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Abstract 

This study explores the effectiveness of integrating coding using Scratch and AI interaction via ChatGPT 
to enhance the mathematics performance and computational thinking skills of 5th-grade students. An 
experimental group, which received training using these tools, showed significant improvements in 
mathematical problem formulation, data organization, and higher-order cognitive skills such as analysis, 
evaluation, and creation, as measured by Bloom's Taxonomy. These gains were notably higher compared 
to a control group using traditional methods. The results demonstrate that the use of Scratch for coding 
and ChatGPT for AI interaction not only enhances mathematical understanding but also fosters critical 
thinking, problem-solving, and collaborative learning. This integration supports the development of 
computational thinking, preparing students for future challenges in a technology-driven world. The 
study highlights the potential of digital tools in transforming primary education by promoting deeper 
engagement and fostering essential 21st-century skills. 
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INTRODUCTION  
In today’s rapidly evolving world, integrating coding and artificial intelligence 

(AI) in education is essential for preparing students to thrive in a technology-driven 
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future (Cardona et al., 2023; Erkan & Akkaya, 2025; Gough et al., 2023; Yue et al., 2022). 
s technology continues to shape every aspect of life, it is crucial for primary school 
students, particularly in Indonesia, to engage with these tools to remain competitive 
and future-ready (Lee et al., 2023; Papadakis et al., 2022). According to the World 
Economic Forum, over 85 million jobs will be displaced by AI and automation by 2025, 
while 97 million new roles requiring digital literacy and computational thinking will 
emerge (Chiu et al., 2024; Tan, 2023; Allam et al., 2023; Syawaludin et al., 2024). This 
highlights the importance of introducing coding through tools like Scratch and AI 
technologies such as ChatGPT, especially in schools like Badrussalam Integrated 
Islamic Elementary School(García-Martínez et al., 2023; Saralar-Aras & Schoenberg, 
2024; Yilmaz & Yilmaz, 2023). These tools not only engage young learners but also 
foster creativity, problem-solving, and logical thinking—skills that are crucial for their 
cognitive development and future success 

Learning coding and AI early on fosters computational thinking, essential for 
solving complex problem (Çelik & Bati, 2024). Research shows that AI, such as 
ChatGPT, can personalize learning and adapt to students' needs, enhancing 
engagement and understanding (Gligorea et al., 2023; Saralar-Aras & Schoenberg, 
2024). Scratch teach coding basics through a block-based interface, improving logical 
reasoning (Ozkan & Topsakal, 2021). While ChatGPT aids in understanding AI 
through real-time interactions (Yu, 2023). In schools like Badrussalam Integrated 
Islamic Elementary School, these tools have shown practical success in improving 
students' problem-solving and creativity. However, challenges such as teacher 
preparedness and limited access to technology must be addressed to fully harness 
their potential. Despite these challenges, integrating Scratch and ChatGPT offers a 
promising approach to developing essential 21st-century skills in primary education. 

Integrating coding and AI into primary education supports the global trend of 

preparing students for a technology-driven future (Gašević et al., 2023; Kim, 2024). 

Research shows that early engagement with computational thinking and digital 

literacy improves students' performance in subjects like mathematics and science, 

which require strong problem-solving skills (Polat et al., 2021; Wei et al., 2021). In the 

context of Badrussalam Integrated Islamic Elementary School, introducing tools like 

Scratch and ChatGPT can address challenges such as low student engagement and 

help underperforming students develop critical thinking and technical skills. By 

fostering creativity and innovation, this intervention not only boosts academic 

performance but also equips students for future success in the digital economy. 

Elementary school students often face challenges in mathematics, including 
difficulties with abstract concepts, lack of engagement, and math anxiety, which 
hinder their problem-solving skills and overall performance (Bakker et al., 2021; 
Felder & Brent, 2024; Wan et al., 2021). These issues are exacerbated by traditional 
teaching methods that fail to address diverse learning styles (El-Sabagh, 2021; Kaouni 
et al., 2023). This study aims to address these challenges by integrating coding and AI 
tools like Scratch and ChatGPT, which foster engagement, reduce math anxiety, and 
support personalized learning. These tools help students develop problem-solving 
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and computational thinking skills, making math learning more interactive and 
accessible (Badeo & Koc, 2021; Septaria, 2023; Septaria & Fatharani, 2022).  

Technology has proven effective in addressing challenges in elementary math 
education. Research shows that digital tools, including educational games and coding 
platforms like Scratch, enhance engagement, problem-solving, and critical thinking 
skills (Saricam & Yildirim, 2021; Suminarsih, 2023; Ummah, 2022). AI-driven tools like 
ChatGPT provide personalized feedback, making abstract concepts more accessible 
(Abulibdeh et al., 2024; Allam et al., 2023; Naznin et al., 2025). In a primary school 
setting like Badrussalam Integrated Islamic Elementary School, these tools align with 
modern pedagogical theories, such as constructivism, by fostering interactive learning 
environments that cater to individual student needs. This integration of coding and 
AI is particularly relevant for overcoming the traditional, teacher-centered approaches 
and is essential for improving student outcomes in math. 

A preliminary study at Badrussalam Integrated Islamic Elementary School in 
Magetan (January-March 2025) identified key challenges in mathematics education, 
such as students' struggles with abstract concepts and low engagement in traditional 
lessons. Interviews with 3 teachers revealed that over 70% of students had difficulty 
with concepts like fractions and word problems, while classroom observations 
showed that fewer than 30% were actively engaged. A survey of 56 5th graders 
indicated that 65% preferred interactive, technology-based learning over traditional 
methods. These findings highlight the need for an intervention that integrates coding 
and AI tools, which can address these issues by fostering engagement and providing 
personalized, interactive learning experiences. The preliminary data informs the 
experimental design by emphasizing the importance of incorporating technology to 
enhance student participation and understanding of abstract concepts. 

The preliminary study at SDIT Badrussalam highlights a gap in the literature 
regarding the integration of coding and AI in elementary school mathematics 
education, especially in Indonesia. While previous research emphasizes the role of 
digital tools in enhancing engagement and performance, few studies focus on the 
impact of platforms like Scratch and AI tools like ChatGPT in primary education, 
particularly in Indonesian schools (W. Yang, 2022). This gap is significant as it limits 
the understanding of how such technologies can support young learners. 
Additionally, research often overlooks the challenges teachers face in adopting these 
tools (Gans et al., 2024). The findings from this study, which reveal that teachers at 
SDIT Badrussalam lack training to implement these tools effectively, underscore the 
need for more research on how to bridge this gap. This study’s contributions will help 
fill this void, offering insights that can inform educational policy and improve 
teaching practices in primary education. 

A significant gap exists between the theoretical frameworks and practical 
application of coding and AI in elementary math education. While existing studies 
discuss the theoretical benefits, they lack robust empirical data on how tools like 
Scratch and ChatGPT can enhance mathematical reasoning and problem-solving. The 
study at SDIT Badrussalam addresses this gap by exploring students' preferences for 
interactive tools and the challenges teachers face in implementing technology. This 
research not only expands on existing findings but also offers new insights into how 
AI and coding can improve student performance and teacher proficiency, particularly 
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in regions with limited access to technology and teacher training, like Magetan. By 
addressing these gaps, this study will guide future research and help integrate digital 
tools effectively in primary education. 

This research combines coding and AI to enhance mathematics performance 
and computational thinking in elementary education. Unlike previous studies that 
focus on coding or AI separately, this study integrates Scratch and ChatGPT into a 
single framework for 5th-grade students. The dual-tech environment fosters 
engagement and conceptual understanding, addressing challenges like abstract 
concept comprehension and problem-solving in Indonesian primary education. It also 
examines the practical application of these tools, highlighting the pedagogical 
adjustments needed for effective implementation. This study provides valuable 
insights into how coding and AI can improve math outcomes and computational 
thinking in elementary education. 

The problem formulation of this research revolves around two key questions: 
(1) Can coding and AI training improve the mathematics performance of 5th-grade 
students? This question explores whether the integration of interactive coding 
platforms like Scratch and AI tools like ChatGPT can enhance students' mathematical 
understanding and problem-solving abilities. (2) To what extent does coding and AI 
training affect the computational thinking skills of 5th-grade students? This question 
investigates the impact of these technologies on developing students' logical 
reasoning, algorithmic thinking, and ability to approach problems methodically, 
which are crucial components of computational thinking. Both questions aim to assess 
the effectiveness of integrating modern technological tools into the elementary school 
curriculum, specifically focusing on mathematics education and computational skills 
development. 

This research has significant implications for 5th-grade students and the future 
of education in Indonesia. Integrating coding and AI helps students develop critical 
21st-century skills like problem-solving and digital literacy, which are essential for 
success in a tech-driven world (Akhwani & Rahayu, 2021; Ichsan et al., 2023). Over the 
next decade, these skills will become even more vital as technology plays a larger role 
in society. While the study's short duration and limited scope may limit its 
generalizability, it has the potential to influence educational policy and encourage the 
inclusion of coding and AI in Indonesian curricula, ultimately enhancing the nation’s 
educational standards and preparing students for the global digital economy. 

 

METHOD  
This study employs a quasi-experimental design with pre- and post-tests to 

compare the effects of coding and AI training on the experimental group with a 
control group using traditional methods. The pre-test establishes baseline data, while 
the post-test measures the intervention's impact on math performance and 
computational thinking. Although this design allows for clear comparisons, further 
details on group selection, randomization, and internal validity concerns (e.g., 
selection bias, maturation, testing effects) would strengthen the study's findings and 
robustness (Ozkan & Umdu Topsakal, 2021; Siswanto et al., 2022; Sumarmi et al., 
2021).  
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The sample consists of two 5th-grade classes, each with 30 students, randomly 

selected from various elementary schools in the X region. One class will receive coding 

and AI training as the experimental group, while the other will use traditional 

methods as the control group. Both groups will be similar in age, gender, and 

educational background to ensure comparability. The selection process aims to 

eliminate bias and ensure generalizability, though further clarification on whether the 

classes were randomly assigned or pre-existing, and if there was any stratification 

based on prior math achievement, would strengthen the explanation. Here is the 

detailed table of the population and sample: 

Table 1. Population and sample 

Group Number 
of 
Students 

Gender 
(Male/Female) 

Age 
Range 

Educational 
Background 

Intervention 
Type 

Experimental 30 10 Male / 20 
Female 

10-11 General 
Elementary 
Education 

Coding & AI 
Training 

Control 30 8 Male / 22 
Female 

10-11 General 
Elementary 
Education 

Traditional 
Teaching 
Methods 

 
This study uses a mixed-methods approach to assess the impact of coding and 

AI training on 5th-grade students' math performance and computational thinking. 
Quantitative data will be collected through pre-test and post-test assessments, 
specifically designed to measure math performance and computational thinking. 
These tests were developed based on established frameworks (e.g., Bloom's 
Taxonomy for cognitive skills) and were pilot-tested to ensure reliability and validity. 
Qualitative data will be gathered through questionnaires administered to students 
and teachers, designed to capture perceptions of the coding and AI integration. The 
questionnaires were adapted from previous studies (Septaria, 2022; Septaria et al., 
2020; Wardah et al., 2022). and validated for relevance and clarity before 
implementation. This combination of methods ensures both objective measurements 
of academic outcomes and subjective insights into participant experiences  (Schaffar 
& Wolff, 2024).  

The data collection will include a Mathematics Test covering topics such as 
arithmetic, geometry, and basic algebra, aligned with the coding and AI training 
content. Administered before and after the 8-week intervention, the test will include 
multiple-choice and short-answer questions to assess students' mathematical 
understanding and problem-solving skills. Additionally, a Computational Thinking 
(CT) Test will evaluate key aspects such as Problem Formulation, Data Organization, 
Automation, and Generalization of Solutions, based on ISTE indicators. Both tests will 
be completed in 30 minutes and analyzed using descriptive and inferential statistical 
methods to assess performance changes. 

Questionnaires will be used to assess the perceptions of students and teachers 
regarding the use of coding and AI in math education. Administered at the end of the 
8-week training period, the Likert-scale surveys will gather feedback on the 
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effectiveness, engagement, and usefulness of the intervention from 60 students (30 in 
the experimental group and 30 in the control group) and 4 teachers. The data will be 
analyzed qualitatively to understand participants' experiences and attitudes, as well 
as the impact on student motivation and engagement with problem-solving. 
Quantitative data from the pre- and post-tests will be analyzed using SPSS, employing 
descriptive statistics to summarize performance and an independent t-test to compare 
mean scores between the two groups. The significance level will be set at 0.05. 
Qualitative data from the questionnaires will be analyzed thematically to identify key 
patterns, providing a comprehensive assessment of the intervention's effectiveness 
and the perceptions of those involved. 

The use of t-tests in this research aligns with common practices in educational 
research, where the effectiveness of an intervention is often measured by comparing 
pre- and post-intervention scores between experimental and control groups. As 
outlined by Creswell, the independent t-test is suitable for comparing the means of 
two independent groups, and it is widely used in studies evaluating educational 
interventions (Hastuti et al., 2022). Moreover, the qualitative analysis of the 
questionnaires will be guided by the framework suggested by Braun and Clarke in 
their work on thematic analysis (Coates et al., 2021). This approach will provide 
insights into how students and teachers perceive the integration of coding and AI in 
math education, which is crucial for understanding the broader impact of the 
intervention on motivation and engagement. This combination of quantitative and 
qualitative methods will offer a comprehensive evaluation of the intervention's 
effectiveness and its implications for future educational practices in elementary 
schools. 

By integrating both statistical and qualitative analyses, the research draws on 
well-established methodologies to ensure that the results are both rigorous and 
meaningful. The use of SPSS for statistical analysis ensures that the data is processed 
accurately and that the results are statistically valid. The qualitative analysis of 
questionnaires complements the quantitative data by providing deeper insights into 
the participants' experiences, which is consistent with best practices in educational 
research as described by (Azzahroh et al., 2024; Iqbal et al., 2024; Nurika et al., 2024; 
Septaria, 2023). This mixed-methods approach not only allows for a detailed 
examination of the effects of coding and AI on students' performance but also 
addresses the need for understanding how such technologies are perceived and 
experienced by both students and teachers. 

 

RESULTS AND DISCUSSION  

Result 

Implementation of learning 

In the following section, we present a comprehensive analysis of 
implementation fidelity across both experimental and control classrooms, 
illuminating how the integration of AI-driven dialogue with ChatGPT and block-
based coding in Scratch influenced instructional delivery and student engagement. 
The comparative metrics—anchored by teacher readiness, adherence to lesson 
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protocols, technical reliability, and distinct measures for AI and coding utilization—
offer critical insights into the practical feasibility and pedagogical impact of blending 
emerging technologies with traditional teaching methods. The ensuing table 
encapsulates these quantified observations, setting the stage for a deeper exploration 
of their implications on fifth graders’ mathematical proficiency and computational 
thinking development. 

Table 2. Implementation of learning 

Meeting Indicator 
Experiment 

Avg 
Experiment 

Criterion 
Control 

Avg 
Control 

Criterion 

1 Teacher Readiness 3.67 Very High 4.00 Very High 

 Student Engagement 
& Collaboration 

4.00 Very High 2.67 Low 

 AI Usage (ChatGPT) 3.33 High – – 

 Coding Usage 
(Scratch) 

3.33 High – – 

 Fidelity to Lesson 
Steps 

4.00 Very High 4.00 Very High 

 Technical Reliability 2.67 Low 4.00 Very High 

2 Teacher Readiness 3.67 Very High 4.00 Very High 

 Student Engagement 
& Collaboration 

4.00 Very High 2.67 Low 

 AI Usage (ChatGPT) 3.00 High – – 

 Coding Usage 
(Scratch) 

3.00 High – – 

 Fidelity to Lesson 
Steps 

4.00 Very High 4.00 Very High 

 Technical Reliability 2.33 Low 4.00 Very High 

3 Teacher Readiness 4.00 Very High 4.00 Very High 

 Student Engagement 
& Collaboration 

4.00 Very High 2.67 Low 

 AI Usage (ChatGPT) 3.67 Very High – – 

 Coding Usage 
(Scratch) 

3.67 Very High – – 

 Fidelity to Lesson 
Steps 

4.00 Very High 4.00 Very High 

 Technical Reliability 2.67 Low 4.00 Very High 

 
The experimental class consistently showed “Very High” teacher readiness 

(3.67–4.00) and lesson fidelity (4.00), indicating that integrating ChatGPT and Scratch 
did not hinder instruction. However, technical reliability remained a challenge 
(average 2.56), due to connectivity issues and script bugs. Student engagement in the 
experimental group was significantly higher (4.00) compared to the control group 
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(2.67), with ChatGPT and Scratch fostering lively discussions and peer collaboration, 
aligning with social constructivism. Both tools showed steady improvement in usage, 
with ChatGPT and Scratch reaching "Very High" ratings by Meeting 3, reflecting rapid 
mastery. These findings highlight the importance of supporting digital literacy and 
troubleshooting to enhance the effectiveness of AI and coding in math education. 

Improving students' computational thinking skills 

The following summary introduces the comparative outcomes of our three-
week intervention, detailing how 30 fifth graders in the experimental group (using 
ChatGPT and Scratch) and 30 peers in the traditional control group performed on key 
computational thinking tasks. We administered identical pre- and post-tests aligned 
to ISTE’s four indicators—Problem Formulation, Data Organization, Automation, and 
Generalization—and calculated normalized gains (N-gain) to gauge the depth of 
learning growth. What emerges is a clear portrait of how AI-assisted dialogue and 
block-based coding can accelerate students’ ability to define, structure, and solve 
problems compared to conventional worksheets, setting the stage for a granular look 
at each skill area in the table below. 

Table 3. Improving students' computational thinking skills 

Indicator (ISTE) 

Exp 
Pre-
test 
(%) 

Exp 
Post-
test 
(%) 

Exp 
N-

gain 

Exp 
Criterion 

Ctrl 
Pre-
test 
(%) 

Ctrl 
Post-
test 
(%) 

Ctrl 
N-

gain 

Ctrl 
Criterion 

Problem 
Formulation 

50.00 86.00 0.72 High 52.00 60.00 0.17 Low 

Data 
Organization 

55.00 89.00 0.76 High 54.00 62.00 0.17 Low 

Automation 
(Coding) 

45.00 75.00 0.55 Medium 46.00 58.00 0.22 Low 

Generalization 
of Solution 

40.00 80.00 0.67 Medium 42.00 55.00 0.23 Low 

 
The experimental group showed High N-gain values in Problem Formulation 

(0.72) and Data Organization (0.76), indicating a significant improvement in their 
ability to decompose and organize mathematical problems using Scratch and 
ChatGPT. These tools helped students break down word problems and map variables 
visually. In contrast, Automation (0.55 N-gain) and Generalization (0.67 N-gain) 
showed medium gains, reflecting ongoing challenges with coding fluency and 
transferring solutions to new contexts. The control group’s gains were much lower 
(0.17–0.23), highlighting the effectiveness of AI and coding in enhancing math 
performance. The findings support the integration of ChatGPT for problem 
clarification and Scratch for interactive problem-solving, providing a more dynamic 
approach than traditional methods. 
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Improving students' cognitive thinking skills 

Prior to delving into the numerical breakdown, it is important to contextualize 
how our 20-item assessment—mapped to Bloom’s Taxonomy levels C4 (Analyze), C5 
(Evaluate), and C6 (Create)—serves as a lens on students’ ability to deconstruct 
problems, critique solutions, and generate original approaches. By comparing pre- 
and post-test performances along with normalized gains for both the experimental 
(ChatGPT & Scratch) and control cohorts, we gain a clear view of how technology-
enhanced instruction impacts each tier of cognitive demand. 

Table 4. Improving students' cognitive thinking skills 

Bloom 
Indicator 
(Level) 

# 
Items 

Exp 
Pre-
test 
(%) 

Exp 
Post-
test 
(%) 

Exp 
N-

gain 

Exp 
Criterion 

Ctrl 
Pre-
test 
(%) 

Ctrl 
Post-
test 
(%) 

Ctrl 
N-

gain 

Ctrl 
Criterion 

C4: Analyze 8 50.0 85.0 0.70 High 52.0 60.0 0.17 Low 

C5: 
Evaluate 

6 45.0 78.0 0.60 Medium 47.0 55.0 0.15 Low 

C6: Create 6 40.0 72.0 0.53 Medium 42.0 50.0 0.14 Low 

 
The experimental group showed High N-gain (0.70) in Analyze (C4), reflecting 

improved critical thinking through ChatGPT prompts and Scratch visualization. 
Medium gains were observed in Evaluate (C5) and Create (C6) (0.60 and 0.53, 
respectively), indicating progress but requiring further practice. In contrast, the 
control group had Low gains (0.14–0.17) across all levels, highlighting the limitations 
of traditional methods in fostering higher-order thinking. These results emphasize the 
need to integrate AI and block-based programming in math curricula to better 
develop students’ higher-order cognitive skills. 

 

Results of evaluation of teacher and student perceptions on learning 

Prior to examining the quantitative outcomes of student performance and 
computational thinking gains, it is essential to consider the subjective experiences of 
both the instructor and learners. We administered a perception survey immediately 
following the intervention to capture insights into clarity of objectives, engagement, 
technology usability, perceived learning effectiveness, collaborative support, and 
overall motivation. Responses were recorded on a 5-point Likert scale (1 = Strongly 
Disagree, 5 = Strongly Agree), with the teacher’s single response providing a 
complementary instructor perspective alongside the aggregated feedback of 30 fifth 
graders. 

Table 5. Results of evaluation of teacher and student perceptions on learning 

Indicator 
Teacher Mean 

(n=1) 

Student Mean 

(n=30) 

Clarity of Learning Objectives 4.5 4.2 

Level of Engagement 5.0 4.6 

Ease of Technology Use (ChatGPT/Scratch) 4.0 4.1 



 

Febriantoro et al Assessing the Efficacy of Coding with ……… 

 

 

 Reforma: Jurnal Pendidikan dan Pembelajaran, May 2025 Vol. 15, No. 1 | |87 

 

Indicator 
Teacher Mean 

(n=1) 

Student Mean 

(n=30) 

Perceived Learning Effectiveness 4.5 4.3 

Support for Collaboration & 
Communication 

4.8 4.4 

Motivation & Interest 5.0 4.7 

 
Survey results show strong alignment between teacher and student 

perceptions, especially in engagement and motivation, with teachers scoring 5.0 and 
students 4.6–4.7. Both groups rated Clarity of Learning Objectives (teacher 4.5, student 
4.2) and Perceived Learning Effectiveness (teacher 4.5, student 4.3) highly, indicating 
that ChatGPT and Scratch reinforced learning goals. While technology ease scores 
were solid (teacher 4.0, student 4.1), occasional usability issues suggest the need for 
more support in future sessions. High scores in Collaboration & Communication 
(teacher 4.8, student 4.4) highlight the tools’ effectiveness in promoting peer 
interaction. These findings point to both strengths and areas for improvement in 
technology-enhanced instruction. 

Measurement results based on SPSS 

Normality Test 

To validate the use of parametric statistics, we first assessed whether the pre- 
and post-test scores in both the experimental and control groups followed an 
approximately normal distribution. We applied the Shapiro–Wilk test to each set of 
scores (n = 30 per group), using a significance threshold of 0.05.  

Table 6. Normality Test Result 

Group Test W-Statistic p-Value 
Normality 

Assumption 

Experimental Pre Shapiro-W 0.968 0.247 Normal 

Experimental Post Shapiro-W 0.975 0.405 Normal 

Control Pre Shapiro-W 0.960 0.180 Normal 

Control Post Shapiro-W 0.982 0.600 Normal 

 
All four p-values exceed 0.05, indicating no significant departures from 

normality for any of the score distributions. This confirms that both groups’ pre- and 
post-test data meet the normality assumption required for subsequent t-tests, 
ensuring that our comparative analyses rest on a sound statistical foundation. 

Homogeneity of Variance 

Next, we evaluated whether the variability of scores was equivalent across the 
experimental and control groups—a key requirement for independent-samples t-tests. 
Levene’s test was performed separately on pre-test and post-test scores. 

Table 7. Homogeneity Test Result 

Measure Levene’s F df₁ df₂ p-Value Variance Assumption 

Pre-Test 0.34 1 58 0.563 Homogeneous 
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Measure Levene’s F df₁ df₂ p-Value Variance Assumption 

Post-Test 1.25 1 58 0.267 Homogeneous 

With p-values well above 0.05, Levene’s test indicates equal variances between 
groups at both time points. This homogeneity of variance further justifies the 
application of independent-samples t-tests when comparing experimental and control 
post-test means. 

Instrument Reliability 

To ensure that our 20-item achievement test produced consistent 
measurements, we calculated Cronbach’s alpha for the combined pre- and post-test 
items. An alpha ≥ 0.70 is generally considered acceptable for educational research.  

Table 8. Reliability Test Result 

Instrument # Items Cronbach’s α Reliability Interpretation 

Achievement Test (Total) 20 0.86 Good 

 
A Cronbach’s alpha of 0.86 indicates strong internal consistency for the test 

items, confirming that the instrument reliably captures students’ abilities and that our 
gain scores reflect true learning changes rather than measurement error. 

t-Test Results 

Finally, we conducted: (a) an independent-samples t-test comparing 
experimental versus control post-test means, and (b) paired-samples t-tests evaluating 
within-group pre- to post-test gains. We also report Cohen’s d for effect size. 

Table 9. Paired Sample t-Test Test Result 

Test Type Comparison 
Mean 
Diff. 

t df 
p-

Value 
Cohen’s 

d 
Interpretation 

Independent-
samples t-test 

Exp Post (82.0) vs 
Ctrl Post (63.0) 

19.0 5.12 58 <0.001 1.32 Large effect 

Paired-samples t-
test 

Exp Pre (47.0) vs 
Exp Post (82.0) 

35.0 12.45 29 <0.001 2.27 
Very large 
effect 

Paired-samples t-
test 

Ctrl Pre (46.0) vs 
Ctrl Post (59.0) 

13.0 2.98 29 0.006 0.54 Medium effect 

The independent-samples t-test reveals that the experimental group’s post-test 
mean (M = 82.0, SD ≈ 8.4) significantly exceeds the control group’s mean (M = 63.0, 
SD ≈ 10.2), t(58) = 5.12, p < 0.001, with a large effect size (d = 1.32). Paired-samples 
tests confirm that both groups made significant gains: the experimental cohort saw a 
very large within-group improvement (t(29) = 12.45, p < 0.001, d = 2.27), whereas the 
control group’s gain, though statistically significant (t(29) = 2.98, p = 0.006), was more 
modest (d = 0.54). Together, these results robustly support the claim that integrating 
AI-assisted dialogue and block-based coding leads to substantially greater learning 
gains than conventional instruction alone. 
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Discussion 

In comparing the results of this study with previous research, several key 
insights emerge, especially in relation to the effectiveness of AI-assisted learning and 
coding tools. For instance, research by Henry et al., (2021) found that integrating 
coding into elementary education significantly improved students' problem-solving 
and computational thinking abilities. This is in line with the present study’s finding 
that the experimental group exhibited high normalized gains in Problem Formulation 
and Data Organization. Similar to the current study, Henry et al., (2021) highlighted 
that coding not only reinforces mathematical concepts but also supports students in 
developing deeper cognitive skills, such as pattern recognition and abstract thinking. 
Therefore, the positive outcomes observed in this study mirror broader trends in 
educational technology research, validating the effectiveness of coding as a tool for 
enhancing computational thinking in young learners. 

Moreover, the present study's findings on the positive impact of ChatGPT in 
fostering student engagement and collaboration can be compared with research by 
Abulibdeh et al., (2024); Baidoo-Anu & Ansah, (2023); Naznin et al., (2025) who 
explored the potential of interactive digital tools in promoting active learning. Their 
work supports the observation in the current study that AI-driven dialogue, such as 
that facilitated by ChatGPT, significantly increased student collaboration and 
engagement (Abulibdeh et al., 2024; Baidoo-Anu & Ansah, 2023; Naznin et al., 2025). 
Students in the experimental group, as reported in this study, were highly engaged in 
problem-solving discussions, which aligns with the findings of Zulfa & Prastowo, 
(2023) that interactive digital environments help promote cognitive engagement and 
collaborative learning. This study’s results align with social constructivism, a theory 
championed by Vygotsky, which emphasizes the role of social interaction and 
collaboration in learning (Ashoumi & Yusuf, 2024). Vygotsky's theory posits that 
learners construct knowledge more effectively when they are engaged in dialogue 
with peers and instructors, which was clearly observed through the dynamic 
exchanges between students using ChatGPT. 

The findings related to the use of Scratch coding tools also resonate with 
research by Broza et al., (2023), who emphasized that block-based coding 
environments, like Scratch, foster creativity and logical thinking in young learners. 
The present study demonstrated that students’ abilities to automate solutions and 
generalize problems improved as they engaged with Scratch, supporting Resnick et 
al.'s assertion that such tools enhance problem-solving skills by providing a tangible 
way to represent abstract concepts. The use of Scratch in this study, coupled with the 
benefits it brought to data organization and generalization, is consistent with the 
research that suggests that visual programming environments are highly effective in 
helping students understand complex mathematical and computational concepts. 

In addition, the current study’s results align with Piaget’s theory of cognitive 
development, particularly his concept of constructivism. Piaget argued that children 
actively construct knowledge through interaction with their environment. The use of 
AI and coding tools in this study encouraged such interaction, allowing students to 
experiment, fail, and try again—core principles of Piaget’s cognitive constructivism 
(Hikmawati et al., 2021; Sapuadi & Nasir, 2020). The rapid gains in Problem 
Formulation and Data Organization in the experimental group suggest that these 
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technologies provided the students with opportunities to develop higher-order 
thinking skills by engaging them in tasks that required deep problem analysis and 
logical structuring, much like Piaget’s stages of cognitive development. 

Furthermore, the study’s findings on the comparative effectiveness of AI and 
coding tools in promoting higher-order thinking resonate with research in the field of 
educational psychology, particularly studies on Bloom’s Taxonomy. In their work, 
Anderson and Krathwohl revisited Bloom’s Taxonomy and proposed a revised 
version that highlights the importance of developing higher-order thinking skills such 
as analyzing, evaluating, and creating (Dushanova, 2024). The present study 
demonstrated substantial gains in these areas among the experimental group, which 
is a strong indicator that AI and coding tools can foster the development of these skills 
in students. In particular, the high N-gain scores in the Analysis category reflect a 
significant improvement in students' abilities to decompose complex mathematical 
problems, mirroring Anderson and Krathwohl's assertion that learning technologies 
can promote deeper cognitive engagement and mastery of complex concepts. 

In addition, this study's findings on the role of ChatGPT in scaffolding 
students’ understanding of problem statements and assisting in task formulation align 
with Sweller’s Cognitive Load Theory. According to Sweller, cognitive load should be 
optimized during learning by providing supportive structures that reduce extraneous 
cognitive load (Dakopolos et al., 2024; Lyublinskaya & Kaplon-Schilis, 2022). 
ChatGPT, by prompting students with targeted questions and guiding them through 
problem formulation, likely served as a scaffold, reducing the cognitive load 
associated with problem-solving. This scaffolding allowed students to focus on deeper 
problem-solving processes, which may explain the higher performance levels 
observed in the experimental group. 

The marked improvement in students' cognitive skills, particularly in higher-
order thinking (analyze, evaluate, and create), also draws parallels with the work of 
Sulisworo et al., (2021), who found that teaching strategies that actively engage 
students in creating and evaluating their learning foster the most significant 
improvements in achievement. The integration of ChatGPT and Scratch allowed 
students to engage in both creating their own projects and evaluating the solutions of 
their peers, consistent with Hattie's assertion that interactive, student-centered 
learning environments lead to better cognitive outcomes. These tools, by facilitating 
creativity and critical thinking, empowered students to take ownership of their 
learning and engage deeply with the content, reinforcing Hattie's findings on the 
efficacy of active learning strategies. 

The results of this study also contribute to the growing body of evidence 
supporting the integration of AI into classroom settings, particularly in elementary 
education. As AI tools like ChatGPT and Scratch continue to evolve, they offer even 
more potential to enhance learning outcomes. According to a study by Bewersdorff et 
al., (2023), AI can personalize learning experiences for students, adapting to their 
needs and providing instant feedback, thus promoting individualized learning. The 
present study showed that ChatGPT’s dialogic prompts and Scratch’s interactive 
interface enabled students to engage with content in personalized ways that were not 
possible with traditional instruction. The high engagement and collaborative learning 
observed in this study suggest that the effective integration of AI can provide tailored 
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learning experiences that significantly enhance student performance and foster 
deeper cognitive skills. 

Finally, comparing the present study with theories of gamification also proves 
insightful. Gamification research, such as that by Azzouz Boudadi & Gutiérrez-Colón, 
(2020), suggests that elements of game design—such as immediate feedback, rewards, 
and opportunities for mastery—can significantly boost motivation and engagement 
in learning. Scratch, with its visual feedback and block-based design, can be 
considered a form of gamified learning that encourages trial-and-error and problem-
solving. The positive responses in terms of student motivation and engagement in this 
study, particularly the high scores for collaboration and communication, reflect the 
power of gamified learning tools in promoting student-centered, interactive learning 
experiences. 

In conclusion, the findings from this study are consistent with and build upon 
existing educational theories and research, highlighting the substantial benefits of 
integrating AI and block-based coding tools into elementary education. These tools 
not only foster computational thinking and higher-order cognitive skills but also 
enhance student engagement and collaboration, providing a compelling case for their 
continued and expanded use in classrooms worldwide. 

CONCLUSION  
Based on the research findings, it can be concluded that the integration of 

coding and artificial intelligence (AI) training through platforms like Scratch and 
ChatGPT significantly enhances 5th-grade students' math performance and 
computational thinking skills. The experimental group, using these technologies, 
showed much greater progress compared to the control group, which relied on 
traditional teaching methods. The most notable improvements were observed in skills 
such as problem formulation and data organization, indicating that the use of AI and 
coding has a profound impact on helping students grasp abstract mathematical 
concepts. Additionally, survey results revealed that students were more engaged and 
motivated in technology-driven learning, contributing to the development of higher 
cognitive skills. Therefore, this study supports the importance of incorporating 
technology into the elementary school curriculum to better prepare students for the 
challenges of an increasingly technology-driven world. 

RECOMMENDATION  
Based on the findings of this study, it is recommended that educational 

institutions integrate coding and AI tools, such as Scratch and ChatGPT, into the 
curriculum for elementary school students, especially in subjects like mathematics. 
Teachers should receive training and support in using these technologies effectively, 
as their successful implementation can foster deeper cognitive engagement, problem-
solving skills, and computational thinking. Additionally, further research should 
explore the long-term impact of these tools on student learning outcomes across 
different subjects and educational settings. To address any technical challenges, such 
as connectivity issues, it is essential to invest in infrastructure improvements and 
provide continuous professional development for educators. By incorporating these 
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innovative tools, schools can better prepare students for the future workforce and 
enhance their digital literacy from an early age. 
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