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Abstract 

 

Programming skills are indispensable for the development of Artificial Intelligence (AI) tools. 

However, secondary school students often encounter difficulties in this particular aspect of 

computer science. This study investigated the moderating influence of students’ cognitive styles 

on the contribution of their creativity to their learning of programming. Utilizing the correlational 

design, the study surveyed 270 senior secondary school three (SS3) students from public senior 

secondary schools in the Ikeja Local Government Area, Lagos State, Nigeria. The survey data was 

collected using the Students’ Achievement Test in Programming (r=0.74), Programming Creative 

Style Inventory (0.86), and Cognitive Style Inventory in Programming (r=0.76). The data collected 

were analysed through descriptive statistics of mean and standard deviation and inferential 

statistics of hierarchical multiple regression.The findings of the study indicated that both creativity 

and cognitive styles significantly contributed to students’ programming learning. However, 

cognitive style did not play a moderating role in the influence of creativity on students’ 

programming achievement. From these findings, the study recommended that teachers promote 

students’ creativity by employing essay questions rather than multiple-choice formats and adapt 

their instructional strategies to cater to the diverse needs of learners, regardless of their cultural 

backgrounds. This study sheds light on the significance of creativity and cognitive style in 

programming learning, and the findings can be utilized to design interventions aimed at enhancing 

programming learning among students with varying cognitive styles. 
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INTRODUCTION 

 

Every nation strives to achieve sustainable development goals by 2030. Mhlanga (2021) argued 

that Artificial Intelligence (AI) could strongly influence the attainment of these goals, especially 

poverty alleviation, improvement in transport infrastructure, and development of the economy in 

emerging markets. AI can determine countries’ economic policies and is a prominent predictor of 

world economic growth during economic downturns (Smirnov & Lukyanov, 2019). Indeed, it is 

one of the recent advancements in technological development drives. 

Artificial Intelligence depicts the ability of a machine to perform human-like tasks such as 

problem-solving, games, and medical examinations. It can potentially change the economy 

dramatically and perfectly do human jobs (Furman & Seamans, 2019). According to Saetra (2020), 

the capability of AI in decision-making is better than that of human beings in some aspects, 

especially in areas of complex reasoning and analysis of large amounts of data for problem- 

solving. Although many nations use AI to improve their lots, only a few develop AI tools. It is 

argued that the benefits from such applications go to the countries of origin that control the data. 

This observation means that every nation should chart a path that will enable their citizens to 

develop the skills to develop AI tools. Several skills are needed to create AI tools. These include 

technical skills such as a strong foundation in computer science, programming, and mathematics. 

Others are algorithm design, creativity, problem-solving, and communication skills. The skill 

requirement suggests that any nation that wishes to be part of AI development to localise its gains 

must encourage programming learning. 

Programming involves writing instructions for the computer to perform certain operations 

seamlessly without human intervention, thus promoting human-computer information exchange. 

It is regarded as one of the literacy skills of the 21st century which every individual must possess 

because it transforms individuals from passive consumers to active producers of technologies such 

as AI tools. Programming can also improve creativity and collaboration among individuals 

regardless of their geographical location and language disparity. It is an aspect of Science, 

Technology, Engineering, and Mathematics (STEM) education to develop learners’ computational 

thinking, motivation, and engagement and can boost their career interests in computer science (Sun 

et al., 2021). Critical thinking, problem-solving, communication, and collaboration promoted by 

programming are strongly needed in this era of Artificial Intelligence. 

However, it has been observed that programmers are still scarce worldwide, and this has a 

disproportionate impact on the innovation ambitions of numerous industries (Garcia & Revano, 

2021), including AI. Similarly, Unique (2021) observed that the demand for occupations requiring 

programming abilities would increase dramatically over the next decade with a severe shortage of 

human resources with this skill. This observation implies that AI tool consumers will outnumber 

the developers of this device, which may likely overburden these few experts. Through the Federal 

Ministry of Communication Technology (2012), the Nigerian government emphasises developing 

indigenous programmers to meet the ever-rising demand for a workforce with programming skills. 

One of the platforms through which the skill can be inculcated in learners is through functional 

education. Therefore, the Federal Ministry of Education (FME, 2017) maintained that the 

curriculum would be reviewed to address emerging and future market needs, including coding, 

Artificial Intelligence, and robotics. 

Computer Studies/Education was introduced into its senior secondary education 

curriculum in 2011. The primary objective was to provide learners with the needed skills and 

knowledge to function effectively in a digital economy. The thematic curriculum emphasises 
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creativity and includes a problem-solving skill development theme to teach learners how to write 

effective computer programs to solve real-life problems. It also promotes critical and analytical 

thinking and effective communication. The spiral nature of the curriculum ensures that learners 

have repeated exposure to programming learning throughout the senior secondary education stage. 

This repeated exposure helps to reinforce and build upon previously learned concepts, resulting in 

a more robust understanding of programming concepts and their applications. Practical 

programming skills are sine-qua-non for meaningful participation in the artificial intelligence- 

dominated world. 

Students’ performance in programming in senior secondary school computer education has 

been below expectations, as shown by WAEC Chief Examiners’ reports from 2014-2019. The 2017 

report showed improvement, but this may be because there was no programming question in the 

essay part. In 2018, students avoided programming questions, and few students who attempted 

them demonstrated poor mastery. The 2019 report showed that students performed well in the 

theme, but the question was on flowcharts, not coding. Similarly, Oyelami, Oyebisi, and Afolayan 

(2017) reported that most secondary school students in Nigeria do not understand programming 

concepts and lack the necessary skills to write basic programs. 

Consistently, WAEC external examiners’ reports (2014-2019) blame students’ poor 

performance in programming on teachers’ lack of skill and effective tutorship, schools’ lack of 

computer facilities, and epileptic power supply (Adeyanju & Adewale, 2021). Research has shown 

that many students in Nigeria lack interest and motivation in learning programming and have 

limited exposure to it (Oyelami et al., 2017). Despite research on how to improve students’ 

programming knowledge (Saka, 2020; Akinola, 2016; Odo & Odo, 2016), students’ poor 

performance persists, calling for a new approach. Thus, examining if cognitive style moderates the 

impact of students’ creativity, a critical 21st-century skill, on their programming learning is a 

potential approach. 

Creativity is a fundamental cognitive trait of individuals that enables them to develop fresh 

and helpful ideas or solutions to problems. It is the capacity to connect seemingly unrelated 

concepts, approaches, and challenges from different angles. According to Taheri et al. (2021), 

creativity is a crucial component of human cognition that helps individuals adapt to new contexts 

and difficulties to discover unique solutions to complex problems. Indeed, creativity is essential 

for the societal future, and its development is vital for science education (Fredagsvik, 2021). It is 

one of the must-have skills in the 4th Industrial Revolution, a beacon of hope to solve many global 

issues, and core to an individual’s successful contribution to a 21st-century society characterised 

by complex and interconnected challenges (Henriksen et al., 2016). It has also been noted that 

creativity rules the world as medieval skills are no longer adequate to navigate the highly 

technologically connected global village. Chan and Yuan in Richardson and Mishra (2018) 

describe creativity as a core skill of 21st-century that every education system should strive to 

promote. 

 

LITERATURE REVIEW 

 

Creativity has been found to aid an individual’s ability to improve learning outcomes in various 

disciplines. The systematic literature review by Lutfiani (2021) concluded that creativity 

influences students’ achievement because creative instructional delivery encourages students’ 

absorption of lesson materials. Sawaluddin et al. (2022) analysed the effect of creativity on 

students’ outcomes at Madrasah Tsanawiyah NurulYaqin, Pekanbaru, and found that it 
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significantly positively impacted their learning. Prakoso et al. (2021) determined the relationship 

between creativity, critical thinking, and students’ academic achievement, and it was reported that 

critical thinking and creativity were potent factors in students’ academic achievement. Motivated 

by the persistent poor performance in Economics in Sekolah Menengah Atas (SMA) Ekasakti 

Padang, Nofrialdi (2022) explored the effect of creativity and interest on students’ learning 

achievement and found a significant influence of creativity on it. It was revealed that creativity 

accounted for 14% of students’ variance in academic achievement, and the study concluded that 

the higher the students’ creativity, the better the learning achievement. Likewise, Wulanningtyas 

and Fauzan (2022) determined the impact of creativity on how students learn at SMK Negeri 3 

Kendal through observation, interviews, and documentation. They disclosed that creativity 

significantly influenced the academic achievement of the students. Conversely, Saka et al. (2021) 

explored how the think-pair-share programming strategy affects students’ learning of 

programming in computer studies in senior secondary schools. The study, which also examined 

the moderating effect of creativity, found a significant impact of the strategy but an insignificant 

effect of creativity on students’ programming learning. 

Another vital learning factor is the cognitive style, which refers to how an individual prefers 

to process information and approach problem-solving tasks. Yeldham and Gao (2021) described 

the cognitive style as a person’s way of mentally perceiving, organising, and generalising 

information. Armstrong, cited in Yeldam and Gao (2021), argued that while the environment can 

influence learning styles, cognitive style is relatively stable and unaffected by the learners’ 

environment. To this end, learners’ cognitive styles determine the suitability of applied 

instructional strategies (Chuang et al., 2021). It also impacts their psychometric abilities 

(Mertayasa et al., 2021). A student’s cognitive style substantially affects their capacity to grasp, 

remember, and apply information. According to Janah et al. (2021), students’ cognitive styles are 

deemed appropriate if solutions to one problem in a domain can be used to overcome future 

challenges. Thus, knowing the various cognitive styles of students enables educators to adjust their 

instructional approaches and materials to meet their needs better, resulting in more successful 

learning results. 

There are a variety of cognitive styles: field-dependent and field-independent, visual- 

spatial, verbal-linguistic, auditory-musical, adaptation-innovation, logical-mathematical, bodily- 

kinesthetic, interpersonal, and intrapersonal. Each form represents a distinct information 

processing method and has strengths and drawbacks. This study adopted the adaptation-innovation 

cognitive style due to its relationship with programming, which revolves around problem-solving. 

Kirton (1976) created the dichotomous adaptation-innovation cognitive style to assess an 

individual’s approach to problem-solving and creativity. A learner with an adaptive cognitive style 

prefers solving problems using established methods and procedures, while an innovative cognitive 

style learner tends to favour new and unusual ways (Kirton, 2003). Research has indicated that an 

individual’s level of adaptation and innovation could impact their success in various contexts. 

Ifelunni et al. (2022) conducted a study to explore how cognitive styles impact the 

academic achievement of students in the South East region of Nigeria. The researchers utilized the 

Group Embedded Figure Test (GEFT) and the academic achievement proforma to collect data. The 

results of the study indicated a significant influence of cognitive style on students’ academic 

performance. Similarly, Eriba et al. (2021) researched the effects of cognitive style and 

collaborative instructional strategy on senior secondary school students’ chemistry learning in 

Benue State, Nigeria. It revealed a significant effect of cognitive style on students’ academic 

achievement and recommended that teachers incorporate instructional strategies catering to 
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Long Term Memory 

Contains schemata: syntax, semantic, programming plans (building block of 

algorithm) 

 

learners’ diverse cognitive styles. Similarly, Hamzah and Baa (2022), which examined the 

influence of cognitive style on the English skills of vocational high school students in Makasar, 

found that the correlation between students’ cognitive styles and their productive skills was a weak 

but positive. Specifically, cognitive styles accounted for 14.8% and 20.5% of the variances in 

students’ writing and speaking abilities, respectively. It was concluded that the correlation between 

cognitive style and the productive English skills of eleventh-grade students in Telkom Makasar 

during the 2020/2021 academic year was significant. 

Beghetto and Kaufman (2014) have reported that both creativity and cognitive style can 

influence the performance of students in various aspects of learning. Research works have explored 

the moderating influence of cognitive style on the association between creativity and students’ 

achievements. These investigations, however, have focused on areas other than the programming 

areas of computer studies in senior secondary schools in Nigeria. For example, Zhou et al. (2016) 

determined the moderating influence of cognitive style on the correlation between creativity and 

academic achievement among elementary school students in China. Their findings revealed that 

the intuitive cognitive style moderated the relationship between creativity and academic 

achievement, with creative-intuitive students performing better than their non-creative 

counterparts. Similarly, Oztunc (2013) examined how cognitive styles moderate cognitive style 

and personality factors to influence the connection between creative potential and creative 

performance. Furthermore, the study investigated the moderating influence of cognitive styles on 

the relationship between these variables. The results indicated that cognitive style moderated the 

connection between creative potential and creative performance. 

 

THEORETICAL FRAMEWORK 

 

Meanwhile, this work is guided by Cognitive Load Theory, proposed by John Sweller in 1988. 

Figure 1 explains the relevance of Cognitive Load Theory to this work. 

 

Figure 1 

 

Diagram Depicting Relevance of Cognitive Load Theory to Programming Learning (Adopted 

from Garner, 2002). 
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Cognitive Load Theory (CLT) provides a crucial framework for understanding the 

moderating role of cognitive style on the influence of creativity in programming learning. 

Programming tasks inherently demand a high intrinsic cognitive load due to their complexity, 

which involves mastering syntax, semantics, and problem-solving strategies such as algorithm 

development. Managing this load well is essential to avoid overwhelming learners and to support 

their ability to acquire new skills. In programming learning, it is crucial to minimize the extraneous 

cognitive load. This can be achieved through effective instructional design strategies, such as using 

clear explanations, intuitive learning environments, and avoiding distractions or irrelevant 

information. Simultaneously, educators must strive to enhance germane cognitive load by 

encouraging the construction and refinement of schemata. For example, learners should be guided 

to integrate new programming concepts with their existing knowledge base, progressively building 

from basic syntax to more complex algorithmic thinking. Long-term memory plays a vital role in 

programming learning, as it contains existing schemata related to syntax, semantics, and 

programming plans—the foundational elements for solving programming tasks. Effective 

instructional designs should aim to modify and expand these existing schemata, enabling learners 

to integrate creativity into their approach to programming problems. 

 

Creativity is particularly significant in programming as it fosters innovative solutions and novel 

approaches to challenges. However, the influence of creativity on learning is moderated by 

cognitive style. Analytical learners may excel in logically structuring and debugging programs, 

while intuitive learners might demonstrate strength in exploring new algorithms or design 

strategies. Tailoring instructional approaches to accommodate these cognitive styles ensures that 

learners can channel their creativity effectively without becoming cognitively overloaded. 

 

Research on how creativity influences students’ outcomes in computer science is an 

interesting area that needs further exploration due to the complex nature of creativity and the field 

of computer science (Sharmin, 2021). Lutfiani (2021) suggested that further studies are necessary 

to strengthen the findings on the influence of creativity on students’ learning. Likewise, exploring 

how cognitive style moderates this relationship is a pivotal contribution to knowledge in 

programming learning. 

 

A moderator variable (cognitive style), a third variable, is utilised to examine the strength 

of the connection between an independent variable (creativity) and a dependent variable 

(programming achievement). This influence must be established during moderation analysis, and 

the moderator and independent variables must not be causally related. It is often used in research 

to examine the conditions under which a particular relationship exists or changes. Therefore, this 

study determined how the learners’ cognitive styles moderate the contribution of their creativity to 

programming learning in senior secondary schools. 
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RESEARCH OBJECTIVES AND HYPOTHESES 

 

Research Objectives 

 

The main objective of this study was to determine the moderating influence of cognitive style on 

the relationship between creativity and students’ achievement in the programming aspect of senior 

secondary computer studies. In particular, the researcher: 

1. Investigated the contribution of creativity to students’ academic achievement in the 

programming aspect of senior secondary computer studies. 

2. Examined the contribution of cognitive style to students’ academic achievement in the 

programming aspect of senior secondary computer studies. 

3. Examined the joint contribution of creativity and cognitive style to students’ achievement 

in the programming aspect of senior secondary computer studies. 

4. Determined the moderating influence of cognitive style on the contribution of creativity to 

students’ achievement in the programming aspect of senior secondary computer studies. 

 

Null Hypotheses 

 

The following null hypotheses were formulated and tested at a 0.05 significance level to 

accomplish the set objectives: 

 

H01: There is no significant relative contribution of creativity to students’ achievement in the 

programming aspect of senior secondary computer studies. 

H02: There is no significant relative contribution of cognitive style to students’ achievement in the 
programming aspect of senior secondary computer studies. 

H03: There is no significant joint contribution of cognitive style and creativity to students’ 

achievement in the programming aspect of senior secondary computer studies. 

H04: There is no moderating influence of cognitive style on the relative contribution of creativity 

to students’ achievement in the programming aspect of senior secondary computer studies. 

 

METHODOLOGY 

Research Design 

 

The research design for this study was a descriptive survey. This enabled the researchers to explore 

and describe the linear and moderating relationship between creativity, programming achievement, 

and cognitive style in the context of senior secondary computer studies. The study model is shown 

in Figure 2. 



IIUM JOURNAL OF EDUCATIONAL STUDIES, 13:1 (JAN 2025) 173 
 

 

 

Figure 2 

Study Model for Creativity, Programming Achievement and Moderating Influence of Cognitive 

Style 

 

Note. The model was conceived and drawn by the researcher of this study. 

 

Figure 1 indicates that apart from finding the relative and joint contributions of creativity 

and cognitive style to the variance in students’ programming learning, the contribution of the 

interaction term (moderating influence), which signifies the product of creativity and cognitive 

style, was also determined. While creativity is the independent variable, cognitive style is the 

moderating variable, and the dependent variable is students’ achievement in programming. 

 

Population and Sample 

 

The target population for this study was the 1,352 senior secondary three (SS 3) students in public 

senior secondary schools in the Ikeja Local Government Area of Lagos State. The sample 

comprised two hundred and seventy (270) SS3 students offering Computer Studies selected from 

ten public senior secondary schools in Ikeja Local Government Area. Twenty-seven (27) students 

were randomly selected from each of the ten schools, amounting to a total of 270 participants from 

the ten schools, which were selected purposively on the criterion that they had computer teachers 

with B. Sc. (Ed.) in Computer Science/Education because programming teaching requires 

expertise, and only qualified computer teachers may be able to handle it effectively. The SS3 

students were selected because they have enough programming cognitive entry behaviours and 

should have 

. 

 

Instruments 

 

This research used the Students’ Achievement Test in Programming (SATP), Programming 

Creative Style Inventory (PCSI), and Cognitive Style Inventory in Programming (CSI-P) for data 

collection. The SATP is a researcher-design test to measure students’ programming knowledge. It 

consisted of 30 items from past questions from the West African Examinations Council (WAEC) 

Creativity 

Students’ Achievement in 

Programming 

Cognitive Style 

Interaction term (Product of Creativity 

and Cognitive Style engagement 

Creativity and Cogntive 

Style 
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exams. The content and face validities of the test were established through assessment by experts 

in computer science whose suggestions were harnessed to modify the instrument. The instrument’s 

reliability was obtained by administering copies to twenty (20) SS 3 students in an unselected 

school with a qualified computer science teacher. The tests were conducted twice at an interval of 

4 days. The test-retest statistics yielded a reliability coefficient of 0.74. 

The Programming Creative Style (PCS) Inventory is a 30-item instrument with a four- 

option Likert Scale designed by researchers to determine students’ creativity while engaging in 

programming tasks. The inventory was scored by summing up the ratings for all 30 items, with 

higher scores above the average rating of 60 points, indicating a greater tendency toward creative 

programming. The content and construct validities of the instrument were determined through the 

assessment of 3 experts in creativity in the Faculty of Education, Olabisi Onabanjo University 

(OOU). The researchers used their suggestions to modify the instrument further. Its reliability was 

found by administering it to 20 SS 3 students from an unselected school, and their responses were 

subjected to Cronbach Alpha statistics to determine the internal consistency of the instrument’s 

items. It yielded a reliability coefficient of 0.76. 

The Cognitive Style Inventory in Programming (CSI-P) is a 32-item, four-option Likert 

Scale adapted from Kirton’s (1976) Adaption-Innovation Inventory to measure students’ cognitive 

style along the adaptation-innovation continuum. The score above the midpoint symbolises 

Innovative cognitive style, while the score below indicates adaption. The content and face 

validities of CSI-P were established through the critiques of 3 experts in test construction in the 

Faculty of Education of OOU, and their suggestions were pooled together to modify the 

instrument. After that, 20 copies were administered to the same 20 SS 3 students of an unselected 

school who responded to the PCS, and their responses were subjected to Cronbach Alpha statistics 

to determine the internal consistency of the instrument’s items. It yielded a reliability coefficient 

of 0.86. 

 

Data Collection 

 

Before administering the questionnaires and test, consent was obtained from the selected schools’ 

authorities. In addition, students’ informed consent was obtained after explaining the purpose of 

the questionnaires and test, how the information would be used, and a promise that the sources of 

information would be blinded. The questionnaire and test were administered to the students at a 

non-disruptive period. The researcher provided clear and comprehensive instructions to the 

students on how to complete the questionnaires and the test, and they were adequately supervised 

to ensure they followed the instructions and did not discuss responses with their classmates. After 

completing the instruments, they were collected and thoroughly reviewed to ensure all required 

information was included. Then, the questionnaires and tests were scored, and the results were 

recorded. 

 

Data Analysis 

 

For data analysis, inferential regression analysis statistics were employed to test the hypotheses at 

a 0.05 significance level using the Statistical Package for Social Sciences (SPSS) version 23. 

Testing the moderating Influence of a cognitive style on the relationship between creativity and 

cognitive style requires showing that the nature of the relationship between creativity and cognitive 

style changes with the change in cognitive style. This is achieved by adding the interaction term 
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(product of creativity and cognitive style) in the model and inspecting if the addition brings a more 

significant contribution to the variance in programming achievement than without it. Specifically, 

the following steps were conducted: 

 

1. All variables were standardised to avoid multicollinearity and to ease interpretation after 

analysis. This is achieved by centring the creativity and cognitive style data. 

2. A dummy interaction term was calculated using centred creativity and cognitive style. 

3. A regression model was fitted in block 1 to determine the contribution of creativity and 

cognitive style to the students’ achievement in programming. To proceed, the contribution 

of creativity and cognitive style, as indicated by R2, should be significant. 

4. An interaction term was added to the previous model as block 2 and examined for 

significance. If both the R2 change and the effect of the interaction terms are significant, 

then moderation is occurring. Meanwhile, complete moderation occurs when creativity and 

cognitive style are not significant when the interaction term is added. 

5. Decision: If creativity and cognitive style are significant with the interaction term, 

moderation has occurred and has a significant main effect. However, SPSS does not 

provide conditional effects of the focal predictor at moderator levels. Therefore, the 

PROCESS macro by Andrew F. Hayes should be used to determine these effects if the R2 

change is significant with the addition of the interaction term. (Uedufy, 2023). 

 

RESULTS 

The results are presented according to the descriptive analysis and hypotheses tested at the 0.05 

significance level. 

 

Descriptive Results 

Table 1 presents the results for male and female students’ achievement in programming, along with 

their respective cognitive styles and creativity in the subject. The dataset includes 130 male 

students and 140 female students. 

 

Table 1 

Respondents’ Achievement Test, Cognitive Style and Creativity in Programming by Gender (N = 

270) 

 

Gender n 
Descriptive 

Statistics 

Achievement in 

Programming 

Cognitive Style in 

Programming 

Creativity in 

Programming 

Female 140 M 12.01 38.21 72.46 
  SD 3.481 9.084 24.039 

Male 130 M 12.12 37.34 67.78 
  SD 3.629 9.310 24.483 

Total 270 M 12.06 37.79 70.21 

  SD 3.547 9.187 24.321 

 

Table 1 shows that female students scored higher with a Mean =38.21, S.D.= 9.084 than 

their male colleagues with a Mean = 37.34, S.D. = 9.310 on the Cognitive Style Inventory. 

Similarly, female students obtained a higher mean score with a Mean = 72.46, S.D.=24.039 than 
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the male students with a Mean = 67.78, S. D. = 24.483 in Programming Creativity, suggesting 

better adaptability and creativity in programming. The Achievement Test in Programming scores 

are nearly identical for both genders, with females having a mean achievement score of 12.01 and 

S.D.=3.481. In contrast, the males recorded a mean achievement score of 12.12 and S.D.= 3.692, 

indicating similar overall academic achievement in programming. The standard deviations are 

consistent across all categories, showing similar variability in scores for both genders. 

 

Test of Hypotheses 

 

H01: There is no significant relative contribution of creativity to students’ achievement in the 

programming aspect of senior secondary computer studies. 

 

Table 2 

Contribution of Creativity to Students’ Achievement in Programming 

Model 

 Sum of 

Squares df 
Mean 

Square F Sig. 

1 Regression 306.750 1 306.750 26.716 0.000b 
 Residual 3077.179 268 11.482   

 Total 3383.930 269    

 R= 0.301; R2= 0.091; Adjusted R2= 0.087; Std Error = 3.389 

 

 

Table 2 indicates that the contribution of creativity to students’ achievement in 

programming is significant, F (1, 268) = 26.716, p< 0.05. The result shows that creativity contributed 

9.1% to the variance in students’ achievement in programming. Hence, the null hypothesis (H01) 

that creativity does not contribute significantly to students’ achievement in the programming aspect 

of senior secondary computer studies is rejected. 

H02: There is no significant relative contribution of cognitive style to students’ achievement in the 

programming aspect of senior secondary computer studies. 

 

Table 3 

Contribution of Cognitive Style to Students’ Achievement in Programming 
Model Sum of 

Squares 

 Mean 

Square 

  

 df F Sig. 

Regression 379.584 1 379.584 33.860 .000b 

Residual 3004.346 268 11.210   

Total 3383.930 269    

R= 0.335; R2= 0.112; Adjusted R2= 0.109; Std Error = 3.348 

 

Table 3 discloses that the contribution of cognitive style to students’ achievement in 

programming is significant, F (1, 268) 33.860, p< 0.05. The result shows that creativity contributed 

11.2% to the variance in students’ achievement in programming. Hence, the null hypothesis (H02) 

that cognitive style does not contribute significantly to students’ achievement in the programming 

aspect of senior secondary computer studies is rejected. 
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H03: There is no significant joint contribution of cognitive style and creativity to students’ 

achievement in the programming aspect of senior secondary computer studies. 

 

Table 4 

Moderating Influence of Cognitive Style on Contribution of Creativity to Students’ Achievement in 

Programming 
 

     Change Statistics    

Model R R Square 
Adjusted 

R Square 

Std. Error of 

the Estimate 

R Square 

Change (∆R2) 

F Change 

(∆F) df1 df2 
Sig. F 

Change 

1 0.418 0.175 0.169 3.234 0.175 28.289 2 267 0.000 
2 0.419 0.176 0.167 3.238 0.001 0.316 1 266 0.575 

 

 

Table 5 

Analysis of Variance on Moderating Influence of Cognitive Style on Contribution of Creativity to 

Students’ Achievement in Programming  

Model 
 Sum of 

Squares df Mean Square F Sig. 

1 Regression 591.681 2 295.840 28.289 0.000 
 Residual 2792.249 267 10.458   

 Total 3383.930 269    

2 Regression 594.989 3 198.330 18.916 0.000 
 Residual 2788.940 266 10.485   

 Total 3383.930 269    

 

Model 1 Table 5 shows that creativity and cognitive style significantly contributed to 

students’ achievement in programming, F(2, 267) = 28.289, p<0.05. The results in Model 1, Table 5 

indicate that creativity and cognitive style jointly contributed 17.5% of the variance in students’ 

academic achievement. Thus, the null hypothesis (H03) that creativity and cognitive style do not 

jointly contribute significantly to students’ achievement in the programming aspect of senior 

secondary computer studies is rejected. 

H04: There is no moderating influence of cognitive style on the relative contribution of creativity 

to students’ achievement in the programming aspect of senior secondary computer studies. 

 

A hierarchical multiple regression analysis was conducted to test the hypothesis that there 

is no moderating influence of cognitive style on the relative contribution of creativity to students’ 

achievement in the programming aspect of senior secondary computer studies. First, creativity and 

cognitive style were included, and their contribution was significant, F(2, 267) = 28.289, p<0.05 

(Model 1, Table 5). They jointly contributed 17.5% of the variance in students’ academic 

achievement. Then, the creativity and cognitive style data were centred to avoid multicollinearity 

with the interaction term. After that, the interaction term was created (product of creativity and 

cognitive style based on centred data) (Aiken & West, 1991) and added to the regression model. 

The results in Model 2, Table 5 revealed a significant contribution of creativity, cognitive style, 

and the interaction term, F(3, 266)= 18.916, p<0.05. According to results in Model 2, Table 4, they 

jointly contributed 17.6% of the variance in students’ achievement in programming but p>0.05. 
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Further check on Table 4 shows that ∆R2 = 0.001, ∆F (1, 266) = 0.316, p>0.05. This outcome means 
that the contribution of 17.6% to variance to academic achievement in programming when the 
interaction term was added to the model is not significantly higher than the 17.5% contributed 
without the interaction term. The results, ∆R2 = 0.001 and ∆F (1, 266) = 0.316, p > 0.05, indicate no 
evidence of moderation influence of cognitive style on the relative contribution of creativity to 
students’ achievement in programming. This outcome implies that the contribution of creativity to 
the variance in programming achievement is similar for students with adaptation and innovation 
cognitive styles. Hence, the null hypothesis (H04) that there is no moderating influence of cognitive 

style on the relative contribution of creativity to students’ achievement in the programming aspect 
of senior secondary computer studies is retained, and the Hayes process method is unnecessary. 

 

DISCUSSION 

 

This study was conceived to determine if cognitive styles moderate the contribution of creativity 

to students’ programming learning. Four null hypotheses were formulated and tested at a 0.05 level 

of significance. One hypothesis was that there was no significant relative contribution of creativity 

to students’ achievement in the programming aspect of senior secondary computer studies. 

However, the finding revealed that creativity significantly contributed to students’ achievement in 

programming. This finding aligns with that of Sawaluddin, Syahbudin, Rido, and Ritonga (2022), 

who found that creativity significantly positively impacted students’ learning outcomes at 

Madrasah Tsanawiyah NurulYaqin, Pekanbaru. It also concurs with the findings from the 

systematic literature review by Lutfiani (2021), which concluded that creativity significantly 

influenced students’ achievement because creative ways of instructional delivery encourage 

students’ absorption of the lesson materials. Conversely, the finding is at variance with that of Saka 

et al. (2021), which revealed no significant effect of creativity on students’ programming learning. 

The finding on the significant contribution of creativity to students’ programming learning 

is not surprising because programming is a creativity enterprise with no one correct answer, and it 

is about generating many ideas that work to solve a given problem. Hence, creativity is a must- 

have skill for learners to write effective computer programs. In addition, the finding that 9.1% of 

the variance in students’ achievement in programming is heartwarming. This outcome suggests 

that creativity is a potent factor in determining students’ learning of computer programming. It 

also means that creativity can help learners reduce extraneous cognitive load by making the 

material more engaging and exciting, which makes them focus on the task at hand and avoid getting 

lost. This finding aligns with that of Ugur (2023), who examined the effects of creativity on 

students’ academic achievement through a meta-analytical approach and reported a significant role 

of creativity in learning. 

Similarly, the study guessed tentatively that cognitive style has no significant relative 

contribution to students’ achievement in the programming aspect of senior secondary computer 

studies. The finding, however, indicated that the contribution of cognitive style to students’ 

achievement in programming is significant. This finding agrees with that of Ifelunni et al. (2022), 

who explored cognitive styles as predictors of academic achievement among students in South 

East Nigeria and reported a significant relationship between cognitive style and academic 

performance. It also resonates with that of Eriba et al. (2021), who showed a significant effect of 

cognitive style on students’ academic achievement and recommended that teachers strive for 

instructional strategies favouring learners’ diverse cognitive styles. This finding connotes that 

cognitive style, the way students process and understand information, impacts programming 
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learning. It can help reduce extraneous cognitive load when materials are presented in a way that 

is compatible with the learner’s cognitive style because learners have fewer cognitive resources to 

process the information. This may explain why learning programming is complicated for some 

students and more accessible for others. Based on this finding, teachers should deliver classroom 

instruction to cater to the various learners’ cognitive styles because doing this will make learning 

more attractive to them. 

In an attempt to determine the moderating influence of cognitive style on the contribution 

of creativity to students’ programming learning, it was hypothesised that there was no significant 

joint contribution of cognitive style and creativity to students’ achievement in the programming 

aspect of senior secondary computer studies. However, the study found that cognitive styles and 

creativity jointly contributed significantly to students’ programming learning. This shows that both 

variables are potent factors that should be given a premium in learning computer programming. 

The finding that creativity and cognitive style jointly contributed 17.5% of the variance in students’ 

academic achievement means that these variables accounted for about 17.5% of their achievement 

in programming. Thus, curriculum developers and teachers should always factor these variables in 

preparing curriculum and lesson delivery to create an enduring learning experience for the learners. 

Meanwhile, with the interaction term added to the regression analysis, the study found that 

the contribution of the product of creativity and cognitive style was insignificant. It only accounted 

for 17.6%, implying no evidence of a significant moderating influence of students’ cognitive type 

on how their creativity contributes to achievement in programming. This finding further suggests 

that the contributions of creativity to achievement in programming learning of students with 

adaptation and innovation cognitive styles are similar. These findings contradict Zhou et al. (2016), 

who stated that cognitive style moderated the relationship between creativity and academic 

achievement, such that intuitive students who were also creative had higher academic achievement 

than intuitive students who were not creative. They also vary with Oztunc (2013), that cognitive 

style moderated the relationship between individuals with creative potential and creative 

performance. A plausible explanation for the outcome is that cognitive style may not have the 

power to moderate the relationship between creativity and achievement in programming because 

cognitive style does not significantly determine what a learner achieves in programming once they 

are creative. Another reason may be due to the sample size of this study, which is 270 participants. 

With a large number of participants, enough statistical power may be produced to detect a 

significant interaction effect. Similarly, the interaction effect may be weak, which may improve 

even when the sample size increases. 

The findings of this study are deeply rooted in Cognitive Load Theory (CLT), which 

provides a framework for understanding how creativity and cognitive style influence students’ 

programming learning by managing cognitive resources effectively during the learning process. 

The significant contribution of creativity to students’ programming achievement aligns with CLT’s 

emphasis on minimizing extraneous cognitive load while enhancing germane cognitive load. 

Programming inherently involves solving complex problems with no single correct answer, 

requiring creativity to generate innovative solutions. Creativity allows students to engage deeply 

with programming tasks, making the material more interesting and reducing distractions. This 

helps learners focus their cognitive resources on essential aspects of the task, fostering schema 

construction and refinement as they integrate new programming concepts into their existing 

knowledge. 

Cognitive style also significantly contributes to programming achievement, as 

demonstrated in this study, further underscoring its relevance to CLT. Cognitive style determines 
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how learners process and understand information, influencing their ability to allocate cognitive 

resources effectively. Instructional materials designed to align with a learner’s cognitive style— 

whether adaptive (structured and rule-based) or innovative (exploratory and creative)—help 

reduce extraneous cognitive load by minimizing mismatches between the information presentation 

and the learner’s preferred processing style. Cognitive style frees up working memory capacity by 

reducing extraneous load, enabling learners to focus on germane loads, such as refining their 

understanding of programming concepts. Moreover, the study revealed that creativity and 

cognitive style jointly contributed significantly to programming learning, accounting for 17.5% of 

students’ programming achievement variance. This suggests that combining creative approaches 

with instructional designs that align with cognitive styles creates a supportive learning 

environment. Another finding indicates that creativity contributes to programming achievement 

similarly across different cognitive styles. Regarding CLT, creativity’s role in reducing extraneous 

load and enhancing germane load appears universal, irrespective of individual differences in 

cognitive style. 

These findings have critical implications for programming education. Teachers should 

prioritize fostering creativity through open-ended problem-solving tasks and opportunities for 

students to experiment with multiple solutions. At the same time, instructional materials should be 

designed to accommodate diverse cognitive styles, ensuring all learners can effectively engage 

with and process the content. By doing so, educators can optimize cognitive load distribution, 

enabling students to maximize their learning potential. 

Curriculum developers should also integrate creativity and cognitive style as core 

components of programming education. Designing curricula that emphasize both adaptive and 

innovative problem-solving alongside tailored instructional approaches can create enduring 

learning experiences that prepare students for the demands of programming and other creative 

problem-solving domains. Ultimately, this study underscores the importance of balancing 

cognitive loads through creativity and cognitive style, aligning with the principles of Cognitive 

Load Theory to enhance programming learning outcomes. 

 

CONCLUSIONS 

 

The objective of this study was to determine if cognitive style moderates the contribution of 

creativity to students’ learning in programming for effective contribution to the AI-dominated 

economy. It was established that creativity and cognitive style both contribute significantly to 

students’ programming learning. However, there was no evidence of a significant moderating 

influence of cognitive style on the contribution of creativity to achievement in programming. This 

result suggests that the contributions of creativity to achievement in programming learning of 

students with adaptation and innovation cognitive styles are similar. The implication of this finding 

to teaching practice is that teachers should always devise methods of improving learners’ creativity. 

This can be ensured by giving them essay questions that will be thought-provoking instead of 

multiple-choice, which depends most of the time on guesswork. 

Based on these findings, the study recommends that curriculum developers and teachers 

always factor in creativity and cognitive style when preparing curriculum and lesson delivery to 

create an enduring learning experience for the learners. This finding beckons the teachers to 

enhance learners’ creativity to improve their programming learning, which will, in turn, prepare 

them to contribute to constructing AI tools. It is also suggested that teachers deliver classroom 

instruction to cater to the various learners’ cognitive styles because doing this will make learning 
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more attractive. Further research is needed to investigate the moderating influence of cognitive 

style on the contribution of creativity to achievement in programming with a larger sample size. 
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