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 This study addresses the limited emphasis on creativity in lower secondary 

programming classrooms, where instruction often relies on imitation-based 

coding practices. To address this issue, the Synectics instructional model 

was applied to enhance students’ creativity and programming skills.  

A quasi-experimental design was conducted with 60 students divided into 

experimental and control groups. Data were collected using creativity and 

programming skill assessments and analyzed using independent samples  

t-test and Pearson correlation. The results showed that the experimental 

group achieved significantly higher scores in creativity (M=9.91, SD=0.95) 

and programming skills (M=34.67, SD=1.83) than the control group 

(p<0.001). A strong positive correlation was found between creativity and 

programming skills (r=0.710, p<0.001). These findings indicate that 

creativity is a key factor in programming performance and that the Synectics 

model is effective in enhancing both creative thinking and technical skills. 

The study provides practical implications for improving programming 

education in 21st-century classrooms. 
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1. INTRODUCTION 

In the 21st century, educational paradigms emphasize developing essential skills for digital 

economies. Creativity, innovation, and computational thinking are now core competencies required for 

sustainable development and global competitiveness. Regionally and internationally, this shifting paradigm is 

heavily driven by comprehensive educational policy frameworks and foundational core curricula, which 

systematically prioritize learners’ creativity, critical thinking, and technological competence to cultivate  

a resilient future workforce [1], [2]. 

Creativity enables individuals to generate novel ideas and solve problems effectively. Torrance [3] 

defined creativity through fluency, flexibility, originality, and elaboration, while Guilford [4] connected it to 

divergent thinking. In computer education, programming skills represent practical competencies integrating 

cognitive and psychomotor domains. Simpson [5] psychomotor taxonomy outlines that competence is 

developed through structured practice and progressive acquisition rather than rote memorization. 

To promote creative thinking, Gordon [6] developed the Synectics model, which uses analogical 

processes, including direct analogy, personal analogy, and compressed conflict, to connect unfamiliar 

concepts with familiar experiences. This model is widely recognized for stimulating creativity and problem-

solving [7]. Scholars suggest that creativity can be systematically nurtured. Beghetto and Kaufman [8] argued 

that classroom environments encouraging exploration foster creativity, while Sawyer [9] highlighted that 
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collaborative thinking supports deeper innovation. This aligns with Sweller [10] instructional design 

principles regarding creativity and Wade [11] analytical thinking strategies. Furthermore, Davies [12] 

emphasized that structured instructional processes influence learning outcomes, and Joyce et al. [13] noted 

that instructional models systematically improve cognitive and practical skills. Furthermore, establishing 

standardized benchmarks for educational outcomes requires robust systematic frameworks, as emphasized by 

Walbesser [14], whose evaluation models clarify how behavioral objectives and structured curriculum 

designs directly dictate measurable learning achievements. 

Developing practical skills requires continuous engagement, as mapped by Harrow [15] 

psychomotor stages. In computer education, these skills grow through active problem-solving. Westcott and 

Smith [16] suggested that creative teaching approaches improve conceptual understanding in technical 

subjects like mathematics. Thus, embedding Synectics into programming may enhance both creative and 

technical competence. Previous research proves Synectics’ efficacy in creative domains, including dance 

production [17], literacy skills [18], and creative writing [19]. Recent studies also emphasize its role in 

technical areas; Pease et al. [20] noted that computational creativity drives scientific and mathematical 

discovery. Other global frameworks support integrating creativity into computational tasks to improve 

problem-solving [21]−[23]. 

Despite its value, limited research applies Synectics to lower secondary programming instruction. 

Many classrooms still rely on imitation-based instruction, where students follow step-by-step coding without 

independent problem-solving [24], [25]. Consequently, students master programming syntax but struggle to 

design original solutions or apply divergent thinking [26]. This creates a critical gap where creativity is 

neglected alongside technical knowledge [27]. While educational policies advocate for innovation [28], 

actual classroom practice remains disconnected [25], [29]. 

Applying Synectics as a formal model to simultaneously develop creative cognition and technical 

programming proficiency in lower secondary students represents a novel approach. This study addresses this 

gap by investigating if a creative-thinking intervention can directly enhance a technical, practical skill.  

It makes three contributions: applying Synectics to computer programming, providing empirical evidence on 

the creativity-programming relationship, and focusing on a critical developmental stage in secondary 

education. Thus, this study aims to: i) investigate the effect of the Synectics model on students’ creativity and 

programming skills, and ii) examine the relationship between creativity and programming performance. 

Based on the research objectives, the following research questions were formulated: 

− Does the Synectics instructional model significantly improve students’ creativity and programming skills 

compared to conventional instruction? (RQ1) 

− Is there a significant relationship between students’ creativity and their programming skills? (RQ2) 

 

 

2. METHOD 

2.1.  Research design 

This study employed a static-group comparison design, which is a type of quasi-experimental, post-

test-only control group design. The purpose of this design is to compare the outcomes between a group that 

receives the experimental intervention and a group that does not, in order to determine the effect of the 

treatment. Table 1 presents the research design used in this study, illustrating the static-group comparison 

structure, including the experimental and control groups, the applied treatment, and the post-test 

measurements. 

 

 

Table 1. Research design static group comparison design 
Group Treatment (X) Post-test measurement 

Experimental X O₁ 

Control - O₂ 

X represents the instructional intervention using the Synectics model. 

O₁ represents the post-test results of the experimental group, and  

O₂ represents the post-test results of the control group. 

 

 

2.2.  Population and sampling 

The population for this study consisted of lower secondary school students enrolled at the 

Demonstration School of Udon Thani Rajabhat University, under the Ministry of Higher Education, Science, 

Research and Innovation, during the first semester of the 2025 academic year. A total of 270 students across 

nine classrooms were included in the population. The sample was divided into two groups as experimental 

and control group. 
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2.2.1. Experimental group 

This group comprised 30 lower secondary school students from the demonstration school of Udon 

Thani Rajabhat University who participated in instructional activities based on the Synectics teaching model 

combined with practical application. The participants were selected using voluntary sampling from students 

enrolled in the course learning skills. 

 

2.2.2. Control group 

This group consisted of 30 lower secondary school students from the demonstration school of Udon 

Thani Rajabhat University who received conventional instruction. The participants were selected using 

voluntary sampling from students enrolled in the course learning skills. It should be noted that because  

a non-probability voluntary sampling approach was adopted due to institutional scheduling constraints, 

participants could not be randomly assigned to the groups, which represents a methodological limitation 

regarding potential selection bias. 

 

2.3.  Instruments 

2.3.1. Instructional activities 

Six 2-hour lesson plans (12 hours total) based on the 6-step Synectics instructional model were 

developed, covering story design, storyboarding, and Scratch animation. Content validity was verified by 

three computer education experts, yielding index of item-objective congruence (IOC) values of 0.95, 0.93, 

0.97, 1.00, 0.98, and 0.92, respectively [30]. 
 

2.3.2. Creativity assessment instrument 

The creativity assessment instrument was a subjective testing form validated by three experts 

(IOC=1.00) designed to evaluate divergent thinking skills based on Torrance’s core components: fluency, 

flexibility, originality, and elaboration. To establish high psychometric transparency, a pilot test was 

conducted with 30 non-sampled demographic peers, yielding an internal consistency Cronbach’s alpha 

coefficient of 0.81. Furthermore, to eliminate individual grading subjectivity, all student test outcomes were 

evaluated independently by a panel of three blinded expert assessors using predefined, objective rubric 

criteria. The inter-rater reliability among the three evaluators was statistically computed using the intraclass 

correlation coefficient (ICC) two-way mixed effects model under the consistency definition, yielding an 

average measures ICC value of 0.821 (95% confidence interval: 0.672, 0.909; F(29, 58)=5.592, p<0.001), 

indicating an excellent and highly standardized level of inter-rater consistency. 

 

2.3.3. Programming skill assessment instrument 

The programming skill assessment instrument utilized a standardized performance-based rubric 

designed to measure computing product quality and algorithmic task execution in Scratch (focusing on script 

logic, control structures, events, and debugging proficiency). The rubric consisted of five core assessment 

criteria scored on a 4-point scale (totaling 20 points). Content validity was confirmed by three experts 

(IOC=1.00). In a pilot test with 30 non-sampled peers, the rubric criteria achieved a Cronbach’s alpha 

coefficient of 0.87. To ensure strict objectivity across the experimental and control groups, all programming 

products were independently evaluated by the same panel of three blinded expert assessors. The inter-rater 

reliability was calculated using the ICC two-way mixed effects model, yielding an average measures ICC 

value of 0.757 (95% confidence interval: 0.554, 0.876; F(29, 58)=4.115, p<0.001). This result demonstrates  

a statistically significant and good level of grading stability and standardization among the evaluators. 

 

2.4.  Data analysis procedure 

The researcher implemented the study according to the following steps: the instructional activities 

were conducted sequentially according to the lesson plans. After each instructional session, students were 

assessed using the creativity assessment form and the practical programming skills assessment form, and 

their scores were recorded. Data analysis: 

− Comparative analysis: an independent samples t-test was used to compare the mean post-test scores for 

creativity and practical programming skills between the experimental group and the control group to 

determine if a statistically significant difference existed. 

− Analysis of the relationship between creativity and practical programming skills the relationship between 

students’ creativity and their practical programming skills following the implementation of the Synectics-

based instructional activities was analyzed using the Pearson product-moment correlation coefficient (r). 

The correlation coefficient ranges from -1 to +1, where the strength of the correlation was interpreted 

according to Cohen [31]: i) a negative value indicates an inverse relationship; ii) a positive value indicates 

a direct linear relationship; and iii) a value of 0 indicates no relationship between the variables. 
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3. RESULTS AND DISCUSSION 

3.1.  Results 

3.1.1. Results of the comparison of mean scores of creativity and programming practice skills between 

the experimental and control groups 

As shown in Table 2, it was found that: 

− Creativity: the experimental group achieved a mean creativity score of 9.91 with a standard deviation of 

0.95, whereas the control group obtained a mean score of 8.69 with a standard deviation of 1.55. The  

t-test analysis revealed a t-value of 3.676 and a p-value less than 0.001 (p<0.001), which is below the 

statistical significance level of 0.05. Therefore, it can be concluded that there is a statistically significant 

difference in creativity between the experimental and control group. The experimental group 

demonstrated significantly higher creativity than the control group. 

− Practical programming skills: the experimental group had a mean programming performance score of 

34.67 with a standard deviation of 1.83, while the control group had a mean score of 29.19 with  

a standard deviation of 4.85. The t-test results indicated a t-value of 5.790 and a p-value less than 0.001 

(p<0.001), which is statistically significant at the 0.05 level. This indicates a statistically significant 

difference between the two groups, with the experimental group exhibiting substantially higher 

programming skills than the control group. 

The effect size analysis showed a large effect of the Synectics instructional model on creativity (Cohen’s 

d=0.94) and practical programming skills (Cohen’s d=1.48), indicating that the intervention had a substantial 

impact on students’ learning outcomes. 
 

 

Table 2. Comparison of mean scores of creativity and programming practice skills of students in the 

experimental group and the control group 

Variables Studied 
Experimental group (n=30) Control group (n=30) 

t P 
𝑥̅ S.D. 𝑥̅ S.D. 

Creativity 9.91 0.95 8.69 1.55 3.676 <0.001 
Practical programming skills 34.67 1.83 29.19 4.85 5.790 <0.001 

 

 

3.1.2. Results of the analysis of the relationship between creativity and programming skills following 

the implementation of Synectics-based learning activities for lower secondary school students 

This section presents the findings regarding the relationship between students’ creativity and 

programming skills after the intervention. Table 3 presents the correlation analysis between creativity and 

programming skills following the implementation of the Synectics instructional model. The results presented 

in Table 3 indicate that, based on the Pearson correlation analysis, creativity was found to have a statistically 

significant, strong positive correlation with programming performance among students in the experimental 

group who participated in the Synectics-based instructional activities (r=0.710, p<0.001). A Pearson 

correlation value of 0.710 demonstrates a high level of positive association between creativity and 

programming skills. This finding suggests that higher levels of creativity are significantly associated with 

higher levels of programming performance. According to Cohen’s [31] interpretation criteria, the obtained 

correlation coefficient (r=0.710) indicates a large positive relationship between creativity and programming 

skills. 
 

 

Table 3. Correlation between creativity and programming skills 
Correlations 

Variables Practical programming skills Creativity 

Practical programming skills Pearson correlation 1 0.710** 

Sig. (2-tailed)  0.000 

N 30 30 
Creativity  Pearson correlation 0.710** 1 

Sig. (2-tailed) 0.000  

N 30 30 

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

 

The scatter plot in Figure 1 illustrates a clear positive influence of creativity on programming skills. 

The trendline and regression equation indicate a statistically significant predictive relationship. Creativity 

accounts for 50.4% of the variance in programming skills (R²=0.504), suggesting that creativity is a moderate 

to strong predictor of students’ practical programming performance. This finding demonstrates that higher 

levels of creativity are associated with higher levels of programming proficiency. 
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Figure 1. Scatter plot illustrating the relationship between creativity and programming skills 

 

 

3.2.  Discussion 

The findings of this study provide empirical evidence for the efficacy of the Synectics instructional 

model in bridging the gap between creative cognition and technical skill development. Students undergoing 

Synectics-based instruction achieved significantly higher scores in both creativity and programming 

proficiency compared to those in the conventional “follow-the-example” group. This core finding validates 

Gordon [6] foundational theory that structured analogical thinking can break cognitive fixation and directly 

enhance problem-solving capacities in practical domains. 

The descriptive statistics and large effect sizes (Cohen’s d=0.94 for creativity; d=1.48 for 

programming) demonstrate that the intervention exerted a transformative impact rather than a marginal 

improvement. While traditional programming instruction often limits lower secondary students to rote syntax 

imitation [24], [25] leaving them ill-equipped for independent algorithmic design [26], the Synectics model 

offers an explicit mechanism for generative thinking. Specific phases, such as personal analogy  

(e.g., conceptualizing oneself as a line of code) and compressed conflict (e.g., resolving opposing conceptual 

forces within a program’s logic), forced students to transcend standard design paradigms. By actively 

destabilizing familiar assumptions, the model systematically guided learners to construct original algorithmic 

pathways, confirming prior assertions that creative classroom environments promote deeper technical 

innovation [8], [9], [16]. 

Critically, the strong positive correlation (r=0.710, p<0.001) and regression analysis (R²=0.504) 

redefine the interplay between creative thinking and computational performance. Creativity is frequently 

mischaracterized as a soft skill separate from technical science, technology, engineering, and mathematics 

(STEM) competencies. However, these data indicate that creative capacity accounts for over half of the 

variance in students’ practical programming skills. This predictive relationship suggests that the cognitive 

flexibility and originality nurtured by Synectics are foundational to the psychomotor and logical demands of 

debugging, structuring logic, and writing code [5], [15]. Consequently, expanding computational creativity 

from artistic fields [17]−[19] into technical disciplines is not merely adjacent to computer science education; 

it is a pedagogical prerequisite for high-level technical mastery [20]. 

To contextualize the broader academic impact of these findings, the outcomes of this study were 

systematically compared with a network of prior global research. The empirical alignment observed across 

multiple domains strongly corroborates the universal adaptability of the Synectics model. Specifically,  

the significant leap in creative performance resonates with the milestones achieved by Wiharsih et al. [17]  

in performative arts, Sunendar et al. [18] in linguistic literacy, and Saputro and Waraulia [19] in creative 

writing, thereby substantiating that analogical destabilization effectively nurtures cognitive fluency across 

both artistic and technical curricula. 
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Furthermore, the robust predictive relationship between creativity and computational skill 

(R²=0.504) directly parallels the theoretical assertions of Pease et al. [20] regarding computational creativity, 

as well as the empirical frameworks of Grover and Pea [24] and Resnick [26], who argued that programming 

mastery cannot thrive on syntax acquisition alone but requires high-level divergent problem-solving. This 

study also strengthens the pedagogical positions of Beghetto and Kaufman [8] and Sawyer [9], proving that 

structured creative interventions mitigate the limitations of traditional, imitation-heavy computer education as 

critiqued by Lye and Koh [25]. Lastly, the psychomotor stability captured in the programming rubrics 

bridges the foundational taxonomies of Simpson [5] and Harrow [15], demonstrating that technical execution 

is a direct downstream byproduct of structured conceptual origination. Beyond academic synthesis, this 

research delivers three foundational contributions to the field of computer education: 

− Theoretical contribution: it expands the boundaries of Gordon [6] Synectics theory by proving that  

a model originally designed for the humanities is highly applicable to algorithmic and deterministic 

STEM fields, effectively transforming how the intersection between creative cognition and logical 

programming is conceptualized. 

− Practical/empirical contribution: it provides frontline computer science educators with a validated, 

turnkey pedagogical strategy (the 6-step Synectics framework) to transcend mechanical coding practices, 

offering concrete evidence that nurturing student creativity directly improves independent debugging and 

code quality. 

− Methodological contribution: by rigorously deploying a dual-instrument validation process backed by 

solid internal consistency testing (α=0.81 and 0.87) and utilizing a rigorous triple-assessor panels 

approach to guarantee inter-rater objectivity for both creativity and technical tasks (ICC=0.821 and 0.757, 

respectively), this study establishes a highly reliable and replicable empirical blueprint for future 

researchers seeking to quantify soft-skill variances within highly technical performance tasks. 

 

 

4. CONCLUSION 

This study investigated the impact of the Synectics instructional model on the creativity and 

practical programming skills of lower secondary school students, while exploring the underlying relationship 

between these two domains. The empirical evidence demonstrates that integrating analogical and 

metaphorical thinking into programming tasks yields superior outcomes compared to conventional, imitation-

heavy instruction. Furthermore, the study uncovers a powerful, positive predictive relationship where 

creative capacities account for approximately 50.4% of the variance in programming performance. This 

proves that creative thinking operates as a primary cognitive driver for technical and algorithmic problem-

solving in computer education. 

The findings offer several critical implications for 21st-century educational reform and classroom 

practice: i) pedagogical shift: computer science curricula must transition away from mechanistic, rote coding 

exercises. Instructors should formally embed generative thinking frameworks—such as direct and personal 

analogies—into standard technical lessons to cultivate both technical literacy and creative cognitive capacity 

simultaneously; ii) curriculum cohesion: educational policymakers aiming to fulfill national mandates 

regarding computational innovation must actively align high-level policies with classroom activities by 

embedding cognitive flexibility rubrics directly into STEM and computing grading criteria; and iii) active 

learning environments: to facilitate psychomotor and cognitive skill acquisition in computer education, 

learning environments must be designed to tolerate experimentation, encourage divergent problem-solving, 

and provide structured frameworks for collaborative risk-taking. 

Despite these contributions, certain limitations must be acknowledged. First, this study utilized  

a non-probability voluntary sampling method to recruit participants from a single demonstration school, and 

the sample size was relatively small (n=60). Because random assignment was not feasible, potential selection 

bias may be present; for instance, students who volunteered might have possessed higher initial baseline 

motivation, distinct prior learning characteristics, or greater interest in computer technology than the general 

student population. These factors may limit the immediate internal validity and the generalizability of the 

findings to broader, more diverse public school settings. Future research should address these constraints by 

employing larger, randomly assigned random samples across multiple geographical locations. Additionally, 

longitudinal studies are recommended to track the long-term retention of these creative problem-solving 

skills and to evaluate whether the cognitive benefits of Synectics transfer successfully to adjacent technical 

fields such as advanced mathematics, physics, and robotics. 
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