning model 

B : Control class with conventional method  

O1 : Experimental class pre-test 

O2 : Post-test of the experimental class  

O3 : Control class pre-test 

O4 : Control class post-test 
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X  : Treatment/use of PBGL model 

 

Based on the model design in Table 4, this research design will have two analyses conducted. The first 

analysis aims to compare the initial ability between the experimental group and the control group (O1:O3). 

To test this difference, the t-test method is used. The expectation is that there is no significant difference 

between the initial ability of the control group and the experimental group, namely between O1 and O3. 

The second analysis aims to test the proposed hypothesis, namely "The application of PBGL model 

learning will improve critical thinking and problem-solving skills" In this case, the t-test statistical 

technique for two related samples was used. What is tested is the difference between O2 and O4. If there is 

a difference where O2 is greater than O1, then learning with the PBGL model has a positive effect. 

However, if O2 is smaller than O4, then learning with the PBGL model has a negative effect. 

IV. DATA ANALYSIS 
This research uses various methodological techniques to evaluate the effectiveness of PBGL on critical 

thinking skills with an A.I. approach integrated with the ChatGPT API. This methodology includes three 
main tests: content validity ratio testing to assess the suitability of items with the measured domain based 
on expert judgment, construct validity testing to ensure that the instrument can reflect the measured 
construct well, and test-retest reliability testing to evaluate the consistency of the instrument in producing 
stable scores over time. Each of these tests was conducted with appropriate techniques and statistical 
analysis to ensure the validity and reliability of the data obtained from this study. 

9. CONTENT VALIDITY RATIO (CVR) TESTING 
Content validity test with CVR is a method used to determine the suitability of items with the measured 

domain based on the assessment of experts or validators. By using the CVR formula, researchers can find 
out whether the items developed are in accordance with the objectives to be achieved and whether the 
measured domain is seen in accordance with the assessment of experts. The CVR formula is expressed as 
follows. 

CVR = (2ne/ n) - 1     (1) 

 

Formula Description: 

Where ne is the number of subject matter experts (SMEs)/penalists/validators who rated an item and n is 

the number of SMEs/penalists/validators who conducted the assessment. 

CVR values range from -1 to 1. The higher the CVR value, the better the degree of content validity 

obtained. An item is considered to have good content validity if the CVR value of the item equals or 

exceeds the minimum acceptable CVR value. The minimum acceptable CVR value depends on the number 

of panelists/experts involved in the content validity test. 

The use of the CVR method in content validity testing allows researchers to quantitatively measure the 

extent to which items in an assessment instrument are considered relevant and representative of the 

domain being measured. This provides a strong basis for ensuring the content validity of the assessment 

instrument developed. The following are the results of the content validity test with CVR critical thinking 

and problem-solving skills. The following are the results of the CVR validity test of critical thinking skills 

by experts in Table 5. 

 

Table 5. CVR validity test results for critical thinking skills (expert) 

Topic Essay Type NE CVR Min Value CVR Description 

Python Why is initialization important when 8 1 0.75 Valid 

https://doi.org/10.58429/qaj.v4n3a919


QUBAHAN ACADEMIC JOURNAL 

VOL. 4, NO. 3, September 2024 

https://doi.org/10.58429/qaj.v4n3a919 

 

 
500 

VOLUME 4, No 3, 2024  

declaration of variables? 

Create a boolean data type function with an 

"if" condition example. 
8 1 0.75 Valid 

Create a program that performs arithmetic 

operations on integers. 
7 0.75 0.75 Valid 

Create a simple script using assignment 

operators (=, +=, -=, *=, /=) 
7 0.75 0.75 Valid 

Create script logic using the "if-elif-else" 

function. 
8 1 0.75 Valid 

Create scripts using polymorphism for 

methods from different classes. 
7 0.75 0.75 Valid 

Java 

Explain how to declare and initialize variables 

in Java with examples. 
8 1 0.75 Valid 

Create a program that declares int, float, 

String, and boolean. 
7 0.75 0.75 Valid 

Create a script that uses arithmetic operators, 

including the modulus operator (%). 
7 0.75 0.75 Valid 

Create a program that determines whether a 

number is positive, negative, or zero using "if-

else" in Java. 

8 1 0.75 Valid 

Create a script that uses polymorphism to call 

methods from different classes. 
8 1 0.75 Valid 

Create an example of using "private" to protect 

data in a Java class. 
8 1 0.75 Valid 

Web 

Programming 

Languages 

What are the functions of the <head> and 

<body> elements in an HTML document? 
7 0.75 0.75 Valid 

Write HTML examples that use <h1>, <p>, and 

<a> tags. 
8 1 0.75 Valid 

Create a CSS example that organizes the layout 

of elements with "margins" and "padding". 
7 0.75 0.75 Valid 

Create an example of a JavaScript function that 

is called when the button is clicked. 
8 1 0.75 Valid 

Write a JavaScript code example for form 

validation, checking if the input is empty. 
8 1 0.75 Valid 

Write a JavaScript code example that uses "try-

catch" to catch and handle errors 
7 0.75 0.75 Valid 

 

In Table 5, based on the results of the CVR validity test of critical thinking skills by experts in ensuring 

the validity of the items in measuring students' critical thinking skills, a validity test using CVR was 

conducted. This test involves a number of experts (NE) who assess the relevance and accuracy of each item 

in measuring important aspects of Python, Java, and Web Programming Languages. The CVR obtained 

indicates the level of agreement among the experts regarding the validity of the items, where a score of 1 

indicates full agreement, and a score of 0.75 indicates slight variation in judgment but remains above the 

minimum required for validity.  

The following is a detailed description of each item based on the topic tested, the number of experts 

involved, and the CVR value obtained. This description aims to provide a deeper understanding of the 

relevance and effectiveness of each item in the context of teaching and testing students' critical thinking 

skills. 

The following is a detailed description of each item based on the Python topic: 

a) Why is initialization important when declaring variables?  
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It has an NE of 8 and a CVR of 1, indicating that experts agree that this item is highly valid in 

measuring students' understanding of the importance of variable initialization in programming, 

where this item effectively measures students' critical ability in understanding the basic concepts of 

variable declaration and initialization in Python. 

b) Create a boolean data type function with an "if" condition example. 

It has an NE of 8 and a CVR of 1, which shows that experts agree that the question is very relevant to 

measure students' critical thinking skills in the use of boolean data types and their application in if 

conditions. This validity value indicates that this question successfully tests students' ability to apply 

simple programming logic. 

c) Create a program that performs arithmetic operations on integers. 

It has an NE of 7 and a CVR of 0.75. Although this CVR score was valid, there was a slight difference 

of opinion among the experts regarding the relevance of this item. This may be due to variations in 

understanding of the difficulty level of the item, but it is still recognized as a valid item in measuring 

students' ability to perform basic arithmetic operations in Python. 

d) Create a simple script using assignment operators (=, +=, -=, *=, /=). 

It has an NE of 7 and a CVR of 0.75. These scores indicate sufficient validity, but there was not full 

agreement among the experts. Most likely, this question tested a more specific area in the use of 

assignment operators, which may have led to variations in relevance ratings. 

e) Create script logic using the if-elif-else function. 

It has an NE of 8 and a CVR of 1, indicating full agreement among the experts that the question is 

highly valid in testing the learner's understanding of branching logic using if-elif-else in Python. 

This high CVR value indicates that the question effectively measures the learner's ability to 

implement program flow control structures. 

f) Create scripts using polymorphism for methods from different classes. 

It has an NE of 7 and a CVR of 0.750. While this score is valid, the slight disagreement among experts 

may be due to the complexity of the polymorphism concept in Python. The question is still 

recognized as valid to test the learner's ability to apply the principle of polymorphism in a more 

advanced context. 

The following is a detailed description of each item based on Java topics: 

a) Explain how to declare and initialize variables in Java with examples. 

It has an NE of 8 and a CVR of 1, indicating that the experts agreed that this item is highly valid for 

testing students' understanding of variable declaration and initialization in Java. This full agreement 

confirms that the question is able to measure basic understanding in the Java programming language 

very effectively. 

b) Create a program that declares int, float, String, and boolean. 

It has an NE of 7 and a CVR of 0.75. Although this CVR score is still valid, slight variations in scoring 

may arise due to different levels of complexity in understanding different data types in Java. 

However, this question is still considered valid in measuring the learner's ability to declare variables 

with different data types. 

c) Create a script that uses arithmetic operators, including the modulus operator (%). 

It has an NE of 7 and a CVR of 0.75. These scores indicate that this item is valid enough to measure 

students' understanding of the use of arithmetic operators in Java, including the modulus operator. 
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However, the small difference in expert ratings suggests that some may see this as a more complex 

question. 

d) Create a program that determines whether a number is positive, negative, or zero using if-else in 

Java. 

It has an NE of 8 and a CVR of 1, indicating full agreement that it is highly relevant and valid for 

measuring learners' ability to use conditional logic in Java. This CVR value indicates that the 

question effectively tests understanding of program flow control structures. 

e) Create a script that uses polymorphism to call methods from different classes. 

It has an NE of 8 and a CVR of 1. This full agreement indicates that the experts agreed that this 

question is highly valid for measuring students' ability to apply the concept of polymorphism in 

Java. This high validity indicates that the question effectively measures advanced skills in OOP. 

f) Create an example of using private to protect data in a Java class. 

It has an NE of 8 and a CVR of 1, indicating full agreement among the experts that this question is 

highly valid in testing the learner's understanding of encapsulation and the use of private access 

modifiers to protect data in Java. This question is highly relevant to ensure that students understand 

the basic principles in OOP. 

The following is a detailed description of each item based on the Web Programming Language topic: 

a) What are the functions of the <head> and <body> elements in an HTML document? 

It has an NE of 7 and a CVR of 0.75. These scores are valid but indicate that there is a slight 

difference of view among experts on the relevance or complexity of this concept. Nonetheless, it is 

still considered valid enough to measure a basic understanding of HTML document structure. 

b) Write HTML examples that use <h1>, <p>, and <a> tags. 

It has an NE of 8 and a CVR of 1. This full agreement indicates that the experts agreed that this item 

is highly valid in measuring the learner's ability to use common HTML tags such as headings, 

paragraphs, and links. This is important to ensure a basic understanding of HTML elements. 

c) Create a CSS example that organizes the layout of elements with margins and padding. 

It has an NE of 7 and a CVR of 0.75. While this score is valid, the slight variation in scoring may be 

due to variation in understanding of the concept of box models in CSS. The question is still 

recognized as valid in testing the learner's ability to layout elements using CSS. 

d) Create an example of a JavaScript function that is called when the button is clicked. 

It has an NE of 8 and a CVR of 1. The experts agreed that this item is highly valid in measuring the 

learner's ability to use functions and events in JavaScript. This full agreement confirms the relevance 

of the question in the context of developing interactivity on web pages. 

e) Write a JavaScript code example for form validation, checking if the input is empty. 

It has an NE of 8 and a CVR of 1, indicating full agreement that it is highly valid in testing the 

learner's ability to perform client-side form validation using JavaScript. This is important to ensure 

learners understand the basics of user interaction and input validation. 

f) Write a JavaScript code example that uses try-catch to catch and handle errors. 

It has an NE of 7 and a CVR of 0.750. While this score is valid, there is a small variation in scoring 

which may be due to the complexity of understanding the error handling mechanism in JavaScript. 

However, it is still recognized as valid in testing basic understanding of error handling in web 

development. 
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The overall conclusion that the questions had an NE of 8 and a CVR of 1 indicates that the experts 

agreed that the questions were highly valid in measuring students' critical thinking skills on the topics of 

Python, Java and Web Programming Languages as listed in Table 5. The experts also agreed that the 

questions were very effective in assessing students' abilities in these areas. On the other hand, the items 

with NE of 7 and CVR of 0.75 were also considered valid, although there was a slight difference of opinion 

among the experts. This suggests that the items are still important, but there may be some experts who 

have different views on how relevant they are. 

10. CONSTRUCT VALIDITY (CV) TESTING 

The next validity test is the construct validity test. This test was conducted by 25 students (outside the 

control and experimental classes) who had the same characteristics and knowledge and materials as the 

research sample. If the analysis results show that the instrument can reflect the construct well, then 

construct validity can be considered fulfilled. Otherwise, revisions to the instrument may be necessary. The 

CV formula is as follows:s 

 

𝑟𝑥𝑦 =
𝑁 ∑ 𝑥𝑦−(∑ 𝑥)(∑ 𝑦)

√(𝑁 ∑ 𝑥2−(∑ 𝑥)2 (𝑁 ∑ 𝑦2−(∑𝑦)2)
   (2) 

 

Where 𝑟𝑥𝑦 is the correlation coefficient between variable x and variable y, ∑ 𝑥𝑦 is the sum of multiplication 

between x and y variables, ∑ 𝑥2 is the sum of squares of x values, ∑ 𝑦2 is the sum of squares of y values, 

(∑ 𝑥)2 is the sum of the x values then squared, (∑ 𝑦)2 is the sum of the y values is then squared. 

In this research, the CV test was carried out by analyzing the relationship between the items in the 

instrument and the construct being measured using factor analysis techniques. The results of the construct 

validity test indicate whether the items correlate with the expected factors and reflect the construct being 

measured properly. This test is important to ensure that the instruments used in the study have sufficient 

validity, so that the results obtained can be trusted and relevant to the research objectives. Good construct 

validity indicates that the instrument is able to provide an accurate description of the critical thinking skills 

of students measured in the context of the PBGL model integrated with A.I ChatGPT. The following data 

on the construct validity test of students' critical thinking skills can be seen in Table 6. 

 

Table 6. Construct validity test of critical thinking ability (student) 

Topic Essay Type r-Count p-Value r-Table Description 

Python 

Why is initialization important when declaration 

of variables? 
.470 0.018 0.396 Valid 

Create a boolean data type function with an "if" 

condition example. 
.577 0.003 0.396 Valid 

Create a program that performs arithmetic 

operations on integers. 
.688 0.000 0.396 Valid 

Create a simple script using assignment 

operators (=, +=, -=, *=, /=) 
.707 0.000 0.396 Valid 

Create script logic using the "if-elif-else" 

function. 
.565 0.003 0.396 Valid 

Create scripts using polymorphism for methods 

from different classes. 
.682 0.000 0.396 Valid 

Java 

Explain how to declare and initialize variables in 

Java with examples. 
.424 0.018 0.396 Valid 

Create a program that declares int, float, String, 

and boolean. 
.830 0.003 0.396 Valid 
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Create a script that uses arithmetic operators, 

including the modulus operator (%). 
.477 0.000 0.396 Valid 

Create a program that determines whether a 

number is positive, negative, or zero using "if-

else" in Java. 

.765 0.000 0.396 Valid 

Create a script that uses polymorphism to call 

methods from different classes. 
.844 0.003 0.396 Valid 

Create an example of using "private" to protect 

data in a Java class. 
.804 0.000 0.396 Valid 

Web 

Programming 

Languages 

 

What are the functions of the <head> and <body> 

elements in an HTML document? 
.424 0.018 0.396 Valid 

Write HTML examples that use <h1>, <p>, and 

<a> tags. 
.830 0.003 0.396 Valid 

Create a CSS example that organizes the layout 

of elements with "margins" and "padding". 
.477 0.000 0.396 Valid 

Create an example of a JavaScript function that is 

called when the button is clicked. 
.765 0.000 0.396 Valid 

Write a JavaScript code example for form 

validation, checking if the input is empty. 
.844 0.003 0.396 Valid 

Write a JavaScript code example that uses "try-

catch" to catch and handle errors 
.804 0.000 0.396 Valid 

 

In Table 6, the data is a test of the construct validity of critical thinking skills, to measure the extent to 

which the items are able to measure students' critical thinking skills in topics covering Python, Java, and 

Web Programming Languages. This test uses correlation analysis with r-Count, p-Value, and r-Table 

parameters to determine the validity of each item. The r-Count value indicates the strength of the 

relationship between the item and the construct being measured, while the p-Value determines the 

statistical significance of the results. The r-Table value is used as a reference to assess whether the 

correlation results are strong enough to be considered valid, where an r-Count value greater than the r-

Table indicates the validity of the item. 

The following is a detailed description of each item based on the results of the construct validity test, 

which includes an analysis of the r-Count, p-Value, and r-Table values, as well as conclusions about the 

validity of each item in the context of teaching and testing students' critical thinking skills. 

The following is a detailed description of each item based on the Python topic: 

a) Why is initialization important when declaring variables?  

Having an r-Count value of .470 and a p-Value of 0.018 indicates a moderate positive correlation 

between this item and the critical thinking construct. This value is greater than the r-Table value of 

.396, indicating that this item is valid in measuring students' understanding of the importance of 

variable initialization in Python programming. 

b) Create a boolean data type function with an "if" condition example. 

It has an r-Count of .577 and a p-Value of .003, indicating a strong positive correlation between this 

item and the learner's critical thinking skills. This correlation is statistically significant and above the 

r-Table of .396, so this item is considered valid for testing learner understanding of using boolean 

data types and condition logic. 

c) Create a program that performs arithmetic operations on integers. 

With an r-Count of .688 and a p-Value of 0.000, this item shows a very strong positive correlation with 

the critical thinking construct, which is statistically significant. This value is clearly above the r-Table 

https://doi.org/10.58429/qaj.v4n3a919


QUBAHAN ACADEMIC JOURNAL 

VOL. 4, NO. 3, September 2024 

https://doi.org/10.58429/qaj.v4n3a919 

 

 
505 

VOLUME 4, No 3, 2024  

of .396, confirming that this item is valid in measuring the learner's ability to perform arithmetic 

operations on integers. 

d) Create a simple script using assignment operators (=, +=, -=, *=, /=). 

The r-Count of .707 and p-Value of 0.000 indicate a very strong and statistically significant positive 

correlation between this item and the critical thinking construct. This value is above the r-Table of 

.396, so this item is considered valid in testing students' understanding of the use of assignment 

operators in Python programming. 

e) Create script logic using the if-elif-else function. 

With an r-Count of .565 and a p-Value of .003, this item shows a strong and statistically significant 

positive correlation, which is above the r-Table of .396. This indicates that this item is valid in 

measuring the learner's ability to apply branching logic using if-elif-else. 

f) Create scripts using polymorphism for methods from different classes. 

The r-Count value of .682 and p-Value of 0.000 indicate a very strong and statistically significant 

positive correlation with the critical thinking construct. This value is above the r-Table of .396, 

indicating that the question is valid in measuring students' understanding of the concept of 

polymorphism in Python programming. 

The following is a detailed description of each item based on Java topics: 

a) Explain how to declare and initialize variables in Java with examples. 

The r-Count of .424 and p-Value of .018 indicate a moderate positive correlation between this item and 

the critical thinking construct, which is above the r-Table of .396. This indicates that this item is valid 

in measuring students' understanding of variable declaration and initialization in Java. 

b) Create a program that declares int, float, String, and boolean. 

With an r-Count of .830 and a p-Value of .003, this item shows a very strong positive correlation with 

the critical thinking construct and is statistically significant. This value is clearly above the r-Table of 

.396, confirming the validity of this item in measuring students' ability to declare variables with 

different data types. 

c) Create a script that uses arithmetic operators, including the modulus operator (%). 

The r-Count of .477 and p-Value of 0.000 indicate a strong and statistically significant positive 

correlation with the critical thinking construct. This value is above the r-Table of .396, indicating that 

the question is valid in measuring students' understanding of the use of arithmetic operators in Java, 

including the modulus operator. 

d) Create a program that determines whether a number is positive, negative, or zero using if-else in 

Java. 

With an r-Count of .765 and a p-Value of 0.000, this item shows a very strong and statistically 

significant positive correlation, which is clearly above the r-Table of .396. This indicates that this item 

is valid in measuring the learner's ability to use conditional logic in Java. 

e) Create a script that uses polymorphism to call methods from different classes. 

The r-Count of .844 and p-Value of .003 indicate a very strong and statistically significant positive 

correlation with the critical thinking construct. This value is above the r-Table of .396, indicating that 

the question is valid in testing students' understanding of polymorphism in Java. 

f) Create an example of using private to protect data in a Java class. 

The r-Count value of .804 and p-Value of 0.000 indicate a very strong and statistically significant 

positive correlation with the critical thinking construct. This value is above the r-Table of .396, 
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indicating that the question is valid in testing the learner's understanding of using the private access 

modifier to protect data in Java. 

The following is a detailed description of each item based on the Web Programming Language topic: 

a) What are the functions of the <head> and <body> elements in an HTML document? 

The r-Count of .424 and p-Value of .018 indicate a moderate positive correlation between this item and 

the critical thinking construct. This value is above the r-Table of .396, indicating that this item is valid 

in measuring the learner's understanding of the function of basic elements in the HTML structure. 

b) Write HTML examples that use <h1>, <p>, and <a> tags. 

With an r-Count of .830 and a p-Value of .003, this item shows a very strong and statistically 

significant positive correlation, which is above the r-Table of .396. This indicates that this item is valid 

in measuring the learner's ability to use common HTML tags. 

c) Create a CSS example that organizes the layout of elements with margins and padding. 

The r-Count of .477 and p-Value of 0.000 indicate a strong and statistically significant positive 

correlation with the critical thinking construct. This value is above the r-Table of .396, indicating that 

this item is valid in measuring the learner's understanding of element layout organization using CSS. 

d) Create an example of a JavaScript function that is called when the button is clicked. 

With an r-Count of .765 and a p-Value of 0.000, this item shows a very strong and statistically 

significant positive correlation with the critical thinking construct. This value is above the r-Table of 

.396, indicating that this item is valid in testing the learner's ability to use functions and events in 

JavaScript. 

e) Write a JavaScript code example for form validation, checking if the input is empty. 

The r-Count of .844 and p-Value of .003 indicate a very strong and statistically significant positive 

correlation with the critical thinking construct. This value is above the r-Table of .396, indicating that 

this question is valid in measuring the learner's ability to validate forms using JavaScript. 

f) Write a JavaScript code example that uses try-catch to catch and handle errors. 

The r-Count value of .804 and p-Value of 0.000 indicate a very strong and statistically significant 

positive correlation with the critical thinking construct. This value is above the r-Table of .396, 

indicating that the question is valid in measuring the learner's understanding of error handling in 

JavaScript. 

The overall conclusion is that questions that have high r-count values, such as r-counts of .830, .844, and 

.804, as well as statistically significant p-values (p < 0.05), indicate that these questions are highly valid in 

measuring students' critical thinking skills on topics such as Python, Java, and Web Programming 

Languages, as listed in Table 6. These questions have very strong correlations with the measured 

constructs, so they are very effective in assessing students' abilities in these areas. 

On the other hand, items with lower r-Count values, such as .424 and .470, although still above the r-

Table of .396, were also considered valid but with lower correlations than items with higher r-Count values. 

This suggests that the items are still important and relevant, but there is variation in how strongly these 

items measure the construct of interest. This indicates that while most students may have a good 

understanding of the topic, there are some areas that may need further emphasis in teaching to ensure all 

learners can achieve a strong understanding. 

Overall, the results of this construct validity test provide a strong basis to support the use of these 

questions in the evaluation of students' critical thinking skills in Python, Java, and Web Programming 

Languages. These questions proved to be effective in measuring students' competencies and can be used as 

reliable evaluation tools in educational contexts. 
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11. TEST-RETEST RELIABILITY TESTING 

After conducting the validity test, the instrument reliability test was also carried out. instrument 

reliability test in this study using test-retest reliability testing technique. Test-retest reliability is a reliability 

testing technique by re-testing using the same instrument at different times. stability. To obtain the 

reliability coefficient through the test-retest approach, it can be done by calculating the linear correlation 

coefficient between the score on the first measurement (X) and the score on the second measurement (Y). 

The test-retest reliability coefficient formula is as follows: 

 

𝑟𝑖 =
𝑁 ∑ 𝑋𝑌−∑ 𝑋 ∑ 𝑌

√{𝑁 ∑ 𝑋2−(∑ 𝑋)2}{𝑁 ∑ 𝑌2−(∑ 𝑌)2}
   (3) 

 

Formula Description: 

Where 𝑟𝑖 is the Test-retest reliability coefficient, 𝑁 is the number of data pairs, ∑ 𝑋𝑌 is the sum of products 

X and Y, ∑ 𝑋 is the um of X values, ∑ 𝑌 is the sum of Y values, ∑ 𝑋2 is the sum of squares of X values, ∑ 𝑌2 is 

the sum of squares of Y values. 

Test-retest reliability of critical thinking ability aims to evaluate whether the instrument produces stable 

and consistent scores from one testing time to the next testing time, in the context of evaluating critical 

thinking ability instruments, test-retest reliability shows how consistent the instrument measures an 

individual's critical thinking ability over time. If students' scores on the initial and retest tests are very 

similar, it indicates that the instrument has high test-retest reliability in measuring critical thinking. 

Calculating test-retest reliability, where students are given critical thinking essays at two different 

times, the test and retest are given 2 weeks apart (13 meetings over 3 months). Their scores on the two tests 

were then correlated using the Pearson correlation coefficient statistic, with a high correlation coefficient 

(0.7 or higher) indicating good test-retest reliability. The results of the critical thinking skills retest can be 

seen in Table 7. 

 

Table 7. Test-retest reliability of students' critical thinking 

 Test Retest 

Test 

Pearson Correlation 1 .960** 

Sig. (2-tailed)  .000 

N 25 25 

Retest 

Pearson Correlation .960** 1 

Sig. (2-tailed) .000  

N 25 25 
**. Correlation is significant at the 0.01 level (2-tailed). 

 

Based on the results in Table 7, students in this study were asked to complete the same critical thinking 

test on two different occasions, with a two-week gap between the two tests. The test was designed to 

measure students' critical thinking skills consistently. The results of these two tests were then compared 

using Pearson's correlation coefficient, a statistical technique used to measure how strong the relationship 

is between two sets of data. In this analysis, the Pearson correlation coefficient obtained was .960. This 

number is very close to 1, indicating that there is a very strong and positive relationship between the first 

test result and the second test result. That is, students who score high on the first test tend to also score 

high on the second test, and vice versa. This correlation is also statistically significant, which means that 

these results are not coincidental, but show a real and reliable pattern. 

In addition, the statistical significance of this correlation was tested with a very low p-value of 0.000, 

indicating that the chance of getting a correlation of this magnitude by chance is very small, less than 0.1% 
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(or less than 1 in 1). In other words, this result is very reassuring in showing that the test has high 

reliability. Test reliability is important because it shows that the measuring tool used can give consistent 

results even if it is administered at different times. In a practical context, this means that the critical 

thinking test used in this study is a tool that can be trusted to measure students' critical thinking skills 

consistently over time. This gives confidence that the test really measures what it is supposed to measure, 

and that the results obtained can be used to make accurate conclusions about the critical thinking skills of 

the students in the PBGL model. 

12. ASSUMPTION TEST (HOMOGENEITY) 

Before conducting hypothesis testing using the T test, the data needs to first pass assumption testing as 

a pre-requisite test, which involves testing homogeneity and normality, which are one of the important 

requirements in the T test. These two tests are very important to ensure that the statistical analysis carried 

out can provide accurate and reliable results. Once these assumptions are met, then hypothesis testing with 

the T-test can be done to test for differences between the groups under study. 

Homogeneity testing is carried out to ensure that the variances of the two groups of respondents being 

compared are the same, so that the T test results can be interpreted validly. In this case, the data variance 

must fulfill the assumption of having the same variance. The statistical test that can be used to test the 

equality of variance in this study is the Bartlett Levene test. This test is said to be homogeneous if the 

significance value of the test results is greater than the significance level (0.05). The following are the 

results of the critical thinking ability homogeneity test can be seen in Table 8.  

 

Table 8. Results of pre-test and post-test homogeneity test of critical thinking skills 

Topic Control Class & Experiment Levene Statistic df1 df2 Sig. 

Python 
Pre-test Based on Mean .072 1 518 .776 

Post-test Based on Mean .002 1 518 .967 

Java 
Pre-test Based on Mean .025 1 518 .979 

Post-test Based on Mean .002 1 518 .967 

Web Programming 

Languages 

Pre-test Based on Mean .514 1 518 .474 

Post-test Based on Mean .002 1 518 .967 

 

Based on the data in Table 8, a homogeneity test was conducted to ensure that the variance between the 

control and experimental groups on the critical thinking skills pre-test and post-test was the same. This test 

is important because homogeneity of variance is one of the assumptions that must be met in statistical 

analysis to compare two groups. If the variance between the control and experimental groups is not 

homogeneous, the results of further analysis may be less valid. The homogeneity test was conducted using 

Levene's statistics, which is designed to test the similarity of variance between groups.  

The results of this homogeneity test show that for the Python topic, the Levene Statistic value on the 

pre-test is .072 with a significance value (Sig.) of .776, while on the post-test the Levene Statistic value is 

.002 with a Sig. value of .967. A Sig. value greater than 0.05 indicates that the variance between the control 

and experimental groups on the pre-test and post-test is homogeneous, which means there is no significant 

difference in variance between the two groups. 

On the topic of Java, the Levene Statistic value for the pre-test was .025 with a Sig. value of .979, while in 

the post-test the Levene Statistic value was .002 with a Sig. value of .967. This high Sig. value indicates that 

the variance between the control and experimental groups was very similar, both before and after the 

treatment was given, thus confirming that the two groups were homogeneous. 

For the topic of Web Programming Languages, the homogeneity test results show that the Levene 

Statistic value in the pre-test is .514 with a Sig. value of .474, while in the post-test the Levene Statistic value 
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is .002 with a Sig. value of .967. These results also showed homogeneity of variance between the control 

and experimental groups, both at the pre-test and post-test stages. 

Overall, the results of this homogeneity test showed that on all topics tested, both on the pre-test and 

post-test, the variance between the control and experimental groups was homogeneous. Sig. values that 

were always greater than 0.05 indicated that there were no significant differences in variance between the 

groups. Thus, the assumption of homogeneity of variance is met, and the results of further analysis can be 

considered valid and reliable in measuring students' critical thinking skills. This result ensures that 

comparisons between the control and experimental groups can be made without bias stemming from 

differences in variance. 

13. ASSUMPTION TEST (NORMALITY) 

The results of the normality test in this study were used as a prerequisite before conducting the t-test. 

Before the data is processed by the t-test, the data must be normally distributed. In this study, the 

normality test was carried out using the IBM SPSS Statistic 22 program with the Kolmogorov-Smirnov and 

Shapiro Wilk methods. Data is said to be normally distributed if the significant level is > 0.05, while if the 

significant level is < 0.05 then the data is not normally distributed. The results of the data normality test 

analysis of the pre-test and post-test results of critical thinking skills of both groups can be seen in Table 9. 

 

Table 9. Normality test results of pre-test and post-test of critical thinking skills (control and experimental 

classes) 

Topic Class (Group) 
Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic Df Sig. 

Python 

Pre-test 
Control .031 300 .200* .994 300 .306 

Experiment .028 220 .200* .996 220 .853 

Post-test 
Control .030 300 .200* .997 300 .813 

Experiment .054 220 .200* .991 220 .188 

Java 

Pre-test 
Control .039 300 .200* .994 300 .309 

Experiment .033 220 .200* .996 220 .860 

Post-test 
Control .030 300 .200* .997 300 .813 

Experiment .054 220 .200* .991 220 .188 

Web 

Programming 

Languages 

Pre-test 
Control .035 300 .200* .994 300 .313 

Experiment .029 220 .200* .996 220 .795 

Post-test 
Control .030 300 .200* .997 300 .813 

Experiment .054 220 .200* .991 220 .188 

 

In Table 9, the results of the normality test of the pre-test and post-test of critical thinking skills in the 

control and experimental classes for the topics of Python, Java, and Web Programming Languages, 

displayed in Table 9, show that the data distribution was tested using two statistical methods: 

Kolmogorov-Smirnov and Shapiro-Wilk. Both tests aim to determine whether the data obtained from the 

pre-test and post-test are normally distributed, which is one of the basic assumptions in many statistical 

analyses. 

For the Python topic, the Kolmogorov-Smirnov test results on the pre-test showed a statistical value of 

.031 with a significance value (Sig.) of .200 for the control class, and a statistical value of .028 with a Sig 

value. .200 for the experimental class. In the post-test, the statistical value for the control class was .030 with 

a Sig. .200, and for the experimental class was .054 with a Sig value of .200. The Sig. value of .200 in the 

Kolmogorov-Smirnov test indicates that there is no significant deviation from the normal distribution. The 
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Shapiro-Wilk test results also support this finding, with the Sig. values all being greater than .05, indicating 

that the data were normally distributed in both the pre-test and post-test. 

The Java topic showed a similar pattern. In the pre-test, the Kolmogorov-Smirnov value for the control 

class was .039 with a Sig value of .200, and for the experimental class was .033 with a Sig. .200. In the post-

test, the statistical value for the control class was .030 with a Sig value. .200, while for the experimental 

class is .054 with a Sig value of .200. .200. The results of the Shapiro-Wilk test on the pre-test showed a Sig 

value. .309 for the control class and .860 for the experimental class, which also indicates a normal 

distribution. In the post-test, the Shapiro-Wilk results showed a Sig value of. .813 for the control class and 

.188 for the experimental class, which is consistent with the Kolmogorov-Smirnov results in indicating that 

the data is normally distributed. 

For the topic of Web Programming Languages, the Kolmogorov-Smirnov test results on the pre-test 

showed a statistical value of .035 with a Sig value. .200 for the control class, and .029 with a Sig. .200 for the 

experimental class. In the post-test, the Kolmogorov-Smirnov value was .030 with a Sig value. .200 for the 

control class, and .054 with a value of Sig. .200 for the experimental class. The Shapiro-Wilk results were 

also consistent, with Sig. values in the pre-test of .313 for the control class and .795 for the experimental 

class, and in the post-test of .813 for the control class and .188 for the experimental class. 

Overall, the results of this normality test showed that the data from the pre-test and post-test for all 

topics and classes tested were normally distributed, as indicated by Sig. values greater than 0.05 in both the 

Kolmogorov-Smirnov and Shapiro-Wilk tests. This means that the data meets the assumption of normality, 

which is important for the validity of any further statistical analysis that may be conducted to evaluate the 

differences between the control and experimental classes in this study. 

14. HYPOTHESIS TEST RESULTS 

Hypothesis testing is a method in statistics used to test the truth of a statement or assumption about 

population parameters. In other words, hypothesis testing is a procedure that allows decisions to accept or 

reject statements about the value of a population parameter. The hypothesis test in this study uses an 

independent sample t-test to determine whether the PBGL model can improve critical thinking skills. The 

basis for the independent sample t-test decision is if the sig value <0.05 then there is a significant difference 

between the experimental class and the control class, otherwise if the sig value> 0.05 then there is no 

difference between the experimental class and the control class. The following will be an independent 

sample t-test test, as shown in Table 10. 

 

Table 10. Results of independent samples t-test on pre-test and post-test data of critical thinking skills 

(control and experimental classes) 

Topic Class (Group) N Mean 
Independent sample Test 

Sig. (2-tailed) 

Phyton 

Pre-test 
Control 300 49.49 .784 

Experiment 220 50.19 .785 

Post-test 
Control 300 51.79 .000 

Experiment 220 61.15 .000 

Java 

Pre-test 
Control 300 50.15 .768 

Experiment 220 50.40 .766 

Post-test 
Control 300 51.79 .000 

Experiment 220 61.15 .000 

Web Programming 

Languages 

Pre-test 
Control 300 50.38 .918 

Experiment 220 50.47 .918 

Post-test Control 300 51.79 .000 
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Experiment 220 61.15 .000 

 

Table 10 shows the results of the independent samples t-test conducted on the pre-test and post-test 

data of critical thinking skills for the control and experimental classes on the topics of Python, Java, and 

Web Programming Languages. This t-test is used to determine whether there is a statistically significant 

difference between the mean (Mean) of the pre-test and post-test results of the two groups. 

For the Python topic, the pre-test results showed that the mean score for the control class was 49.49 and 

for the experimental class was 50.19. The t-test results showed a significance value (Sig.) of .784 for the 

control class and .785 for the experimental class, which is well above the 0.05 significance limit. This 

indicates that there was no significant difference between the control and experimental groups at the pre-

test stage, so the two groups were considered comparable before the treatment was given. However, in the 

post-test, there was a significant difference between the two groups, with a mean score of 51.79 for the 

control class and 61.15 for the experimental class. The significance value of 0.000 shows a highly significant 

difference between the two groups after the treatment was given, which indicates that the experimental 

treatment had a real impact on improving critical thinking skills on Python topics. 

For the Java topic, the pre-test results showed a mean score of 50.15 for the control class and 50.40 for 

the experimental class, with significance values of .768 and .766 respectively. Just like in the Python topic, 

this value shows no significant difference between the control and experimental groups at the pre-test 

stage. However, in the post-test, there was a significant difference between the control and experimental 

groups, with a mean score of 51.79 for the control class and 61.15 for the experimental class, and a 

significance value of 0.000. This indicates that the experimental treatment on the Java topic also had a 

significant impact on improving critical thinking skills. 

For the Web Programming Languages topic, the pre-test results showed a mean score of 50.38 for the 

control class and 50.47 for the experimental class, with a significance value of .918 for both groups. This 

indicates that there was no significant difference between the control and experimental groups at the pre-

test stage. However, in the post-test, there was a significant difference with a mean score of 51.79 for the 

control class and 61.15 for the experimental class, and a significance value of .000. These results indicate 

that the experimental treatment also had a significant impact on critical thinking skills on the topic of Web 

Programming Languages. 

Overall, the results of the independent samples t-test showed that there were no significant differences 

between the control and experimental groups at the pre-test stage in all topics tested, indicating that the 

two groups were comparable before treatment. However, significant differences were found in the post-

test across all topics, indicating that the treatment provided in the experiment was effective in improving 

students' critical thinking skills on the topics of Python, Java, and Web Programming Languages. The 

visualization of the pre-test and post-test data results before and after treatment from the mean results can 

be seen in Figure 7. 
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FIGURE 7. PBGL material testing room view 

Based on the visualization of Figure 7, it can be concluded that there is a significant difference between 

the experimental group and the control group. With regard to the hypothesis test in this study, namely: 

1. H0 : The use of PBGL learning model cannot improve critical thinking skills. 

2. H1 : The use of PBGL learning model can improve critical thinking skills 

So that the initial hypothesis (H0) is rejected. Thus, the use of PBGL learning model with A.I-based 

gamification approach integrated with ChatGPT API can significantly improve critical thinking skills 

compared to conventional learning methods. The following are the results of the pre-test and post-test 

critical thinking skills gain score test in Table 11. 

 

Table 11. Results of pre-test and post-test gain score test of critical thinking skills 

Gain Score Class (Group) N Mean 

Gain_score 

Phyton 

Control 300 8.20 

Experiment 220 20.75 

Gain_score 

Java 

Control 300 7.86 

Experiment 220 25.58 

Gain_score 

Web Programming Languages 

Control 300 8.58 

Experiment 220 23.74 

 

Table 11 shows the results of the gain score test calculated from the difference between the pre-test and 

post-test scores of critical thinking skills in the control and experimental classes for the topics of Python, 

Java, and Web Programming Languages. This gain score is used to evaluate how much critical thinking 

skills improved after treatment in the experimental group compared to the control group. 

On the topic of Python, the average gain score for the control class was 8.20, while for the experimental 

class it was 20.75. This significant difference between the two groups indicates that students in the 

experimental group experienced a much greater improvement in critical thinking skills after receiving the 

treatment compared to the control group. For the Java topic, the average gain score for the control class 

was 7.86, while that for the experimental class was 25.58. This also shows a significant difference in the 

improvement of critical thinking skills, where the experimental group showed a much greater 

improvement than the control group after the treatment was given. Finally, on the topic of Web 

Programming Languages, the average gain score for the control class was 8.58, while for the experimental 
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class was 23.74. These results are consistent with the previous findings, which showed that the 

experimental group experienced a greater improvement in critical thinking skills than the control group. 

Overall, the results of this gain score test show that the treatment provided in the experimental group 

significantly improved students' critical thinking skills on all topics tested compared to the control group. 

The large difference in gain score between the two groups confirms the effectiveness of the treatment in 

improving critical thinking skills in various programming areas. Therefore, it can be concluded that the use 

of the PBGL model in the experimental group has a positive influence on the increase in scores when 

compared to the control group. The experimental group had a greater/higher score increase than the 

control group, and this difference was statistically significant. These results indicate that the learning 

model used in the experimental group, namely PBGL with an A.I. approach integrated with the ChatGPT 

API can improve critical thinking skills. 

15. GAMIFICATION WEBSITE (INTEGRATED A.I CHATGPT API) 

Utilizing the ChatGPT API function can provide accurate responses for various types of knowledge-

based assessment features, such as multiple-choice questions, SAQ (short answer questions), SEQ 

(structured essay questions), true/false, and fill in the blank. However, its capabilities are limited to text-

based questions only [86]. Similar features to the service developed as a test of critical thinking skills, 

where programmingedu.ai is an intelligent website integrated with the ChatGPT API to test experimental 

classes in solving basic programming material questions such as Python, Java and Web Programming 

Language based on gamification or PBGL. Students will receive basic programming problems presented in 

the form of problems that vary in model, where each problem is designed to challenge the problem-solving 

skills of each experimental class student. The system utilizes the ChatGPT API to provide automatic 

feedback and adaptive learning support, ensuring each student gets the insight needed to understand the 

basic concepts of programming language upon successfully answering the correct answer. Through a 

gamification approach, students are encouraged to continue learning and completing tasks in a more 

engaging and interactive way. Each answer submitted by students will be evaluated automatically, and 

they will get a score based on the difficulty of the question and the accuracy of the answer. This score can 

then be used to unlock new challenges or levels, adding an element of competition and motivation to the 

learning process. In addition, student performance statistics will be recorded for further analysis, allowing 

for a comprehensive evaluation of the effectiveness of the PBGL method. The website aims to increase 

student engagement and learning effectiveness through the integration of advanced technology and 

innovative pedagogical approaches. The appearance of programmingedu.ai website can be seen in Figure 

8. 

 

 
 

FIGURE 8. PBGL material testing room view 

https://doi.org/10.58429/qaj.v4n3a919


QUBAHAN ACADEMIC JOURNAL 

VOL. 4, NO. 3, September 2024 

https://doi.org/10.58429/qaj.v4n3a919 

 

 
514 

VOLUME 4, No 3, 2024  

 

In Figure 8, the display and main menu available in the programmingedu.ai trial service are described, 

which includes experimental student data information when logging in and starting to answer questions. 

The "Score" information menu displays the results obtained by students regarding success or failure in 

answering questions, while "Time Range" shows the average time taken by students to complete the given 

question. "Level of Sub-topic" indicates the type of question topic that students are working on, and 

"Course Level" indicates the level of the question being worked on. The "Test Question" menu presents the 

form of questions read and answered in the system with various types (essay or multiple choice), and 

displays statistics or percentages of students' ability to answer questions in real-time. Navigation buttons 

include the "Next" button to proceed to the next question, the "Insight" button to see the new 

understanding generated by the ChatGPT API in real-time if the student's answer is correct (the "Insight" 

button will be disabled if the answer is wrong), and the "Test Code" button that allows students to test the 

code to ensure the correctness of the answers given. In this research, the frame function on "Test Code" 

uses the CodeMirror library to debug Python, Java and Web scripts directly. 

V. DISCUSSION 

The implementation of research on the implementation of PBGL integrated with A.I through the 

ChatGPT API showed a significant increase in students' critical thinking skills. [87] in various 

programming topics, including Python, Java, and Web Programming Languages. This study used a non-

equivalent control group design with pre-test and post-test evaluation to compare the experimental group 

using PBGL and A.I integration with the control group using conventional learning methods. 

The evaluation results of A.I-based PBGL integrated with ChatGPT API showed a significant increase in 

critical thinking skills in the experimental group in all topics tested. [88]. For the Python topic, there was an 

average increase of 20.75 points compared to 8.20 points in the control group, showing an average 

difference of 12.55 points. Meanwhile, on the Java topic, the experimental group experienced an average 

increase of 25.58 points, much higher than the 7.86 points in the control group, showing an average 

difference of 17.72 points. On the topic of Web Programming Languages, the experimental group also 

showed a significant improvement with an average gain score of 23.74 points compared to 8.58 points in 

the control group, showing an average difference of 15.16 points. 

Rigorous research methodology, including CVR, CV, test-retest reliability, homogeneity, normality and 

T-test testing ensured the robustness of the findings. CVR values were more than 0.75 for all essay 

questions (Python, Java, Web Programming Language), indicating that the questions were relevant to the 

research objectives. Construct validity was also confirmed through CV testing, which showed that the 

instrument was able to measure the desired students' critical thinking skills with significant correlations. In 

addition, the reliability of the instrument was tested using the Test-retest Reliability method, and the 

results showed excellent consistency with a Pearson correlation coefficient of .960. Based on the 

homogeneity test for the two groups of data, it was found that the data were homogeneous with a p-value> 

0.05 and the normality test results found that the data were normally distributed with a p-value> 0.05. 

Meanwhile, hypothesis testing using the t-test found that the data in the pre-test showed that both the 

control and experimental groups had the same initial ability in critical thinking, with a significance value of 

.480> 0.05, which indicated that there was no significant difference between the two. However, after the 

intervention, the post-test showed a significance value of 0.000 < 0.05, indicating a significant difference in 

the improvement of students' critical thinking skills. The gain score test revealed that the experimental 

group experienced a much greater increase in scores than the control group, where on the Python 

programming language learning had an average difference of 20.75 points compared to 8.20 points in the 

control group, indicating an average difference of 12.55 points. Meanwhile, on the topic of Java, the 

experimental group experienced an average increase of 25.58 points, much higher than the 7.86 points in 

https://doi.org/10.58429/qaj.v4n3a919


QUBAHAN ACADEMIC JOURNAL 

VOL. 4, NO. 3, September 2024 

https://doi.org/10.58429/qaj.v4n3a919 

 

 
515 

VOLUME 4, No 3, 2024  

the control group, showing an average difference of 17.72 points. On the topic of Web Programming 

Languages, the experimental group also showed a significant improvement with an average gain score of 

23.74 points compared to 8.58 points in the control group, showing an average difference of 15.16 points. 

Thus, the integration of A.I. through ChatGPT provides automated and relevant feedback and 

additional insights that enrich the learning experience and support deeper understanding across all three 

programming topics. [89, 90]. This research confirms the potential of A.I-enhanced gamification in 

education to improve critical thinking skills not only in one programming topic but also in other topics 

such as Java and Web Programming Languages. These results offer an adaptive and engaging model of 

future curriculum design. [91], which can be widely applied to improve critical thinking skills in 

programming education and other fields. [92]. 

VI. CONCLUSION 
The results of this study show that the PBGL model integrated with artificial intelligence through 

ChatGPT API significantly improves learners' critical thinking skills in learning basic programming such as 

Python, Java, and Web Programming Language. The group of learners who followed the experimental 

method showed a significantly higher increase in critical thinking scores compared to the control group, 

which did not use the PBGL approach. These results prove that the A.I-enhanced gamified learning 

approach is effective in improving learner engagement and critical thinking skills. The findings of the 

statistical evaluation include content validity confirmed through CVR values >= 0.75 for all essay questions, 

while construct validity is evidenced by significant correlations between the instrument items and the 

critical thinking construct. Instrument reliability was also assured with a Pearson correlation coefficient of 

.960 on the test-retest reliability test. Data normality and homogeneity tests showed that the data were 

normally distributed and homogeneous, so the t-test could be used to test the hypothesis. The t-test results 

showed that there was no significant difference between the experimental and control groups in the initial 

critical thinking ability (pre-test). However, after the treatment, there was a significant difference in the 

final critical thinking ability (post-test), where the experimental group experienced a significant increase 

compared to the control group. This is reinforced by the results of the gain score test which shows a much 

greater difference in score improvement in the experimental group for all learning topics (Python, Java, 

and Web Programming Language). Thus, it can be concluded that the learning method applied to the 

experimental group is effective in improving significant critical thinking skills. Thus, the initial hypothesis 

(H0) stating that the PBGL model does not improve critical thinking skills is rejected or not proven, and the 

alternative hypothesis (H1) is accepted, confirming the effectiveness of using this A.I-based PBGL model. 

These findings highlight the great potential in integrating A.I into gamification-based educational 

models to provide personalized feedback according to individual needs. Future research needs to explore 

the long-term impact of using A.I. and address technical challenges that may arise, so that the integration 

of A.I. in various educational contexts can be optimized. 

The limitation of this research is to evaluate the effectiveness of students' critical thinking skills by using 

an artificial intelligence (A.I.) based approach integrated with the ChatGPT API. This research is focused 

on the basic courses of Python, Java, and Web Programming Language. With the help of an adaptive 

ChatGPT database, this research seeks to provide insight and understanding of additional material 

automatically to students. The results of the research are expected to reveal the extent to which the use of 

ChatGPT contributes to improving students' critical thinking skills in these courses and provide more 

personalized insights. 
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VII. IMPLICATION 

The practical implication of this research is that teachers and policy makers in the field of education 

need to consider applying the PBGL learning model to improve students' critical thinking skills. By 

utilizing gamification elements, such as challenges (levels), competitions, and rewards, points, will make 

the learning process more interesting and interactive. Teachers need to consider the integration of PBGL in 

curriculum design and teaching methods. The use of A.I-based gamification with integrated ChatGPT API 

in learning not only increases student motivation and engagement but also enables better development of 

critical thinking skills, as well as providing a more personalized and adaptive experience for students. In 

addition, the importance of student learning interest needs to be considered in curriculum design and 

learning strategies. This factor will certainly contribute to the effectiveness of learning and the 

development of critical thinking skills. 
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