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Abstract: This study aims to analyze the effectiveness of pair programming in coding lessons on 

enhancing elementary school students’ creative thinking skills. The research employed a quasi-

experimental method with a nonequivalent control group design involving 44 elementary school 

students participating in a coding learning program. The subjects were divided into two groups: 

an experimental group learning through pair programming and a control group learning using the 

conventional direct instruction method. The research instrument used the Torrance Tests of 

Creative Thinking (TTCT) Figural A to measure three indicators of creative thinking: fluency, 

originality, and elaboration. Data analysis was conducted using paired sample t-tests and the 

Wilcoxon signed-rank test. The results showed a significant improvement in creative thinking 

skills in the experimental group compared to the control group, particularly in the fluency and 

originality indicators. However, the improvement in the elaboration indicator was not significant. 

These findings indicate that pair programming is an effective learning strategy to stimulate 

creative thinking in coding lessons at the elementary school level, especially in terms of idea 

fluency and originality. 
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INTRODUCTION  

The development of digital technology in the 21st century demands a transformation in 

the education system, including the mastery of 21st-century skills such as creative 

thinking, collaboration, critical thinking, problem solving, and technological literacy 

(Hilton & Pellegrino, 2012; Trilling & Fadel, 2009). One of the skills that has received 

increasing attention is computational literacy, which includes programming (coding) as 

a means of fostering logical, systematic, and creative thinking in solving problems (Wing, 

2011). In line with this global trend, various countries such as the United States, the 

United Kingdom, Australia, and South Korea have integrated coding instruction into their 

primary education curricula as part of their readiness for the digital era (Wu et al., 2020). 

This demonstrates that coding is no longer a technical skill limited to future programmers 

but has become a fundamental competency essential from the primary school level. 

In Indonesia, the urgency of digital literacy and technological competence has been 

addressed through the implementation of the Merdeka Curriculum, which explicitly 

includes Informatics as a subject starting from the elementary level (Awaluddin & Hadi, 

2025; Mardiana & Emmiyati, 2024). This marks a shift in the educational paradigm, 

which previously focused on basic literacy, reading, writing, and arithmetic and has now 

expanded to encompass technological and information literacy (Aprilia, 2025; Nuraini et 

al., 2022). However, several studies show that the implementation of informatics learning 

in primary schools is still not optimal due to limited infrastructure, insufficient teacher 

preparedness, and students’ low experience in programming (Naufal, 2021). In addition, 

the 2022 PISA results also indicate that Indonesia continues to face challenges in science, 

mathematics, and technology literacy, which form the foundation for learning coding 

(Herman et al., 2024). These conditions highlight the need for pedagogical approaches 

that not only introduce coding as a technical skill but also cultivate creative and 

collaborative ways of thinking from the primary education level. 

Although coding has been introduced in primary schools, the approaches used in 

classrooms generally remain technical, individual, and product-oriented. Teachers often 

provide code examples for students to imitate through structured exercises (drill-based 

learning), resulting in students merely following procedural steps without understanding 

the creative thinking processes behind programming (Lye & Koh, 2014, 2018). Such an 

approach leads to the perception of coding as a linear problem-solving activity rather than 

a medium for exploring ideas. Consequently, the potential of coding to foster students’ 

creative thinking skills is underutilized, even though creative thinking is one of the key 

elements of the Profil Pelajar Pancasila, particularly within the dimensions of critical and 

creative reasoning (Suhendar et al., 2021). Therefore, a learning approach to coding is 

needed, one that not only focuses on technical skills but also facilitates students in 

generating ideas, exploring strategies, and collaborating in problem-solving. 

Creative thinking is a higher-order cognitive ability that enables individuals to 

generate new, flexible, and meaningful ideas in solving problems (Guilford, 1967; Runco 

& Jaeger, 2012). Torrance (1977) states that creative thinking is not merely the ability to 

find a single correct answer but involves divergent thinking, which is reflected in four 
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key indicators: fluency (the ability to generate many ideas), originality (the uniqueness of 

ideas), elaboration (the development of detailed ideas), and flexibility (the ability to think 

from multiple perspectives). In the context of primary education, creative thinking is 

closely related to the development of problem-solving skills and the formation of learner 

autonomy (Cropley, 2006; Jeffrey & Craft, 2004). Therefore, creative thinking is an 

essential competency that must be developed through learning experiences that provide 

space for idea exploration, open discussion, and engagement in challenging, open-ended 

tasks from the elementary level (Beghetto & Kaufman, 2010; Sawyer & Henriksen, 

2024). One relevant domain for fostering creative thinking is coding education, as 

programming activities require students to design algorithms, modify solutions, and 

devise new strategies for addressing digital problems (Resnick, 2017).  

To optimize coding instruction so that it focuses not only on technical skills but also 

on the development of creative thinking, a collaborative learning approach that allows 

space for idea exchange is needed. One relevant approach is pair programming, a 

collaborative programming strategy in which two students work together at one computer, 

assuming the roles of driver and navigator (Williams & Kessler, 2000).In this model, the 

driver is responsible for writing the program code, while the navigator provides guidance, 

strategies, and alternative solutions throughout the programming process. Previous 

studies have shown that pair programming can enhance conceptual understanding, 

programming accuracy, learning motivation, and students’ confidence (Ayub et al., 2019; 

Hanks, 2008; Hannay et al., 2009). Furthermore, the two-way interaction in pair 

programming encourages students to develop creative thinking skills through discussion, 

idea sharing, and joint evaluation of solutions (Salleh et al., 2014). Thus, pair 

programming holds significant potential for improving creative thinking skills in coding 

instruction at the primary school level. 

Although numerous studies have demonstrated the effectiveness of pair 

programming in improving learning outcomes and programming concept comprehension 

(Ayub et al., 2019; Hanks, 2008; Hannay et al., 2009), most of these studies were 

conducted at the secondary or higher education levels, particularly within computer 

science education. Research specifically examining the impact of pair programming on 

the creative thinking skills of primary school students remains limited, especially in the 

context of coding instruction at the elementary level. In addition, most previous studies 

have focused more on cognitive aspects, such as the improvement of computational 

thinking skills (Grover & Pea, 2018), while affective aspects and creative thinking as part 

of 21st-century competencies have not been explored in depth (Angraini et al., 2022). In 

Indonesia, research on coding instruction for primary school students is still largely 

centered on the development of learning models and media (Putro & Astuti, 2020), 

leaving a gap in studies that examine collaborative approaches such as pair programming 

and their impact on students’ creative thinking skills. Therefore, this study holds strong 

academic and empirical urgency to be developed. 

Empirical studies have shown that social interaction in learning plays an important 

role in the development of higher-order thinking skills, including creative thinking. 
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Vygotsky & Cole (2018) emphasized that children learn most effectively through social 

interaction within the zone of proximal development (ZPD), where they can develop new 

ideas through collaboration and dialogue. In the context of coding instruction, working in 

pairs through pair programming creates a collaborative environment that enables the 

exchange of ideas, argumentation, and joint reflection (Salleh et al., 2014). This process 

fosters a learning atmosphere that supports the emergence of original ideas and flexible 

thinking, two central characteristics of creativity (Runco, 2008). In addition, several 

empirical studies indicate that pair programming not only enhances cognitive 

performance but also nurtures affective aspects such as motivation, confidence, and 

learning engagement (Hanks, 2008; Hannay et al., 2009). These aspects play an essential 

role in encouraging students to experiment and take intellectual risks, two key 

characteristics of creative thinking (Cropley, 2006). Therefore, the pair programming 

approach has strong theoretical and empirical foundations for implementation in coding 

instruction at the primary school level, particularly for developing creative thinking skills 

through collaborative and exploratory learning activities. 

Based on the discussion above, it can be concluded that there is a need for a coding 

learning approach that not only emphasizes procedural and technical aspects but also 

focuses on developing creative thinking skills from the primary school level. Pair 

programming is considered a relevant instructional strategy because it involves social 

interaction, collaboration, and the exchange of ideas that can foster the emergence of 

creative thinking in problem solving. Therefore, this study was conducted to analyze the 

effectiveness of implementing pair programming in coding instruction on the creative 

thinking skills of primary school students. This research is expected to provide empirical 

contributions to the development of creative and collaborative coding learning practices 

in elementary schools, as well as enrich the scientific literature in the fields of 21st-

century education and digital literacy in Indonesia. 

METHODS  

a. Reseach Design 

This study employed a quasi-experimental design with the Nonequivalent 

Control Group Design type, as the sample was not selected through full randomization. 

However, this design still allows for testing the causal relationship between the 

treatment variable and the dependent variable by comparing two comparable groups 

(Creswell, 2013). This design was chosen because it is suitable for educational 

research involving intact classroom groups and maintains internal validity through the 

administration of a pretest and posttest for both groups. The experimental design in 

this study can be represented in Table 1 as follows: 
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Table 1. Research Experimental Design 

Group Pretest Treatment Posttest 

Experimental 

Group 

O₁ X (Coding with Pair 

Programming) 

O₂ 

Control Group  O₃ – (Conventional Learning) O₄ 

Description: 

O₁ : Pretest of creative thinking skills in the experimental group 

O₂ : Posttest of creative thinking skills in the experimental group 

O₃ : Pretest of creative thinking skills in the control group 

O₄ : Posttest of creative thinking skills in the control group 

X : Treatment in the form of coding instruction using pair programming 

– : Conventional learning (lecture + individual exercises) 

 

A comparison between groups was used to analyze the effectiveness of the 

intervention. This design is relevant for examining moderate causal relationships in 

primary education settings and can minimize threats to validity, such as history and 

instrumentation effects, through strict procedural controls. 

 

b. Research Subjects  

This study involved fifth-grade students at Sekolah Kreatif SD Muhammadiyah 

16 Surabaya during the second semester of the 2024/2025 academic year. The total 

number of research participants was 44 students, divided into two classes: an 

experimental group and a control group. The subjects were selected using purposive 

sampling based on several criteria, namely: 

1. Students have previously participated in basic coding instruction at school. 

2. Students are in the cognitive developmental stage of concrete–formal operations 

according to Piaget’s theory. 

3. Students attend learning activities regularly without attendance issues. 

4. Students and their parents agree to participate in the study through informed consent. 

This school was selected as the research site because it implements a curriculum 

policy that integrates coding instruction with mathematics through a project-based 

learning approach. In addition, the coding teacher also serves as the mathematics 

teacher, resulting in coding materials that are strongly grounded in mathematical 

concepts such as coordinates, geometry, patterns, and basic algorithms. This condition 

is highly relevant to the aims of the study, which focus on developing creative thinking 

skills through coding instruction. The distribution of research subjects is presented in 

Table 2 below: 
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Table 2. Distribution of Research Subjects 

Group Number of 

Students 

Learning Intervention 

Experimental Group 

(Class V-B) 

22 students Coding using Pair Programming 

Control Group (Class 

V-A) 

22 students Conventional coding instruction 

The study was conducted over seven meetings (one academic calendar month) 

during the school’s regular instructional program. Each meeting lasted 2 × 35 minutes. 

The learning environment was supported by the school’s computer laboratory and 

instructional tools using visual programming (Scratch). 

 

c. Research Instruments 

The primary instrument used in this study was a Creative Thinking Ability Test 

adapted from the Torrance Tests of Creative Thinking (TTCT) Figural Form A 

developed by Torrance (1966). This instrument was selected because it effectively 

measures creative thinking skills through nonverbal visual tasks that align with the 

characteristics of elementary school students. The TTCT is widely used in studies on 

creative thinking because it possesses strong construct validity and can be applied 

across various learning contexts (Lui & Chan, 2006). In this study, the TTCT consisted 

of three indicators of creative thinking skills assessed using the standard TTCT scoring 

rubric, namely: 

Table 3. Three Indicators of Creative Thinking Ability Based on the TTCT Rubric 

Indicator Definition Measurement Form 

Fluency Ability to generate many ideas Scores based on the 

number of relevant 

responses 

Originality Ability to generate unique and 

uncommon ideas 

Scores based on the level 

of originality of the 

responses 

Elaboration Ability to elaborate and enrich 

ideas 

Scores based on the 

completeness of idea or 

drawing details 

 

The instrument underwent a contextual adaptation process to align with the 

mathematics-based coding learning materials while retaining the original indicators in 

accordance with TTCT standards. Content validity was established through expert 

judgment conducted by three lecturers in mathematics education and elementary 

education. The reliability of the instrument was tested using Cronbach’s Alpha through 

a limited pilot test, resulting in a reliability coefficient of α = 0.87, which is categorized 

as high (Fraenkel & Wallen, 1990). The form of the instrument used in this study is 

presented in Table 4 below. 
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Table 4. Types of Activities for Measuring Creative Thinking 

Activity Test Type Task Description Example Prompt Creative 

Thinking 

Ability 

Indicators 

 Activity 

1 

Picture 

Construction 

Students are given a 

simple shape (e.g., a 

small semicircle) and 

are asked to develop it 

into a meaningful 

drawing and provide a 

title.  

“Use this shape to 

create a 

meaningful 

drawing and give 

it a creative title.” 

Originality, 

Elaboration 

Activity 

2 

Picture 

Completion 

There are 10 incomplete 

drawings that students 

must complete 

creatively. 

“Complete the 

following drawing 

according to your 

imagination to 

create something 

different.” 

Fluency, 

Originality 

Activity 

3 

Parallel 

Lines 

Students are given 30 

pairs of parallel lines 

and must create various 

drawings from each 

pair. 

“Develop each 

pair of lines into 

as many 

objects/drawings 

as possible.” 

Fluency 

 

d. Data Analysis 

The research data were analyzed to evaluate the effectiveness of pair 

programming in enhancing the creative thinking skills of primary school students. The 

analysis focused on three indicators of creative thinking: fluency, originality, and 

elaboration. First, the normality of the data was tested using the Shapiro-Wilk test to 

determine the appropriate statistical tests. Normally distributed data were analyzed 

using paired-sample t-tests to assess changes in creative thinking skills before and after 

the intervention within each group (Clark et al., 2008; Cresswell, 2014). Non-normally 

distributed data were analyzed using the Wilcoxon signed-rank test as a non-

parametric alternative. 

Subsequently, the improvement in creative thinking skills between groups was 

compared. For normally distributed data, independent t-tests were used, while for non-

normal data, the Mann-Whitney U test was applied. A significance level of p < 0.05 

was used to determine whether the improvement in the experimental group was greater 

than that in the control group. Through this procedure, the researchers could 

comprehensively assess the effect of pair programming on students’ creative thinking 

skills while comparing its effectiveness with conventional methods. The analysis 

focused not only on total creative thinking scores but also on each individual indicator, 

fluency, originality, and elaboration, thus providing a deeper insight into the aspects 

of creative thinking stimulated by this instructional strategy. 
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RESULTS  

This study analyzed the differences in the improvement of creative thinking skills 

between the experimental group, which used pair programming, and the control group, 

which employed direct instruction. The data were analyzed through a series of steps, 

including normality testing, within-group comparisons, and between-group comparisons. 

This study analyzed the differences in the improvement of creative thinking skills 

between the experimental group, which used pair programming, and the control group, 

which employed direct instruction. The data were analyzed through a series of steps, 

including normality testing, within-group comparisons, and between-group comparisons. 

a. Normality Test 

Before conducting comparative analyses, the gain scores for each indicator were 

tested for normality using the Shapiro-Wilk test. The results of the normality test are 

presented in Table 5. 

Table 5. Results of the Normality Test 

Group Indicator Statistic p-value Description 

Experimental Fluency 0.921 0.065 Normal Distribution 

 Originality 0.895 0.021* Not Normal 

 Elaboration 0.881 0.012* Not Normal 

Control Fluency 0.945 0.178 Normal Distribution 

 Originality 0.903 0.031* Not Normal 

 Elaboration 0.934 0.121 Normal Distribution 

 

Based on Table 5, the gain scores for the fluency indicator in both groups and the 

elaboration indicator in the control group were normally distributed (p > 0.05). In 

contrast, the originality indicator in both groups and the elaboration indicator in the 

experimental group were not normally distributed (p < 0.05). 

b. Comparison of Pre-test and Post-test Within Groups 

The comparison of pre-test and post-test scores was conducted using paired-

sample t-tests for normally distributed data and the Wilcoxon signed-rank test for non-

normal data. The results are presented in Table 6. 

Table 6. Results of the Paired-Sample t-Test 

Group Indicator Pre-test 

Mean 

Post-test 

Mean 

p-value Description 

Experimental Fluency 25.36 38.91 0.000* Significant 

Improvement 

 Originality 18.64 29.55 0.003* Significant 

Improvement 

 Elaboration 22.09 24.18 0.157 Not Significant 

Control Fluency 26.14 28.23 0.085 Not Significant 

 Originality 19.32 21.45 0.061 Not Significant 

 Elaboration 21.86 22.95 0.214 Not Significant 
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Based on Table 6, the experimental group showed significant improvement in 

the fluency indicator (p = 0.000) and originality indicator (p = 0.003), whereas the 

elaboration indicator was not significant (p = 0.157). In the control group, none of the 

three indicators showed significant improvement. 

c. Comparison of Improvement Between Groups 

To assess differences in improvement between groups, independent-sample t-

tests were used for normally distributed data and the Mann-Whitney U test for non-

normal data. The analysis results showed that the gain in creative thinking skills in the 

experimental group was significantly higher than in the control group for the fluency 

indicator (p = 0.008) and originality indicator (p = 0.011), whereas no significant 

difference was found for the elaboration indicator (p = 0.325). 

Table 7. Results of the Independent-Sample t-Test 

Indicator Experimental Group 

(Mean Gain) 

Control Group 

(Mean Gain) 

p-

value 

Description 

Fluency 13.55 2.09 0.008* Significant 

Improvement 

Originality 10.91 2.13 0.011* Significant 

Improvement 

Elaboration 2.09 1.09 0.325 Not Significant 

 

These results confirm that pair programming is effective in enhancing students’ 

creative thinking skills, particularly in terms of fluency and originality, while the 

elaboration aspect requires additional strategies to achieve significant improvement. 

 

 

 

Figure 1. Comparison of Creative Thinking Skill Gains Between Groups 

 

DISCUSSION  

The results of the study indicate that the implementation of pair programming is 

effective in enhancing the creative thinking skills of elementary school students, 

particularly in terms of fluency (idea generation) and originality (idea uniqueness). 
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Within-group analysis showed that the experimental group using pair programming 

experienced significant improvement in these two indicators, whereas the control group 

using direct instruction demonstrated smaller, non-significant gains. Theoretically, this 

improvement can be explained through the principles of computational thinking and the 

learning-by-doing approach, in which students actively solve problems through hands-on 

practice (Popat & Starkey, 2019). In pair programming, the driver writes the code while 

the navigator provides feedback, creating a collaborative interaction that fosters real-time 

idea exchange and problem-solving strategies. Vygotsky and Cole’s (1978) theory of the 

zone of proximal development (ZPD) is also relevant, as social interaction within the pair 

allows students to reach higher levels of creative thinking than working individually. 

Fluency increased in the experimental group because the structure of pair 

programming encourages students to actively propose multiple alternative solutions when 

facing coding problems. The role of the driver, who writes the code directly, combined 

with the role of the navigator, who monitors, provides suggestions, and questions the steps 

of their partner, creates a rapid feedback cycle that repeatedly stimulates the generation 

of new ideas. Originality improved because this collaboration forces students to view 

problems from different perspectives; the navigator may challenge assumptions or offer 

unexpected approaches, thereby triggering unique and innovative solutions. This process 

aligns with the theory of divergent thinking (Torrance, 1977), which emphasizes the 

creation of multiple possible solutions and the exploration of ideas that deviate from 

habitual thinking. Moreover, the trial-and-error nature of coding strengthens the creative 

process in practice. Students can immediately implement ideas, evaluate outcomes, 

correct errors, and iteratively adjust solutions. This activity not only trains analytical 

thinking skills but also develops cognitive flexibility, a key element of creative thinking. 

In contrast, the control group, which learned through direct instruction, received less 

stimulation from social interaction and continuous idea exchange. As a result, the number 

of alternative solutions generated was lower, and the uniqueness of ideas tended to be 

limited, as students focused more on following teacher instructions rather than actively 

exploring creative possibilities. 

However, the improvement in the elaboration aspect (detail enrichment) was not 

significant in either group. This is likely due to the focus of the tasks, which emphasized 

logical problem-solving and program functionality rather than the development of 

aesthetics, visual complexity, or detailed refinement of solutions. Elaboration requires 

more time, persistence, and higher metacognitive abilities, as students must review, 

expand, and refine initial ideas into richer and more detailed solutions. In the context of 

pair programming, the collaborative dynamics tend to encourage the generation of new 

ideas and rapid validation through driver-navigator interactions, causing students to focus 

more on idea creation than on in-depth idea development. Furthermore, the trial-and-error 

nature of coding makes students accustomed to finding quickly functional solutions, so 

the aspect of detailed enrichment receives less priority. 

These findings are consistent with (Kim, 2017), who demonstrated that the creative 

stimulation from collaborative methods is stronger in generating new ideas than in 
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refining existing ones, especially in groups with limited experience in planning and 

developing complex solutions. In other words, pair programming is more effective in 

enhancing generative creative ideas (fluency and originality) but requires additional 

strategies to stimulate elaboration, such as tasks that emphasize detail, aesthetics, or visual 

complexity. 

Pedagogically, the results of this study confirm that pair programming can serve as 

an effective cooperative learning strategy in elementary school coding education, 

particularly for stimulating fluency and originality in thinking. Teachers can implement 

this model by emphasizing role rotation between driver and navigator, facilitating guided 

discussions, and encouraging joint reflection after coding sessions to enhance 

understanding and creative thinking skills. To support the elaboration aspect, teachers can 

design tasks that require detailed development, such as creating complex animations, 

interactive digital projects, or code-based storytelling, while providing concrete examples 

and clear assessment criteria so that students understand how to develop ideas more 

deeply. 

Furthermore, integrating pair programming with scaffolding strategies can assist 

students who have limited experience in creative thinking by providing step-by-step 

guidance to organize ideas, enrich solutions, and manage coding complexity. Thus, the 

implementation of pair programming not only enhances short-term creative thinking 

skills but also fosters creative and collaborative skills that are beneficial for subsequent 

coding learning. 

The limitations of this study, including a relatively small sample and a short 

intervention duration, indicate that the results cannot be fully generalized. Future research 

should use larger and more diverse samples, extend the intervention period, and conduct 

a more in-depth analysis of social interactions, collaborative strategies, and students’ 

cognitive processes during pair programming. Additionally, further studies could explore 

the integration of the elaboration aspect in task design to investigate how students can be 

encouraged not only to generate new ideas but also to develop more detailed and complex 

solutions. 

CONCLUSION  

This study demonstrates that pair programming is effective in enhancing the 

creative thinking skills of elementary school students, particularly in terms of fluency 

(idea generation) and originality (idea uniqueness). Within-group analysis showed that 

the experimental group using pair programming experienced more significant 

improvements compared to the control group using direct instruction. This improvement 

was driven by collaborative interactions between the driver and navigator, which 

facilitated idea exchange, solution exploration, and trial-and-error processes that 

stimulated creative thinking. However, the elaboration aspect (detail enrichment) did not 

show significant improvement, likely because the tasks focused more on logical problem-

solving and program functionality rather than on developing detail or visual complexity. 
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These findings indicate that pair programming is more effective in promoting generative 

creative ideas but requires additional strategies to stimulate elaboration. Pedagogically, 

the results confirm that pair programming can be adopted as an effective cooperative 

learning strategy in elementary school coding education, with an emphasis on role 

rotation, reflection, and task design that encourages elaboration. For future research, it is 

recommended to use larger and more diverse samples, extend the intervention duration, 

and conduct a more in-depth analysis of social interactions and students’ cognitive 

processes to better understand the mechanisms underlying improvements in creative 

thinking skills. 
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