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Abstract—This study investigates the challenges faced by 

introductory-level Information and Communications 

Technology (ICT) higher education students in learning Python 

programming and examines the potential of using a hybrid 

board game as a formative assessment tool. A needs analysis was 

conducted through a survey of 143 diploma-level students, 

focusing on their understanding of Python topics, difficulties 

encountered, and preferred learning methods. Key challenges 

identified include difficulties in understanding advanced topics, 

debugging, and program design. The study adopts a Design and 

Development Research (DDR) approach, with this paper 

focusing on the initial needs analysis phase. The results highlight 

a demand for interactive, formative tools to enhance 

programming comprehension and motivation. Findings will 

inform the design of a hybrid board game that blends physical 

and digital elements to improve programming comprehension, 

support formative assessment, and foster learner engagement. 

Future research will focus on developing the game, defining its 

components, aligning game mechanics with educational goals, 

and evaluating its usability and effectiveness. 

 
Keywords—needs analysis, higher education, hybrid board 

game, python programming, formative assessment, 

programming learning difficulties 

I. INTRODUCTION 

Introductory programming courses are foundational 

components in higher education curricula for Information 

Technology (IT), Computer Science (CS), and related fields. 

These courses, typically offered in the early stages of 

undergraduate programs, are designed to equip students with 

algorithmic thinking and problem-solving skills through 

exposure to essential programming concepts such as 

abstraction, data structures, control flow, and software 

development principles [1]. Languages like Python and Java 

are frequently chosen for instruction due to their readability 

and relevance in industry applications [2, 3]. 

Despite the critical importance of these courses, many 

introductory-level learners encounter persistent challenges in 

mastering programming. Students often struggle to 

understand abstract concepts, debug code effectively, and 

design functioning programs [4, 5]. These difficulties can 

impede learning, reduce motivation, and negatively impact 

academic performance [6]. In the Malaysian higher education 

context, diploma-level Information and Communications 

Technology (ICT) students similarly face these challenges, 

which are compounded by the lack of interactive, engaging, 

and accessible instructional tools that cater to their learning 

needs [7]. 

Although digital learning tools have advanced significantly 

in recent years, there is still a notable gap in the availability 

of hybrid educational tools, which refer to learning 

environments that combine both physical and digital 

components, especially in programming education. Hybrid 

tools offer the potential to engage students more holistically 

by combining tactile, visual, and interactive elements [8, 9]. 

The limited use of such tools in programming education 

highlights a missed opportunity to enhance formative 

assessment and support concept mastery [10]. 

To address this gap, this study investigates the specific 

learning needs of introductory-level ICT students in Python 

programming. The aim is to identify how a hybrid board 

game could be developed to align with these needs and serve 

as a formative assessment tool. Accordingly, this paper 

addresses the following research questions: 1) What are the 

learning needs of introductory-level ICT higher education 

students in mastering computer programming concepts? 2) 

How can a hybrid board game be designed to address these 

learning needs and function as a formative assessment tool? 

To contextualize this study, a literature review is presented 

in the next section, highlighting key challenges in 

programming education, limitations of existing tools, and the 

theoretical frameworks guiding this research. 

II. LITERATURE REVIEW 

A. Challenges in Learning Programming 

Students encountering programming for the first time often 

face considerable challenges that affect their comprehension 

and performance. These difficulties stem largely from the 

abstract and logical nature of programming, which demands 

a high level of cognitive engagement. Introductory-level 

learners commonly struggle with understanding syntax, 

applying logical structures, and debugging errors [4]. 

Debugging is particularly difficult, as many students lack the 

skills to systematically identify and correct errors, often 

leading to frustration and disengagement [11]. In addition, 

misconceptions about program behavior and incomplete 

conceptual understanding further impede learning [5], 

especially among ICT diploma students in Malaysian 

institutions who often lack tailored support tools [7]. 

B. Limitations of Current Programming Education Tools 

To address the challenges faced by introductory-level 

programmers, educators have developed a range of digital 
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tools, including block-based environments (e.g., Scratch, 

Blockly), text-based platforms (e.g., Repl.it, Codecademy), 

and game-based tools (e.g., CodeCombat, LightBot). These 

tools aim to simplify programming logic, reduce syntactic 

complexity, and enhance motivation through gamification 

and interactive feedback [12, 13]. 

While effective in supporting certain aspects of learning, 

such tools often share critical limitations. Many operate in 

fully digital environments that prioritize individual learning, 

lacking physical interaction and social collaboration, which 

are the factors known to support memory, motivation, and 

reduced cognitive load [14]. Block-based tools are helpful for 

beginners but may hinder the transition to text-based 

languages, as they often abstract away syntax and deeper 

problem-solving processes [7]. Text-based platforms provide 

real-world coding experience but tend to overlook tactile and 

peer-based engagement [15]. Similarly, digital game-based 

tools gamify logic practice but generally omit hands-on 

interaction and social feedback loops [13]. 

C. Potential and Application of Hybrid Board Games 

Game-based learning has gained significant traction for its 

ability to enhance learner engagement, motivation, and 

knowledge retention across diverse disciplines [16]. Hybrid 

board games, which combine tangible components with 

digital interfaces [17], offer a unique educational advantage 

by integrating physical interaction with immediate feedback 

mechanisms. These games have been successfully 

implemented in domains such as chemistry [18, 19], 

environmental science [9], and teacher education [20], where 

they have been shown to foster collaboration, engagement, 

and deeper conceptual understanding. 

However, no hybrid board games have yet been developed 

specifically for programming education in higher education. 

Existing tools in this field remain primarily digital, such as 

mobile apps or online coding platforms [10, 21]. While these 

digital tools can gamify learning and provide automated 

feedback, they often fail to incorporate the tactile and social 

learning benefits offered by hybrid games.  

This gap represents a missed opportunity to support 

introductory-level programming learners through physical-

digital integration. Therefore, this study proposes the future 

development of a hybrid board game tailored to Python 

programming, drawing on proven successes in other subject 

areas to introduce an engaging, formative, and multimodal 

approach to programming education. 

D. Theoretical Frameworks Supporting Game-Based 

Learning 

The design of effective educational games should be 

grounded in sound learning theories. Cognitive Load Theory 

(CLT) is especially relevant for programming education, 

where learners must process abstract information and manage 

multiple cognitive demands simultaneously. CLT emphasizes 

optimizing intrinsic cognitive load while minimizing 

extraneous load through instructional strategies such as 

worked examples, scaffolding, and interactive  

feedback [22, 23]. These strategies can be incorporated into 

game mechanics to improve learning outcomes and reduce 

cognitive overload. 

In parallel, Constructivist Learning Theory underscores the 

importance of active, experiential, and socially situated 

learning. Rooted in the works of Piaget and Vygotsky, 

constructivism asserts that learners construct knowledge 

through interaction with their environment and collaboration 

with peers. In programming education, this is reflected in 

practices like project-based learning, peer debugging, and 

hands-on activities [16]. Hybrid board games, by nature, 

embody constructivist principles by enabling students to learn 

through doing, sharing, and exploring within a structured yet 

engaging environment. These theories collectively support 

the development of educational games that reduce cognitive 

barriers and foster collaborative, active learning, making 

them particularly suitable for addressing the challenges faced 

by introductory-level programming students. 

E. Contextual Justification for Game Design 

Given the challenges faced by introductory-level 

programming students, the promising outcomes of hybrid 

games in other educational contexts, and the alignment with 

Cognitive Load Theory and constructivist learning principles, 

there is a strong case for incorporating hybrid board games 

into programming instruction. However, the success of such 

a tool depends on a clear understanding of learners’ specific 

needs and preferences. Conducting a needs analysis is 

therefore a critical first step toward designing a pedagogically 

grounded and contextually relevant educational hybrid board 

game. This study addresses this gap by examining the 

experiences and expectations of diploma-level ICT students 

at a private higher education institution in Malaysia, offering 

context-specific insights that can inform the initial stages of 

educational game development. 

III. METHODOLOGY 

A. Study Design 

Design and Development Research (DDR) is dedicated to 

creating new knowledge and validating existing  

practices [24]. It operates on theory, drives action, and centres 

on participants, merging pragmatic design with traditional 

research methods [25]. DDR is divided into two types: Type 

1, which focuses on research on products and tools, and Type 

2, which focuses on research on design and development 

models. DDR’s empirical nature often mirrors scientific 

problem-solving processes. 

This study employed DDR Type 1. The DDR Type 1 

approach in this study provides a substantial method for 

addressing the gap in understanding and application of 

programming concepts by introductory-level ICT higher 

education students. Additionally, this research design was 

chosen because it allows the researcher to evaluate the 

usability and acceptance of a hybrid board game as a 

formative assessment tool for reinforcing programming 

concepts. 

B. Population and Study Sample 

In the context of this study, the research population 

comprises introductory-level students pursuing a Diploma in 

Information and Communication Technology (ICT) at a 

Private Higher Education Institution in Klang Valley, 

Malaysia. These students, who have already completed the 

introductory programming course, Programming with Python 

(PWP), have been purposefully selected for this study based 

on their characteristics and their willingness to participate. 
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The average number of students enrolled in the 

introductory computer programming course of the Diploma 

across four intakes in 2023 is 172. The minimum sample size 

is calculated using Cochran’s [26] formula and Krejcie & 

Morgan’s [27] method. According to these calculations, the 

sample size for this study should be at least 120 to ensure the 

findings are representative of the population. A total of 143 

respondents voluntarily answered the survey, which exceeds 

the minimum required sample size and ensures robust and 

representative findings. 

C. Study Instrument 

For the purposes of this research, a cross-sectional survey 

was utilized. The survey is designed to identify the needs of 

introductory-level ICT higher education students when 

learning computer programming concepts. It is organized into 

the following sections: 1) Demographic background, 2) Level 

of understanding of different Python programming topics, 3) 

Difficulties while learning programming, 4) Situations that 

would help to learn programming more effectively, 5) 

Materials that would help to learn programming, 6) Factors 

that lead to perform poorly in programming subject, and 7) 

Level of agreement with using interactive environment in 

learning programming. The survey items are adapted from 

Tan et al. [28]. The questionnaires were distributed via 

Microsoft Forms. A 4-point Likert scale was used for section 

2, with the following scale: 1 = Never Use, 2 = Weak, 3 = 

Moderate, 4 = Strong. For sections 3 to 5, a 5-point Likert 

scale was used, with the following scale: 1 = strongly disagree, 

2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 

= strongly agree. The reason for using different Likert scales 

is to accurately capture the varying degrees of understanding 

and agreement among the respondents [29]. 

The survey consisted of seven sections designed to assess 

students’ programming learning needs. The complete set of 

questionnaire items is provided in Appendix A. 

D. Validity and Reliability of the Instrument 

The importance of an instrument’s validity and reliability 

is emphasized to ensure accurate measurements [30]. The 

survey questionnaires underwent thorough consideration for 

their validity and reliability. In this study, content validation 

was carried out by experts in the field of computer science 

education. All experts agreed on the face validity, content 

validity, and construct validity of the questionnaire. 

A pilot study involving 35 students was conducted to 

assess the reliability of the instrument and refine the 

questionnaire items. A reliability analysis using Cronbach’s 

Alpha was then performed to evaluate the internal 

consistency of the questionnaire items. Cronbach’s Alpha 

values greater than 0.9 are considered very high and 

acceptable, while values ranging from 0.7 to 0.89 are also 

acceptable and indicate high internal consistency. Values 

between 0.30 and 0.69 are considered average but still 

acceptable, although they reflect lower reliability [31]. 

Although the survey employed both 4-point and 5-point 

Likert scales across different sections to suit the specific 

nature of the constructs being measured, the internal 

consistency of each section was assessed independently. 

Cronbach’s Alpha was calculated separately for each scale 

type, ensuring that the use of different Likert formats did not 

compromise the reliability of the responses. This approach 

maintained methodological rigor and supported the 

robustness of the instrument’s design. 

Two sections were not subjected to Cronbach’s Alpha 

analysis. First, the demographic background section collects 

factual information rather than measuring a latent construct, 

making internal consistency analysis unnecessary [32]. 

Second, Section 7 contains only one item, and Cronbach’s 

Alpha requires multiple items to assess internal consistency; 

therefore, calculation is not applicable in this case [33]. 

As presented in Table 1, the Cronbach’s Alpha values for 

all applicable sections exceeded 0.7, indicating that the 

questionnaire demonstrates high reliability. 
 

Table 1. Cronbach’s Alpha values for survey sections 

No Section 
Cronbach’s 

Alpha 
N of 

Items 
1 Demographic background - 2 

2 
Level of understanding of different 

Python programming topics 
0.893 15 

3 Difficulties while learning programming 0.850 7 

4 
Situations that would help to learn 

programming more effectively 
0.710 4 

5 
Materials that would help to learn 

programming 
0.857 7 

6 
Factors that lead to perform poorly in 

programming subject 
0.843 8 

7 
Level of agreement with using 

interactive environment in learning 

programming 
- 1 

 

E. Data Analysis 

The collected data were descriptively analyzed to derive 

percentage figures, mean values, and standard deviations. 

The instruments aimed to identify the specific needs of 

introductory-level ICT higher education students in learning 

computer programming concepts. It also aided in identifying 

the requirements needed for the design and development of a 

hybrid board game for formative assessment in Python 

programming. The levels of understanding of different 

Python programming topics, difficulties while learning 

programming, situations that would help to learn 

programming more effectively, materials that would help to 

learn programming, factors that lead to poor performance in 

programming subjects and level of agreement with using 

interactive environment in learning programming were 

analyzed in terms of percentages, mean values, and standard 

deviations. Table 2 presents the interpretation of mean values, 

adapted from Sullivan & Artino [34]. 
 

Table 2. Interpretation guide for mean values based on Likert scales 

Section with… Mean Value Interpretation 

4-point Likert scale 

0.00–0.75 Low understanding 

0.76–1.50 Weak understanding 

1.51–2.25 Moderate understanding 

2.26–3.00 Strong understanding 

5-point Likert scale 

1.00–2.33 Low agreement 

2.34–3.67 Moderate agreement 

3.68–5.00 Strong agreement 

 

To explore deeper relationships between variables, 

inferential analyses were conducted. Pearson correlation 

analysis was used to examine associations between students’ 

programming difficulties and their understanding of Python 

topics. Pearson’s r is appropriate for identifying linear 

relationships between continuous variables and is widely 

used in educational research when examining associations 
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among survey-derived scales [35, 36]. 

Additionally, multiple linear regression analysis was 

employed to identify significant predictors of students’ 

agreement with using interactive learning environments. This 

method allows for the assessment of how multiple 

independent variables (e.g., learning difficulties, preferences, 

material usefulness) collectively influence a dependent 

variable, offering predictive insights that go beyond 

correlation alone [37]. All statistical analyses were conducted 

using IBM SPSS Statistics Version 29. 

IV. RESULTS AND DISCUSSION

Based on the results of need analysis, the students’ needs 

in learning computer programming concepts which includes 

the 1) Demographic background, 2) Level of understanding 

of different Python programming topics, 3) Difficulties while 

learning programming, 4) Situations that would help to learn 

programming more effectively, 5) Materials that would help 

to learn programming, 6) Factors that lead to perform poorly 

in programming subject, and 7) Level of agreement with 

using interactive environment in learning programming are 

analyzed and discussed. 

A. Demographic Background

To better understand the background of the participants in 

this study, demographic data were collected. This information 

provides insight into the age distribution and the types of 

devices owned by the students, which may influence their 

learning experiences and preferences. In Malaysia, students 

can directly join a diploma program after completing 

school [38], which means that the participants in this study 

are introductory-level students in higher education. The 

demographic attributes of the respondents are summarized in 

the Table 3 below. 

Table 3. Demographic background of respondents 

Item Demographic attribute Frequency (n) % 

Age 18–28 years 143 100 

Device 

owned 

Mobile phone 143 100 

Desktop 2 1.40 

Tablet 23 16.08 

Laptop 143 100 

The demographic data indicate that all participants are in 

between 18 to 28 years old. Additionally, all participants own 

a mobile phone and a laptop, which suggests that these 

devices are the primary tools for their learning activities. The 

ownership of tablets and desktops is less common. 

Understanding these demographic characteristics is crucial 

for tailoring the design of the hybrid board game to meet the 

specific needs and preferences of these introductory-level 

ICT students in higher education. 

B. Level of Understanding of Different Python

Programming Topics

Before designing the hybrid board game for formative 

assessment, it is essential to understand students’ levels of 

comprehension across various Python programming topics. 

This analysis involved evaluating students’ understanding of 

15 programming topics. Students rated their level of 

understanding using a 4-point Likert scale, where 1 = Never 

Use, 2 = Weak, 3 = Moderate, and 4 = Strong. The descriptive 

findings are presented in Fig. 1 and Table 4. 

The results indicate that students demonstrated varying 

levels of understanding across different programming topics. 

Generally, students showed stronger comprehension in basic 

programming concepts such as Variables and Data Types 

(Mean = 2.20, SD = 0.64), Input/Output Handling (Mean = 

2.18, SD = 0.62), and Logic Structures: Decision (Mean = 

2.14, SD = 0.64) and Iteration (Mean = 2.20, SD = 0.60). 

These topics exhibited relatively higher mean scores and 

lower standard deviations, suggesting a more consistent 

understanding among the students. 

Fig. 1. Mean understanding scores for python programming topics. 

Table 4. Mean and Standard Deviation (SD) of understanding of python 

programming topics 

Python Programming Topics Mean SD 

1. Logic Structures: Iteration (Loop structures) 2.2 0.6 

2. Variables and Data Types 2.2 0.64 

3. Input/Output Handling 2.18 0.62 

4. Logic Structures: Decision (Selection 

structures, If, Else, Elif) 

2.14 0.64 

5. String Manipulation 1.92 0.59 

6. Functions 1.87 0.57 

7. Math Operations 1.76 0.7 

8. Logic Expressions (and, or, not) 1.72 0.61 

9. Lists 1.42 0.68 

10. File Handling 1.42 0.81 

11. Sets 1.41 0.74 

12. Dictionaries 1.31 0.73 

13. Lambda Functions 1.29 0.81 

14. Error/Exception Handling 1.2 0.85 

15. Tuples 1.15 0.74 

Conversely, students exhibited greater difficulties with 

more advanced topics, including Logic Expressions (Mean = 

1.72, SD = 0.61), Lambda Functions (Mean = 1.29, 

SD = 0.81), and Error/Exception Handling (Mean = 1.20, 

SD = 0.85). The lower mean scores and higher standard 

deviations for these topics suggest variability in student 

comprehension and highlight areas where additional 

instructional support may be needed. 

In designing the hybrid board game for Python 

programming formative assessment, it is important to apply 

principles from Constructivist Learning Theory [39, 40], 

which emphasize building on learners’ prior knowledge and 

providing scaffolding [16]. Accordingly, the board game 

should introduce foundational concepts, such as Variables 

and Data Types and Input/Output Handling, early in 

gameplay, gradually progressing toward more complex 

topics like Logic Expressions and Error/Exception Handling. 

This scaffolded approach ensures that learners consolidate 
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their understanding of basic programming concepts before 

engaging with more advanced material. Incorporating 

interactive elements, immediate feedback, and collaborative 

learning opportunities within the game design can further 

enhance engagement and facilitate deeper mastery of Python 

programming concepts. 

C. Difficulties While Learning Programming 

The next part of the needs analysis aimed to identify the 

specific challenges that introductory-level higher education 

students face while learning programming. Understanding 

these difficulties is crucial for informing the design of the 

hybrid board game, ensuring it effectively addresses students’ 

needs and supports their learning process. Students rated their 

level of agreement with various difficulty statements using a 

5-point Likert scale, where 1 = Strongly Disagree and 5 = 

Strongly Agree. The descriptive findings are summarized in 

Table 5. 
 

Table 5.  Mean and Standard Deviation (SD) of students’ reported 

difficulties in learning programming 

Difficulties while learning programming Mean SD 

1. Designing a program to solve certain task 3.27 0.88 

2. Dividing functionality into procedures 3.23 0.87 

3. Learning the programming language syntax 3.20 0.92 

4. Finding bugs from my own program 3.48 0.93 

5. Understanding basic concept of 

programming structures 
2.96 1.02 

6. Using program development environment 3.10 0.93 

7. Gaining access to computers/ networks 2.92 1.04 

 

The results reveal that students encounter significant 

challenges across several areas of programming. The highest 

mean score (Mean = 3.48, SD = 0.93) was observed for 

“Finding bugs from my own program”, indicating that 

debugging is a major difficulty among students. Other notable 

challenges include “Designing a program to solve certain 

tasks “(Mean = 3.27, SD = 0.88) and “Dividing functionality 

into procedures” (Mean = 3.23, SD = 0.87). According to the 

interpretation of mean values, these difficulties fall within the 

range of moderate agreement (Mean 2.34–3.67), suggesting 

they are commonly experienced issues among students at the 

introductory level of programming. 

These findings align with previous research, which 

highlights debugging, problem-solving, and understanding 

programming structures as persistent challenges for 

beginners [11, 41]. Without targeted interventions, these 

obstacles can hinder students’ learning experiences and 

progression in programming education. 

Addressing these challenges is essential in the design of the 

hybrid board game. Specific modules and activities should be 

incorporated to directly tackle these areas, such as including 

debugging exercises, providing structured guides for program 

design, and offering scaffolded tasks that focus on breaking 

down functionalities into procedures. By targeting these key 

difficulties, the hybrid board game can serve as a formative 

assessment tool that supports students in overcoming their 

obstacles and improving their overall programming skills. 

D. Situations That Would Help Students Learn 

Programming More Effectively 

This part of the needs analysis questionnaire explored the 

learning environments and methods that students believe 

would enhance their ability to learn programming. 

Understanding students’ preferred learning contexts is 

essential for designing educational tools that align with their 

needs and learning styles. Students rated each situation on a 

5-point Likert scale, where 1 = Strongly Disagree and 5 = 

Strongly Agree. The descriptive findings are summarized in 

Table 6. 
 

Table 6. Mean and Standard Deviation (SD) of preferred situations for 

learning programming 

Situations that would help to learn 

programming more effectively 
Mean SD 

1. In lecture, practical or lab sessions 3.84 0.88 

2. Consultation or discussion with lecturers, tutors, 

seniors or friends 
3.92 0.87 

3. In small group exercise sessions 3.62 0.96 

4. While working alone on programming 
coursework 

3.57 0.95 

 

The results indicate that students perceive certain 

environments as more conducive to learning programming 

effectively. The highest mean score (Mean = 3.92, SD = 0.87) 

was recorded for “Consultation or discussion with lecturers, 

tutors, seniors, or friends”, suggesting a strong preference for 

collaborative and interactive learning experiences. Other 

highly rated situations include “In lecture, practical, or lab 

sessions” (Mean = 3.84, SD = 0.88) and “In small group 

exercise sessions” (Mean = 3.62, SD = 0.96). “While working 

alone on programming coursework” also received a relatively 

high score (Mean = 3.57, SD = 0.95), although slightly lower 

than collaborative scenarios. 

These preferences align with prior research on 

programming education, which emphasizes the importance of 

social learning and collaborative engagement. Collaborative 

learning environments, where students can interact with peers 

and instructors, have been shown to enhance both learning 

outcomes and student motivation [16]. For instance, 

Daradoumis et al. [42] reported that distributed online 

programming environments that promote collaboration 

significantly improve students’ self-efficacy and intrinsic 

motivation. Additionally, the inclusion of practical exercises 

and lab-like simulations has been found to reinforce 

programming skills and enhance student engagement [43]. 

These findings underscore the need to incorporate 

collaborative and interactive elements into the design of the 

hybrid board game. The game should facilitate opportunities 

for discussion, peer consultation, and teamwork, potentially 

through multiplayer modes or team-based challenges. 

Furthermore, embedding practical exercises and simulated 

lab activities within the game can replicate the types of 

learning environments that students find most effective, 

thereby enhancing engagement and supporting the 

development of programming competencies. 

E. Materials That Would Help to Learn Programming 

Following the identification of preferred learning 

situations, the needs analysis also explored the types of 

learning materials that students believe would aid their 

programming education. Understanding these preferences is 

crucial for designing educational tools that align with 

students’ learning needs and styles. Students rated each 

material on a 5-point Likert scale, where 1 = Strongly 

Disagree and 5 = Strongly Agree. The descriptive findings are 

presented in Table 7. 

The results indicate that students highly value certain 
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materials for supporting their programming learning. The 

highest mean score (Mean = 3.93, SD = 0.94) was observed 

for “Example programs”, suggesting that students strongly 

prefer practical examples that demonstrate real applications 

of programming concepts. Other materials receiving high 

mean scores include “Exercise questions and answers” (Mean 

= 3.90, SD = 0.91) and “Interactive visualizations” (Mean = 

3.90, SD = 0.89), both falling within the strong agreement 

range (3.68–5.00). These results underscore the importance 

of integrating diverse, interactive, and practical learning 

materials to accommodate different learning styles and 

enhance students’ comprehension. 
 

Table 7. Mean and Standard Deviation (SD) of preferred learning materials 

Materials that would help to learn 

programming 
Mean SD 

1. Example programs 3.93 0.94 
2. Exercise questions and answers 3.90 0.91 

3. Interactive visualizations 3.90 0.89 

4. Programming course book 3.41 0.95 
5. Still pictures of programming structures 3.46 0.93 

6. Lecture notes 3.63 0.89 

7. Forums 3.56 0.88 

 

These findings align with previous research, which 

emphasizes the effectiveness of using practical examples and 

interactive elements in programming education. Rovshenov 

and Sarsar [41] found that exposure to practical programming 

examples significantly enhances student learning outcomes 

and academic success. Similarly, Anindyaputri et al. [44] 

emphasized the importance of adaptive learning systems that 

offer interactive visualizations and exercises tailored to 

diverse learner needs. 

Incorporating these preferred materials into the design of 

the hybrid board game can enhance its effectiveness as a 

formative assessment tool. The game can integrate features 

such as embedded example programs, exercise-based 

challenges, and interactive visualizations that simulate real-

world programming applications. This approach aligns with 

findings from Adipat et al. [16], who highlighted the value of 

practical examples in game-based learning environments. 

Furthermore, offering varied exercise questions supports 

repeated practice and skill reinforcement, as advocated by 

Videnovik et al. [21]. The use of interactive visualizations 

within the game can also help students better grasp complex 

programming concepts, consistent with the findings of 

Chukusol et al. [10] in their work on hybrid learning 

platforms using virtual board games. 

F. Factors that Lead to Perform Poorly in Programming 

Subject 

The needs analysis questionnaire also investigated the 

factors that students perceive as contributing to poor 

performance in programming subjects. Identifying these 

barriers is critical for informing strategies to enhance learning 

effectiveness and create more supportive educational 

environments. Students rated each factor on a 5-point Likert 

scale, where 1 = Strongly Disagree and 5 = Strongly Agree. 

The descriptive findings are presented in Table 8. 

The findings reveal that several factors are perceived as 

significant contributors to poor learning outcomes in 

programming. The highest mean score (Mean = 3.78, SD = 

0.88) was recorded for “Less examples in practical use are 

shown”, indicating that students strongly associate a lack of 

practical examples with weaker performance. Other highly 

rated factors include “Syllabi focuses too much on theory” 

(Mean = 3.75, SD = 0.86) and “Syllabi coverage per semester 

is too wide” (Mean = 3.54, SD = 0.93). These factors suggest 

a perceived imbalance between theoretical instruction and 

practical application in current programming curricula. 
 

Table 8. Mean and Standard Deviation (SD) of factors contributing to poor 

performance in programming 

Factors that lead to perform poorly in 

programming subjects 
Mean SD 

1. Less examples in practical use are shown 3.78 0.88 

2. Syllabi focuses too much on theory 3.75 0.86 

3. Syllabi coverage per semester is too wide 3.54 0.93 

4. Lack of interest to learn 3.45 1.02 

5. Learning environment that is not conducive 3.44 0.89 

6. Presentation of instructors and their attention on 
students 

3.29 0.98 

7. Teaching methodology is less effective 3.36 0.95 

8. Computers provided in labs are not functioning well 3.16 1.11 

 

Additional factors such as “Lack of interest to learn” 

(Mean = 3.45, SD = 1.02) and “Learning environment that is 

not conducive” (Mean = 3.44, SD = 0.89) received moderate 

agreement, highlighting the impact of intrinsic motivation 

and external learning conditions on students’ academic 

performance. 

These findings emphasize the need for a more balanced, 

practice-oriented approach to programming education. Prior 

research supports this perspective: Rovshenov and Sarsar [41] 

demonstrated that incorporating practical examples into 

programming education significantly enhances students’ 

learning outcomes and academic success. Similarly, 

Anindyaputri et al. [44] highlighted that an overemphasis on 

theoretical content can reduce student engagement and 

recommended adaptive learning environments that cater to 

diverse learning preferences through interactive and applied 

learning opportunities. 

Addressing these issues through curriculum redesign, such 

as integrating more practical exercises, limiting overly broad 

syllabi, and fostering more engaging and supportive learning 

environments, can significantly improve student performance 

and satisfaction in programming education. 

G. Level of Agreement on Using Interactive Environments 

for Learning Programming 

Following the identification of factors contributing to poor 

performance in programming subjects, the needs analysis 

also examined students’ perceptions of using interactive 

environments to support their programming learning. 

Understanding students’ views on interactive learning is 

crucial for designing educational tools that effectively engage 

and assist them. 

The analysis revealed that students demonstrated a strong 

overall agreement regarding the use of interactive 

environments for learning programming, with a mean score 

of 3.94 and a standard deviation of 1.00. This finding suggests 

that students highly value dynamic and engaging learning 

tools to enhance their understanding, application, and 

retention of programming concepts. 

These results are consistent with previous research 

emphasizing the importance of interactive elements in 

educational design. Adipat et al. [16], for instance, 

highlighted that interactive features in game-based learning 
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significantly enhance student engagement, motivation, and 

learning outcomes. Interactive environments provide 

immediate feedback, promote active learning, and 

accommodate different learning styles, all of which 

contribute to more effective educational experiences. 

H. Inferential Statistical Analysis 

To prepare for inferential statistical analysis, composite 

scores were computed for selected variables. The difficulty 

score was calculated as the mean of the seven items in  

Section III (Difficulties While Learning Programming). The 

collaborative learning preference score was derived by 

averaging two items from Section IV that reflect peer 

interaction: 1) consultation with others, and 2) participation 

in small group exercises. The perceived usefulness of 

instructional materials score was computed as the mean of 

three items from Section V: 1) example programs, 2) exercise 

questions and answers, and 3) interactive visualizations. 

These composite scores were then treated as continuous 

predictor variables in the multiple linear regression analysis. 

To deepen the analysis beyond descriptive statistics, 

inferential techniques were employed to explore relationships 

between students’ programming difficulties, their 

understanding of Python programming concepts, and their 

perceptions of interactive learning environments. 

1) Correlation analysis 

A Pearson correlation analysis was conducted to examine 

the relationship between students’ reported programming 

difficulties and their understanding of Python topics. The 

results indicated a significant negative correlation between 

difficulty in debugging and understanding of advanced 

Python concepts, such as error handling and lambda functions 

(r = −0.42, p < 0.01). Similarly, difficulties in designing 

programs were negatively correlated with understanding of 

functions and data structures (r = −0.37, p < 0.01). These 

findings suggest that students who reported greater difficulty 

in problem-solving and debugging also demonstrated lower 

levels of understanding in key programming areas. 

Furthermore, a positive correlation was observed between 

students’ preference for interactive learning environments 

and their perceived usefulness of visual and example-based 

materials (r = 0.45, p < 0.01). This suggests that students who 

are more inclined toward interactive formats also place high 

value on concrete, practical learning resources. 

2) Regression analysis 

To further explore predictive relationships, a multiple 

linear regression analysis was performed with overall 

agreement on using interactive environments as the 

dependent variable. The independent variables included 

students’ difficulty scores, preference for collaborative 

learning situations, and perceived usefulness of various 

programming materials. 

 

 

  

 

  

statistically significant predictor (p = 0.076), suggesting that 

students’ openness to interactive solutions is more strongly 

influenced by their preferred learning methods and 

instructional materials rather than the challenges they 

encounter during programming tasks. 

These results indicate that while programming challenges 

do exist, students’ openness to interactive learning 

environments is more strongly influenced by their 

engagement preferences and the value they assign to specific 

types of instructional content. Table 9 summarizes the key 

findings from the needs analysis and their direct implications 

for the design of the hybrid board game. 
 

Table 9. Summary of key findings and their implications for hybrid board 

game design 

Key Finding 
Student Need or 

Insight 

Design Implication / 

Game Feature 

Low understanding 

of advanced topics 

(e.g., lambda 
functions, error 

handling) 

Scaffolding is 

needed to build from 

basic to complex 

concepts 

Game levels progress 

from basic syntax to 

complex logic via 

tiered challenges 

Debugging is the 

most difficult task 
reported 

Students lack 
confidence in 

finding and fixing 

bugs 

Include scenario-based 

debugging mini-games 
with feedback hints 

Strong preference 

for collaborative 
learning 

Students prefer peer 

support and 
discussion 

Multiplayer or 
cooperative gameplay 

with team-based 

missions 

High value placed 

on example 

programs and 
interactive 

visualizations 

Students benefit 
from seeing working 

code and visual 

structures 

Game integrates 
example code cards and 

visual aids linked by 

QR codes 

Dissatisfaction with 

theory-heavy syllabi 

Students want more 
hands-on, applied 

practice 

Game includes 
concept-driven, 

scenario-based 

Multiple-choice 
Questions (MCQs) and 

code snippets 

simulating practical 
programming tasks in a 

time-efficient format 

Favorable views of 
interactive 

environments 

Students are open to 
tech-enhanced, 

gamified learning 

Digital integration for 

scoring, feedback, and 
hint systems using 

devices students 

already own 

 

As shown in Table 9, the key findings from the needs 

analysis directly informed the game design features proposed 

for the hybrid board game. Each challenge or preference 

identified among students was translated into a corresponding 

gameplay element aimed at improving learning outcomes. 

This alignment ensures that the game remains pedagogically 

grounded while addressing real student needs, laying a strong 

foundation for the next phase of game development. 

V. PROPOSED CONCEPTUAL FRAMEWORK 

This study developed a conceptual framework to guide the 

design of a hybrid board game aimed at enhancing 

programming education for introductory-level ICT students 

in higher education. The framework is grounded in the 

findings of the needs analysis, which identified common 

challenges students face when learning programming, 

preferred learning environments, favored instructional 

materials, and the positive perception of interactive learning 

environments. 
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The regression model was statistically significant, F(3, 139) 

= 12.45, p < 0.001, and accounted for approximately 21% of 

the variance in students’ agreement with using interactive 

environments (R² = 0.21). The results indicated that 

preference for collaborative learning environments was the 

strongest positive predictor (β = 0.38, p < 0.001), followed by 

the perceived usefulness of interactive visualizations 

(β = 0.29, p = 0.003). In contrast, difficulty scores were not a 



Based on the needs analysis, four major challenges were 

prioritized for instructional intervention: 1) Difficulties with 

debugging, logic structures, and syntax, 2) Strong preference 

for collaborative and practical learning situations, 3) Need for 

accessible, example-based materials and interactive 

visualizations, and 4) Favorable attitudes toward interactive 

and engaging learning environments. 

The conceptual framework proposes aligning these 

identified needs with key design features informed by 

Plass et al. [45], which promote multiple forms of learner 

engagement, which is cognitive, physical, affective, and 

sociocultural engagement. This alignment is intended to 

foster improved programming competencies, increased 

learner motivation, enhanced collaboration, and better 

retention of knowledge. 

The overall framework in Fig. 2 visually represents the 

relationships between students’ learning needs, the targeted 

engagement strategies, and the expected educational 

outcomes. This framework serves as a foundation for the next 

stage of the research, guiding the design and development of 

the hybrid board game and aligning game elements with 

pedagogical objectives. 

Fig. 2. Conceptual framework for designing a hybrid board game for 

programming education. 

As shown in Fig. 2, the conceptual framework illustrates 

how identified student needs are translated into specific 

design features for the hybrid board game. Student challenges, 

such as difficulties with debugging, logic structures, and 

syntax, inform the inclusion of targeted game tasks. Preferred 

learning situations, including collaborative and hands-on 

activities, guide the incorporation of team-based gameplay 

and practical problem-solving exercises. Likewise, students’ 

preference for example programs and visualizations informs 

the inclusion of tangible cards or digital elements that 

illustrate coding concepts. Finally, the strong support for 

interactive learning environments supports the integration of 

real-time feedback features. Collectively, these design 

strategies aim to foster increased motivation, deeper 

engagement, and improved understanding of Python 

programming concepts. 

The following subsection explains how Cognitive Load 

Theory and Constructivist Learning Theory underpin these 

design choices. 

A. Theoretical Integration into Game Design

Building on the four priority challenges identified earlier, 

the hybrid board game design is shaped by Cognitive Load 

Theory (CLT) and Constructivist Learning Theory. 

1) Cognitive load theory

To minimize extraneous load, the interface includes color-

coded rule cards and succinct instructions [46]. Intrinsic load 

is managed through the sequencing of tasks, beginning with 

basic concepts like variable manipulation and gradually 

advancing to more complex topics such as debugging and file 

handling. To enhance germane load, QR-linked hints and 

“worked-example” tiles provide immediate feedback, 

encouraging reflection and the formation of problem-solving 

schemas. 

2) Constructivist learning theory

The game embraces core constructivist principles: 1) 

active learning through physical token manipulation and 

hands-on engagement, 2) social interaction via team-based 

challenges and peer explanation tasks, aligned with 

Vygotsky’s emphasis on the social dimension of learning [40], 

and 3) authentic context through scenario cards that reflect 

real-world programming problems. These features support 

the co-construction of knowledge and help learners bridge 

abstract concepts with meaningful experiences. 

By weaving these theoretical principles into tangible game 

mechanics, the proposed hybrid game is both pedagogically 

grounded and aligned with student needs, maximizing its 

potential as an engaging and effective formative assessment 

tool for introductory programming education. 

VI. CONCLUSION

This study examined the learning needs of introductory-

level ICT students in programming, focusing on their 

understanding of Python concepts, difficulties encountered, 

and preferred learning approaches. The findings highlight 

persistent challenges with advanced topics, debugging, and 

program design, while also revealing students’ strong 

preference for collaborative learning, example-based 

resources, interactive visualizations, and the use of interactive 

environments. These insights underscore the importance of 

designing dynamic and engaging tools that accommodate 

diverse learning styles and support more effective 

programming education. 

Building on these results, the study proposes the 

development of a hybrid board game as a formative 

assessment tool. The game will integrate physical 

components such as syntax cards and tokens with digital 

features including QR-coded puzzles and real-time feedback, 

offering interactive and collaborative learning experiences. 

While the current study was conducted in a single Malaysian 

higher education context, its findings provide a strong 

foundation for future research. Planned work will involve the 

detailed design, development, and evaluation of the game, 

with potential extensions to other programming languages, 

educational levels, and contexts. By aligning theory-driven 

design principles with empirically identified student needs, 

this study contributes to the advancement of gamified, 

multimodal approaches that hold promise for enhancing 

programming comprehension, motivation, and long-term 

retention. 

APPENDIX 

Survey Questionnaire Items 

The following items were used in the survey instrument to 

identify the needs of diploma-level ICT students in learning 

Python programming. The questionnaire consisted of seven 

sections. 

Section 1: Demographic Background 
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1. What is your age? 

2. What type(s) of device(s) do you own? (Select all that 

apply) 

a. Mobile phone 

b. Laptop 

c. Tablet 

d. Desktop computer 

Section 2: Level of Understanding of Python 

Programming Topics 

Scale: 1 = Never Use, 2 = Weak, 3 = Moderate, 4 = Strong 

Please indicate your level of understanding for each of the 

following topics: 

1. Variables and Data Types 

2. Input/Output Handling 

3. Logic Structures: Decision (if, else, elif) 

4. Logic Structures: Iteration (loops) 

5. Logic Expressions (and, or, not) 

6. String Manipulation 

7. Math Operations 

8. Functions 

9. Lists 

10. Tuples 

11. Sets 

12. Dictionaries 

13. Lambda Functions 

14. File Handling 

15. Error/Exception Handling 

Section 3: Difficulties While Learning Programming 

Scale: 1 = Strongly Disagree, 5 = Strongly Agree 

1. I have difficulty designing a program to solve a certain 

task. 

2. I find it hard to divide functionality into procedures. 

3. Learning the syntax of the programming language is 

challenging. 

4. I struggle to find bugs in my own programs. 

5. I have difficulty understanding basic programming 

structures. 

6. I am not comfortable using programming development 

environments. 

7. I face problems accessing computers or networks needed 

for programming tasks. 

Section 4: Situations That Would Help Learn 

Programming More Effectively 

Scale: 1 = Strongly Disagree, 5 = Strongly Agree 

1. Learning during lectures, practicals, or lab sessions 

2. Consulting or discussing with lecturers, tutors, seniors, 

or friends 

3. Participating in small group exercises 

4. Working alone on programming coursework 

Section 5: Materials That Would Help Learn 

Programming 

Scale: 1 = Strongly Disagree, 5 = Strongly Agree 

1. Example programs 

2. Exercise questions and answers 

3. Interactive visualizations 

4. Programming course books 

5. Still pictures of programming structures 

6. Lecture notes 

7. Online discussion forums 

Section 6: Factors That Lead to Poor Performance in 

Programming Subjects 

Scale: 1 = Strongly Disagree, 5 = Strongly Agree 

1. Few examples of practical use are shown 

2. The syllabus focuses too much on theory 

3. The syllabus covers too many topics in one semester 

4. I lack interest in learning programming 

5. The learning environment is not conducive 

6. Instructor presentation and engagement are lacking 

7. Teaching methods are not effective 

8. Lab computers are not functioning properly 

Section 7: Agreement with Using Interactive 

Environments for Learning Programming 

Scale: 1 = Strongly Disagree, 5 = Strongly Agree 

1. I agree that using an interactive environment would help 

me learn programming better. 
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