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Over recent years, computer science (CS) teachers and instructors have faced several 
challenges in helping students strengthen their understanding of programming. The 
existing assessment methods could be more effective in assessing students' 
programming skills and knowledge, thus requiring a review of issues surrounding the 
instruction of programming courses. Against this backdrop, the authors systematically 
reviewed the current literature to identify several socio-cognitive factors that can help 
develop a learner model for learning programming. Specifically, the Systematic Reviews 
and Meta-Analyses (PRISMA) technique was utilized to identify and select relevant 
articles from three primary online databases: Scopus, Web of Science, and Eric. Initially, 
401 relevant papers were identified and retrieved, further reduced to only 24 articles 
based on specific selection criteria. As revealed, several demographic factors (such as 
gender, age, ethnicity, and socioeconomic status) and socio-cognitive factors 
(motivation, attitude, and interest) have been shown to impact student learning of 
programming significantly. The authors' findings from the systematic literature review 
helped synthesize the essential elements of the learner model that must be carefully 
considered and utilized. Arguably, the use of such a new learner model can compel 
instructors to teach programming more effectively by clarifying several students' socio-
cognitive backgrounds, which collectively have a significant impact on student learning 
of programming courses or subjects at the primary, secondary, and tertiary levels of 
education, especially in the Malaysian educational context. 
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1. Introduction 
 

Recently, academic administrators have had to reassess the design of student assessment 
procedures as the scope and nature of educational programs continues to grow and change. This 
understandably brings into question the validity of existing testing and examination practices. For 
instance, computer science (CS) educators face multiple difficulties in helping students deepen their 
comprehension of programming. Consequently, more work is being done to enhance computer 
science schooling overall. Typically, the standard evaluation method in programming courses 
involves scoring students' projects and summative project-level assignments to gauge their 
performance. However, this approach alone cannot improve the appetency of programming 
language education[1]. Furthermore, the need for and interest in learning how to evaluate 
computational thinking (CT) skills have grown in tandem with the increased focus on CT in education 
[2]. 

A crucial component of CS teachers’ competence is being able to recognize and correct students' 
misconceptions [3]. Thus, it is hardly surprising to observe students learning introductory 
programming courses asking many questions about the subject matter, suggesting they lack 
programming skills, which may explain the high rates of failure occurring every semester [4]. 
Admittedly, from the teaching perspective, learning programming entails effective instructions and 
regular practices. It is, therefore, imperative that instructors play an active role in assisting students 
to enhance their learning abilities by providing prompt feedback such that students can learn from 
their mistakes and re-evaluate their knowledge as necessary [5]. The programming skills must be 
emphasized that it is not simple to teach beginners or fresh students programming courses [6], as 
the nature of programming, the characteristics of the students, and the conventional teaching 
strategies applied by the instructors of basic programming courses present many limitation. In order 
of that, a promising strategy to deal with these issues is using a blended learning [7]. The students 
will be able to finish a range of programming assignments with varied levels of complexity by doing 
this. Students require regular, personalized feedback to strengthen their programming skills. 
Instructors or lecturers can provide individualized feedback using traditional methods, but evaluating 
the programming solutions crafted by numerous students can represent a substantial workload for 
them. As a result, they may give students inconsistent feedback, particularly for lengthy or complex 
programming solutions. Furthermore, the automated assessment tools powered by artificial 
intelligence may help ease this burden on instructors. These tools can review student code 
submission test cases, check for errors, and provide customized feedback unique to each student's 
work. Implementing automated assistants can make programming course feedback more consistent, 
allowing instructors to focus on higher-level instructional tasks. Overall, a blended elements of 
human and Artificial intelligence assessment could significantly enrich the programming and the 
learning experiences [8]. 

In addition for developing an effective learner model for programming education demanded a 
serious and continuous journey to additional demographic and socio-cognitive factors that may 
influence student learning paradigms and outcomes [9]. Certainly, the further studies for tracking 
cohorts of students across educational levels would also allow for valuable insights into how learner 
necessitates developing. The quantitative and qualitative methods should be applied to gather robust 
data on the multifaceted relationships between student backgrounds, attitudes, motivations, and 
programming competencies [10]. With a comprehensive interpretation of the learner, instructors can 
continually refine pedagogical guidelines to optimize programming instruction [11]. 
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Fig. 1. Model of coding conditioning learning outcomes [9] 

 
 
In addition, for students to learn programming courses effectively, they must have the necessary 

communication, teamwork, and self-management capabilities [9]. Particularly, the ability to use 
computational thinking (CT) is regarded as being crucial for assisting students with a variety of 
computationally challenging activities. The pedagogical goal of CT in elementary schools is uncertain 
in this aspect, though, as some countries' present curricula appear to place little emphasis on CT [10]. 
Indeed, it is accurate to assert that the acquisition of proficient critical thinking (CT) skills requires a 
prolonged journey of self-guided education, empirical exploration, and refinement via diverse 
programming assignments. Consequently, educators have to seek out and implement efficacious 
pedagogical strategies to facilitate students' acquisition of this proficiency [11]. 
 
2. Methodology  
2.1 Identification 
 

In choosing several appropriate papers for this report, the systematic review process consists of 
three main phases. The first step is keyword recognition and the quest for linked, similar terms based 
on the thesaurus, dictionaries, encyclopedia’s’, and previous studies. Accordingly, search strings on 
three main databases, Scopus, Web of Science, and Eric (see Table 1), were created after all the 
relevant keywords were determined. In the first step of the systematic review process, the present 
research successfully retrieved 401 papers from all databases. 
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Table 1 
The search strings 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2 Screening  
 

The above-mentioned publications were screened as part of the systematic review process's 
second stage according to a set of criteria that concentrated on reviews, meta-synthesis, meta-
analyses, books, book series, chapters, and conference proceedings, leading to the exclusion of 351 
article papers. In other words, the researchers were able to restrict the number of papers initially 
chosen to 50 papers by using the exclusion and inclusion criteria, including publication language 
(papers published in English) and timeline (from 2021 to 2022). When the field or discipline criterion 
was used, in this example computer science or IT, the number was further reduced to 24. 
 
2.3 Eligibility 
 

As was previously mentioned, the primary goal of the screening process was to eliminate 
redundant or duplicate content. Overall, 401 publications were assessed for this study using a few 
criteria, including inclusion and exclusion criteria. Additionally, the researchers chose not to focus on 
secondary resources, which have little empirical datasets, but solely on publications based on main 
resources. The third stage of the process, eligibility, helped find 44 publications that were deemed 
pertinent to the study's goals based on the inclusion criteria applied. Accordingly, 377 publications 
or articles had to be excluded because their titles and abstracts did not relate to the goal of the study, 
as determined by the empirical data criterion. After further review, 24 articles were chosen (refer to 
Table 2). 
 

 
 
 
 
 
 
 

Scopus 
 
Search Date: 
December 
2022 

TITLE-ABS-KEY (learners AND model* AND programming* AND 
(teaching* AND learning*) )  AND  ( LIMIT-TO ( PUBSTAGE ,  "final" ) )  
AND  ( LIMIT-TO ( PUBYEAR ,  2022 )  OR  LIMIT-TO ( PUBYEAR ,  
2021 ) )  AND  ( LIMIT-TO ( DOCTYPE ,  "ar" ) )  AND  ( LIMIT-
TO ( SUBJAREA ,  "COMP" ) )  AND  ( LIMIT-TO ( LANGUAGE ,  
"English" ) )  AND  ( LIMIT-TO ( SRCTYPE ,  "j" ) )   

Web of 
Science 

learners AND model* AND programming* AND (teaching* AND 
learning*) 

Filters Applied: Web of Science, Journals, 2021-2022 
Refined By: Open Access, Publication, 
Years: 2022 or 2021, 
Document Types: Article, Languages: English 

ERIC learners AND model* AND programming* AND (teaching* AND 
learning*) 
 Refined By: Open Access, Publication, 
Years: 2022 or 2021, 
Document Types: Article, Languages: English 
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Table 2  
Selection criterion of searching 

Criterion Inclusion Exclusion 

Language English Non-English 

Timeline Between 2021 – 2022 < 2021 

Literature type Article Review, Conference and Note 

Subject Area Learner’s, model, 
programming, teaching, and 
learning 

Besides Learner’s, model, 
programming, teaching, and 
learning 

 

 
Fig. 1 The flow diagram of the PRISMA review of learner models for the teaching and learning of programming 
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3. Theme 
 

The research findings of this study indicate two main themes: Learner models for programming 
learning and programming learner's learning experience, the detailed discussions of which are 
highlighted as follows:  
 
3.1 Learner’s Model in Programming 
 

Learning computer programming courses online can be difficult and stressful for many students, 
which has been made worse by the COVID-19 pandemic. There are certain socio-cognitive challenges 
associated with learning programming online that may be distinguishable from those related to 
conventional learning [12]. To ensure academic success, it is essential to have learning materials that 
are systematically organized and easily accessible for learners to self-assess their progress [13]. 
Furthermore, the reason for the learning material that is especially true considering the widespread 
adoption of online platforms in education. However, it could be challenging for learners to lead 
themselves in appropriately evaluating their learning outcomes without the assistance of a 
competent mentor. This article also highlights how students could benefit programming skills using 
Quizzes, an adaptive platform, to self-evaluate their programming course progress [14]. 
 
  

 
Fig. 2. Dynamic assessment system for programming [15] 

 
 

Effectively, a dynamic assessment system for programming learning (see Fig. 2) can be applied as 
a guide for learners based on contextual information [15] and could assist optimize the learning 
environment allowing students to iterate and improve their work rapidly [16]. Moreover, students 
can acquire knowledge and proficient problem-solving skills by interacting in a programming learning 
environment. Therefore, assimilated learning in programming must be based on several critical 
criteria, such as motivation and ability [17]. In programming, modelling is a generalized explanatory 
system that uses computer science concepts to organise key characteristics of an object or event of 
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interest. In addition, modelling is a significant factor in helping learners gain a sound comprehension 
of programming. As such, more efforts must be put in place to help improve the approach to learning 
programming by using a collaborative process using activities and learning modules [18]. To date, 
several researchers have proposed some programming learning guidelines based on learners' data 
and patterns to predict the future direction of programming education, which must also take into 
consideration their current level of understanding [19]. 
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Table 3 
The twelve papers appropriate with the Learner’s Model in Programming 

 
No Authors Year Scopus Web of 

Science 
ERIC Approach for Modelling 

1 Kim et al. [12] 2022 Ö   Scaffolds during block-based programming 
2 Wu and Chen[13] 2022  Ö  Computational thinking (CT) and 

programming languages 
3 Woo and Kim[14] 2022  Ö  Influential characteristics for learning model 
4 Krishnan et al., [15] 2022  Ö  Learning Analytical students’ using digital 

footprints 
5 Hsueh et al., [16] 2022  Ö  Learners’ behavioural engagement 
6 Lyu [17] 2022   Ö Extraction module and scoring module 
7 Li et al., [18] 2022   Ö Potential characteristics of learners' 

emotional states 
8 Soclo et al., [19] 2022   Ö A bilingual Electronic Dictionary (ED) 

9 Zuvanov et al., [20] 2021 Ö   Learning from learners' feedback 
10 Kim and Mun [12] 2021 Ö   A self-diagnostic on their learning progress 
11 Shobana and Kumar [21] 2021  Ö  The reliability and validity of the assessment 

component 
12 Liu et al., [22] 2021  Ö  CAD geometric modelling 

 
Table 3 shows the lists of 12 papers published from 2021-2022 that are relevant to the modelling of the learner in programming education. The 
papers are being indexed in Scopus, Web of Science, and ERIC databases. 
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3.2 Programming Learner's Experience 
 

The learner's experience plays a crucial role in enhancing the learning process inside the 
classroom. Hence, it is important to supervise the learning phase meticulously to guarantee that the 
degree of learning aligns with the learning process. However, the educator must apply and 
implemented more deliberations in facilitating the learning process of programming to maximise the 
effectiveness of the acquired knowledge [23]. 
 
 

 
 

Fig. 3. The students’ pair programming learning process[24] 
 

In addition, lecturers can implement the student-paired programming learning process, as 
depicted in the Fig. 3, to assist students learn programming more efficaciously.  Also, an online flip 
classroom with teacher-led adaptive learning can be employed to improve the quality of online 
courses [24].  Such an online classroom may embrace community as well as knowledge, learner, and 
assessment centres. Furthermore, the  authors propose a remote learning mode that is guided by 
relevant socio-cognitive principles, which may include micro lectures, class interactions, after-class 
exercises, and programming training [22]. Admittedly, the conventional learning approaches 
commonly used instructors have little impacts on students’ motivation and interest in learning 
programming [25]. In addition, the learning approaches has been a major problem among instructors 
in teaching big data analytics courses among undergraduates majoring in IT and computer science.  
In order to encourage students to study programming with greater rigor and enthusiasm, effective 
learning modules must be created and implemented [26]. Furthermore, the usage of scaffolds can 
definitely assist struggling students in learning programming with more confidence, as has been seen 
in various studies that suggest a variety of emotional and psychological aspects have a significant 
impact on student learning [27-29].  

Table 4 shows the lists of 12 papers from 2021-2022 that relate to modelling the learner's 
experience in education. The papers were extracted from Scopus, Web of Science, and ERIC 
databases.
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Table 4 
The twelve papers appropriate with the Programming learner's experience 
  Authors Year Scopus Web of 

Science 
ERIC Approach for 

Leaner’s Experience 
1 Devi et al., [30] 2021 Ö   Using significant 

automata theory 
concepts 

2 Lim and Moon [26] 2021  Ö  Using a big data 
analytics course 

3 Kim et al., [31] 2022  Ö  Debug block-based 
code with and 
without scaffolding. 

4 Wang [32] 2022 Ö   Build an accurate and 
complete learner 
model 

5 Yang and Tan [33] 2022 Ö   Using a deep learning 
in the 
recommendation 
systems 

6 Zhang et al., [34] 2022 Ö   A personalized 
learning 
recommendation 
method based on 
learners' trust 

7 Kang and Kang [35] 2022 Ö   Aptitude for 
reflecting students' 
learning state 

8 Ninrutsirikun et al., [36] 2021 Ö   To probe the 
moderation effect of 
the different learning 
preferences 

9 Liang and Zhang [37] 2022  Ö  Using a discrete 
dynamic model big 
data game 

10 Feng [38] 2021  Ö  Using an evaluation 
and decision-making 

11 Zheng and Dai [39] 2022   Ö Explores the 
application of 
artificial intelligence 
technology 

12 Wang et al., [40] 2022   Ö Using an information 
extraction and 
information 
utilization 
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4. Discussion  
 

Of late, computer science (CS) teachers and instructors have faced several challenges in assisting 
students in strengthening their understanding of programming. Additionally, existing assessment 
methods could be more effective in assessing students' programming skills and knowledge, thus 
entailing a review of issues surrounding the instructions of programming courses. Against this 
backdrop, the authors reviewed the current literature to identify several socio-cognitive factors that 
can help develop a learner model for learning programming. Specifically, the systematic review 
process consisting of three phases, namely identification, screening, and eligibility, was conducted 
on three main online databases: Scopus, Web of Science, and Eric. Initially, 401 relevant papers were 
identified and retrieved from these databases. 

Further screening assisted and reduced the number of relevant papers to 50. Finally, 24 articles 
were retained based on specific selection criteria. As revealed in previous studies, some demographic 
and socio-cognitive factors significantly impact student programming learning.    

This systematic review revealed several factors that require to be carefully considered for the 
design and development of a learner model for learning programming for students—for instance, 
using Scaffolds during block-based programming. For example, it is essential to ensure that the 
teaching of the subject matter must focus on developing students' computational thinking (CT) skills. 
Such a skill is vital as it can assist students in understanding and using the appropriate ways of 
discerning programming problems logically and developing proper solutions. From the behavioural 
perspective, emphasis on motivation should be factored into the design of such a learner model to 
ensure students can be fixated on exploring programming concepts and principles, with which they 
can help develop a strong sense of interest in pursuing programming courses. Nonetheless, with 
strong motivation, students will be willing to invest more time and effort in learning programming 
courses, leading to a greater understanding of the subject matter.  

Unquestionably, learning programming is complex and challenging for many students. As such, 
cognitive scaffoldings should be made easily accessible to students to help guide them to learn the 
proper techniques and strategies for solving programming problems. Besides, the instructors must 
inform the students and reflect on their understanding of the subject matter during and after the 
learning process. Indeed, this entails an effective means, such as a self-diagnostic assessment system, 
of providing prompt feedback on problem-solving tasks. To be informed of their learning progress, 
students can be mentally prepared to take a proper course of action to remedy any mistakes, 
misconceptions, and misunderstandings they might have.   
 
5. Conclusion 
 

From the learning perspective, the development of the learner model should also focus on deep 
and personalized learning, given the diversity of student populations in terms of demographics, such 
as gender, age, ethnicity, and social and economic status (SES). Ideally, learning can be tailored to 
meet students' specific learning needs and requirements, entailing personalized learning. Moreover, 
to strengthen students' programming skills, deep understanding should be encouraged by using 
appropriate techniques that utilize innovative learning objects and environments, enabling them to 
explore and experiment with programming precepts in greater depth. 

Overall, this study has aided the authors in identifying contributing factors critical for adequate 
instruction in teaching and learning programming courses. The authors' findings of the systematic 
literature review helped synthesize the learner model's essential elements that must be carefully 
considered and used. Arguably, the adaptation of such a new learner model could assist and guide 
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instructors to teach programming more efficaciously by concentrating on several students' socio-
cognitive backgrounds, which collectively have a significant impact on student learning of 
programming courses or subjects at the primary, secondary, and tertiary levels of education, 
expressly in the Malaysian educational context. 
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