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Abstract 

 

Computer programming is a core competency for computer science students and is essential for preparing 

future software engineers. With the rapid advancement of artificial intelligence (AI), programming 

education requires instructional approaches that reflect current technological practices. This paper proposes 

three instructional approaches—Programming by Practice, Programming by Integration, and Programming 

by AI—to strengthen programming competencies in the AI era. A Scopus-based systematic literature 

review guided by PRISMA 2020 was conducted to identify recent trends in programming education. The 

review findings were synthesised with a framework development process to produce an expert-informed 

and conceptually refined instructional framework. The study identifies six key programming competencies 

and maps them to the three proposed approaches. Programming by Practice builds foundational coding 

skills through structured hands-on activities. Programming by Integration familiarises students with real-

world tools and libraries. Programming by AI supports debugging, explanation, and reasoning through 

intelligent tools. Collectively, these components offer a structured and adaptable strategy for enhancing 

programming instruction and preparing students for modern software development and AI-driven 

environments. 
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1. Introduction 

Computer programming is a core competency for students aspiring to become software engineers 

and computing professionals. It forms the foundation for designing and developing software solutions 

across various domains. As technology continues to evolve rapidly, programming education must also adapt 

to keep pace with industry practices and digital transformation. 

Traditional programming instruction typically includes lectures, hands-on laboratories, and project-

based tasks (Thomas, 2000). While effective, these approaches pose challenges such as passive learning, 

unequal student readiness, and resource limitations. Practical sessions often depend on the availability of 

laboratory facilities, while project-based learning can be demanding for both instructors and students, 

particularly in large cohorts. 

In professional environments, programming practices have evolved due to widespread adoption of 

software frameworks and development tools. These tools streamline development by providing reusable 

components and structured workflows (Gries, 2006). As a result, modern developers focus more on higher-

level problem-solving and design rather than basic syntax implementation. 

Recently, generative artificial intelligence (AI) tools such as ChatGPT have emerged as 

transformative support mechanisms for programming education. These tools can assist with code 

generation, debugging, explanation, and personalised feedback, while also supporting instructors in 

preparing instructional materials. With these advancements, new opportunities have emerged for educators 

to integrate technology-enhanced approaches that can strengthen students’ programming competencies. 

This paper proposes three instructional approaches aligned with current technological 

developments—Programming by Practice, Programming by Integration, and Programming by AI—and 

introduces an implementation plan that demonstrates how these approaches can be systematically applied 

in programming courses. 

2. Literature Review 

2.1. Evolution of Programming Education 

Programming instruction has gradually shifted from traditional lecture-based formats to more 

interactive, practice-oriented, and technology-assisted models. Earlier research highlighted retention and 

engagement challenges in purely theoretical approaches, prompting exploration of problem-solving-first 

instruction, flipped classrooms, hands-on training, and blended delivery (Choi et al., 2023; Deek et al., 

1998; Hu et al., 2022; Zhu et al., 2023). The present study expands on these developments by synthesising 

evidence supporting three instructional approaches that encourage active, contextual, and intelligent 

learning. 

2.2. Programming by Practice 

Practice-based learning strengthens students’ programming abilities through repeated exposure to 

coding tasks. Active engagement and deliberate practice support conceptual understanding, problem-

solving, and the progressive development of programming competence (Fiorella & Mayer, 2015; 

Ghafarian, 2001; Robins et al., 2003; Vihavainen et al., 2011). Computational thinking also emphasises 
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reasoning beyond syntax alone (Guzdial et al., 2019). Tournament-based web resources and small-class 

activities further illustrate how structured participation can increase opportunities for active programming 

practice (Andrianov et al., 2022; Tang et al., 2011). 

However, practice-based methods can be difficult to scale. Limited instructor time results in delayed 

feedback, particularly in large classes. Automated assessment and feedback systems such as Web-CAT can 

deliver timely and consistent evaluation of programming exercises (Edwards & Pérez-Quiñones, 2008). 

Nevertheless, feedback quality varies and may not fully address conceptual understanding (Benford et al., 

1994; Keuning et al., 2018). 

2.3. Programming by Integration 

Introducing libraries, tools, APIs, and development platforms prepare students for real-world 

development environments. Early exposure to contemporary development tools can improve readiness 

while also introducing new instructional challenges (Becker et al., 2023; Gries, 2006). Tool-supported 

activities involving Arduino, web programming environments, cloud platforms, and streaming technologies 

demonstrate how programming can be situated in applied development contexts (Fernández & Cossio-

Mercado, 2024; Naeem et al., 2022; Yan et al., 2023). Project-based and blended learning further support 

authentic application, modularisation, and design thinking (Thomas, 2000; Zhu et al., 2023). However, 

novice learners may struggle with complex tools and documentation; structured scaffolding and guided 

exploration are therefore important (Mbiada et al., 2022). 

2.4. Programming by AI 

AI-assisted instruction has gained attention for its ability to assist with debugging, code generation, 

and personalised explanations. ChatGPT can solve or automate a range of programming tasks and may 

provide iterative learning support and alternative solutions (Piccolo et al., 2023). Such explanations can 

support generative and multimedia learning processes (Mayer & Fiorella, 2022). However, AI use also 

creates risks involving inaccurate output, over-reliance, bias, academic integrity, and assessment design 

(Bender et al., 2021; Rudolph et al., 2023; Silva et al., 2024). Responsible usage requires students to validate 

AI outputs and understand the underlying logic. 

2.5. Summary and Gaps 

Existing research supports practice-driven learning, tool integration, and AI-assisted instruction, yet 

these strands are commonly examined separately. Recent work covers blended and precision teaching, 

technology-supported programming platforms, and AI-assisted programming, but provides limited 

guidance on sequencing the three approaches as one competency-aligned curriculum (Silva et al., 2024; Yu 

et al., 2023; Zhu et al., 2023). This study addresses the gap by proposing an expert-informed and 

implementable framework that integrates all three approaches and aligns them with competencies required 

for modern software development. 
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3. Methodology 

This study employed two methodological phases: a Scopus-based systematic literature review 

guided by PRISMA 2020 (Page et al., 2021), followed by a structured framework development process. 

The first phase was used to identify recent themes and instructional approaches in programming education. 

The second phase synthesised the review findings into a proposed teaching framework and implementation 

plan. The study therefore presents a framework that is conceptually developed and expert-informed rather 

than empirically validated through large-scale classroom deployment. 

3.1. Systematic Literature Review 

3.1.1. Identification 

A Scopus-based systematic literature review was carried out to identify and synthesise studies 

relevant to programming education and pedagogical innovation. The PRISMA 2020 framework guided the 

review process, which included identification, screening, eligibility assessment, and final inclusion. Search 

terms were developed based on the topic of teaching programming and were applied to the Scopus database. 

Scopus was selected because it provides broad coverage of peer-reviewed computer science and education 

publications and includes citation-tracking features that support systematic review work. However, the 

review was limited to Scopus because of database access and project-scope constraints. Therefore, the 

findings should be interpreted as a Scopus-based review rather than an exhaustive multi-database review. 

Other databases such as IEEE Xplore, ACM Digital Library, ERIC, Web of Science, SpringerLink, and 

ScienceDirect may contain additional relevant studies, and this limitation is acknowledged in the study. 

 

Table 1.  Scopus search strategy 

Database Search String 

Scopus 

TITLE-ABS-KEY ( approaches in teaching of programming ) AND PUBYEAR > 2020 AND 

PUBYEAR < 2025 AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LANGUAGE 

, "English" ) ) AND ( LIMIT-TO ( PUBSTAGE , "final" ) ) 

 

Date of access: August 2024 

 

Note. The search was limited to Scopus and used a targeted search phrase. This search string 

produced the 666 Scopus records reported in the PRISMA flowchart. It was not expanded during 

manuscript revision because doing so would have changed the reported PRISMA counts. Its 

narrow scope is therefore acknowledged in the methodology and limitations sections.  

 

3.1.2. Screening 

The initial Scopus search used database filters for publication year, document type, publication 

stage, and language. Additional screening and eligibility criteria were then applied manually during title, 

abstract, and full-text assessment to ensure that the selected studies were relevant to programming education 

in higher education. Therefore, the criteria shown distinguish between database search limits and manual 

screening or eligibility decisions (see Table 2). 
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Table 2.  Search limits and screening criteria 

Stage Criterion Inclusion Exclusion 

Database search limits Timeline 2021–2024 Before 2021 

Database search limits Literature type Journal articles Conference papers, books, 

reviews, editorials, non-

scholarly sources 

Database search limits Publication stage Final publication In press/article in press 

Database search limits Language English Non-English 

Manual screening Education level Higher education or 

computer science 

education 

K–12 education only 

Manual screening Subject focus Programming, coding, 

software development, 

or computing 

education 

Non-programming or non-

computing subjects 

Eligibility assessment Relevance to 

teaching approaches 

Empirical, applied, or 

pedagogical studies 

directly related to 

teaching programming 

Conceptual/background works 

not linked to teaching practice 

3.1.3. Eligibility 

Full texts were assessed for eligibility according to the predefined criteria. Studies were included 

when they directly addressed approaches to teaching programming in higher education or computer science 

education and were published between 2021 and 2024. Studies focused solely on K-12 education, non-

programming subjects, non-computing contexts, or unrelated pedagogy were excluded. Non-empirical and 

conceptual papers were considered only as background literature when relevant and were not counted in 

the final qualitative synthesis. Older and conference-based sources cited in the literature review were used 

to provide background and theoretical context only; they were not counted as studies included in the 

PRISMA synthesis. The final set consisted of 27 studies that directly addressed approaches to teaching 

programming in higher education and computer science contexts (see Figure 1). 

3.1.4. Data Extraction and Synthesis 

For each included study, key data such as authors, publication year, methodology, target learners, 

educational context, and teaching approaches were extracted. A thematic synthesis was then conducted to 

categorise programming teaching approaches into three main dimensions: practice-based learning, 

integration with libraries and tools, and AI-assisted learning. These dimensions are consistent with literature 

on programming competency, technology-supported teaching platforms, and AI-supported programming 

education (Kiesler, 2024; Silva et al., 2024; Yu et al., 2023). The objective of this paper is to examine recent 

approaches in teaching programming in higher education and to propose an instructional framework that 

responds to the emergence of artificial intelligence in software development and programming education. 

To achieve this, the review addressed three research questions related to competencies, teaching 

approaches, and framework design. 
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Research question 1:  

What are the core programming competencies required for future software engineers in higher 

education? 

Research question 2:  

What teaching approaches—specifically practice-based, integration of existing tools, and AI-

assisted methods—are most effective in supporting the development of these competencies? 

Research question 3:  

How can a structured implementation framework be designed and refined to address challenges 

such as AI over-reliance, feedback scalability, and real-world applicability in programming 

education? 

 

 

 PRISMA framework flowchart 

3.2. Framework Development Process 

Building upon the systematic review, a three-step framework development approach (see Figure 2) 

was undertaken. The first step focused on the identification of competencies needed by future software 

engineers. These competencies were derived from the literature synthesis and then organised according to 

their relevance to programming education, software development practice, and emerging AI-assisted 

learning environments. 

The second step involved the selection of instructional approaches for programming education. 

Candidate approaches were drawn from the review findings, existing pedagogical frameworks, and 
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common professional training practices. The three approaches were selected because they addressed 

complementary instructional needs: foundational practice, tool-based development, and AI-assisted 

reasoning. They were also assessed for their alignment with student engagement, scalability in large classes, 

and relevance to the identified programming competencies.  

The final step involved a framework refinement process to improve clarity, feasibility, and practical 

applicability. The proposed framework was reviewed against three criteria: alignment with programming 

course learning outcomes, relevance to real-world software development practices, and suitability for 

classroom implementation. Scenario-based activity mapping was then used to examine how selected tasks, 

tools, and instructional sequences could operate in practice. Feedback and reflections from this refinement 

process informed adjustments to the framework’s operational steps, sequencing, workload distribution, and 

ethical AI-use guidelines. Because no large-scale empirical classroom validation was conducted, the 

framework is described as expert-informed and conceptually refined rather than fully validated. 

 

 

 

 

 

 Framework development process 

4. Results and Discussion 

4.1. Programming Competencies 

Programming education plays an important role in preparing competent students to become software 

engineers and computing professionals. Programming competencies encompass a range of skills and 

qualities (see Figure 3). These competencies align with the research objective of equipping students with 

skills relevant to future technological and industry demands. Each competency addresses gaps commonly 

associated with traditional educational methods. 

 

 

 

 

 

 

 Six programming competencies 

 

Competency 
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Selection of 

Approaches 

Framework 

Refinement 

Technical 

Ethics 

Communication 

Problem 

solving 

Critical 

thinking 

Software 

Design 

Programming 
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Competent programmers and software engineers are expected to demonstrate a strong foundation in 

technical proficiency, encompassing programming fundamentals such as data structures, algorithms, and 

design patterns. Programming competency is multidimensional and develops through the interaction of 

knowledge, problem-solving processes, and context-specific practice (Kiesler, 2024). While these 

fundamentals are moderately addressed in traditional curricula, the lack of practical emphasis often limits 

students’ readiness to meet real-world industry demands. Beyond technical skills, effective problem-

solving ability is essential, requiring students to decompose complex problems into smaller, manageable 

tasks and design appropriate algorithms to address them. However, such experiential learning opportunities 

are frequently absent in conventional teaching practices. Similarly, critical thinking plays a vital role in 

enabling students to evaluate alternative approaches and select the most effective solution, yet current 

pedagogical approaches provide limited opportunities for nurturing this skill. 

In addition, mastery of software design principles such as modularity, encapsulation, and abstraction 

is crucial, though these concepts are often confined to theoretical instruction with little real-world 

application. Equally important are communication skills, as programmers must effectively collaborate with 

team members and engage with clients to convey ideas and negotiate solutions; nevertheless, traditional 

curricula seldom highlight collaborative and client-facing communication practices. Finally, an increasing 

emphasis is placed on ethical considerations, with software engineers expected to uphold professional 

standards, ensuring security, privacy, and accessibility in the systems they design. Despite its importance, 

ethical awareness and professional responsibility remain insufficiently integrated into existing 

programming education. 

4.2. The Proposed Framework 

The proposed framework integrates three instructional approaches—Programming by Practice, 

Programming by Integration, and Programming by AI—into an expert-informed and implementable model 

for programming education. Unlike broad conceptual models that describe general ideas without 

application, this framework provides concrete instructional steps, structured sequencing, competency 

alignment, and activity guidelines that educators can adapt in programming courses. 

4.2.1. Framework Structure 

The framework is organised as a progressive three-course sequence, beginning with Programming 

by Practice, followed by Programming by Integration, and culminating with Programming by AI. Each 

stage is designed with explicit instructional steps, recommended activity structures, and aligned assessment 

guidelines to ensure coherent learning progression. This structure enables students to build foundational 

coding skills before transitioning to tool-based development and, ultimately, AI-assisted reasoning and 

problem-solving. 

4.2.2. Competency Mapping 

A key component of the framework is the explicit mapping of instructional activities to six core 

programming competencies identified through the systematic literature review and framework development 
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process. Table 3 illustrates how each instructional approach may contribute to developing specific 

competencies. The mapping is not intended to suggest that a competency is developed through only one 

approach. Instead, it identifies the strongest or most direct contribution of each approach while recognising 

that several competencies may be reinforced across multiple approaches. 

 

Table 3.  Competencies and programming approaches 

Competencies Programming by Practice Programming by 

Integration 

Programming by AI 

Technical 

Proficiency 

Primary: syntax, data 

structures, algorithms, 

and coding fluency 

Supporting: application of 

libraries and development 

tools 

Supporting: code 

explanation, debugging, 

and comparison 

Problem-Solving 

Skills 

Primary: decomposition 

and repeated practice 

Primary: authentic project 

and tool-based problem 

solving 

Primary: AI-assisted 

reasoning, debugging, and 

alternative solutions 

Critical Thinking Supporting: tracing, 

testing, and evaluating 

code correctness 

Supporting: comparing 

tools, libraries, and design 

options 

Primary: evaluating AI 

outputs and detecting 

errors 

Software Design 

Principles 

Supporting: modular 

tasks and code 

organisation 

Primary: architecture, 

APIs, reusable 

components, and design 

patterns 

Supporting: AI-assisted 

design critique and 

refactoring 

Communication 

Skills 

Supporting: peer 

discussion and 

collaborative debugging 

Primary: documentation, 

code review, and 

teamwork 

Supporting: prompt 

clarity, explanation, and 

reflective reporting 

Ethical 

Considerations 

Supporting: academic 

integrity and responsible 

coding habits 

Supporting: security, 

privacy, and responsible 

tool integration 

Primary: responsible AI 

use, verification, and 

attribution 

4.2.3. Framework Refinement 

To improve practicality and relevance, the framework underwent a multi-stage refinement process. 

The proposed model was reviewed for clarity, feasibility, and alignment with course learning outcomes and 

programme learning outcomes. It was also examined against current software development practices, tool 

usage, and workplace expectations. In addition, scenario-based activity mapping was used to test whether 

selected instructional activities could be sequenced logically within typical classroom settings. This 

refinement process informed adjustments to the operational steps, workload distribution, assessment 

alignment, and ethical AI-use guidelines. The term validation is used cautiously in this paper; further 

empirical validation with students and instructors is recommended for future work. 

4.3. The Implementation Plan 

The implementation plan provides detailed guidance on how the three instructional approaches can 

be integrated across a structured programming curriculum. It outlines the activities, sequencing, and 

assessment strategies required to operationalise the framework effectively. The plan begins with 

Programming by Practice, which is positioned as the foundation of the curriculum. In this stage, students 

engage in live-coding demonstrations, short formative exercises, automated feedback activities, and 

collaborative debugging sessions. These activities reflect evidence on extreme apprenticeship, automated 

feedback, and structured active practice in programming education (Andrianov et al., 2022; Keuning et al., 
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2018; Vihavainen et al., 2011). They are progressively expanded into weekly challenges and a structured 

capstone assignment, enabling students to consolidate fundamental programming concepts through 

repeated, hands-on engagement. 

Building on this foundation, the second stage, Programming by Integration, introduces students to 

industry-relevant tools and libraries. Here, learners develop documentation literacy and tool familiarity 

through scaffolded project milestones, guided exploration of APIs, and regular code review activities. 

Applied teaching platforms and tool-based environments provide precedents for this form of contextual 

programming instruction (Fernández & Cossio-Mercado, 2024; Yan et al., 2023). Pair programming and 

group-based development tasks further encourage collaborative problem-solving and expose students to 

diverse design choices and implementation strategies. 

The final stage, Programming by AI, incorporates intelligent tools to support higher-level reasoning, 

debugging, and reflective learning. Students are introduced to safe and effective prompting techniques, 

followed by structured exercises where they compare AI-generated solutions with manually developed 

code. Reflective activities are used to encourage critical evaluation of AI outputs, while ethical guidelines 

address accuracy, attribution, academic integrity, and responsible use (Rudolph et al., 2023; Silva et al., 

2024).  

Across all three stages, the implementation plan aligns formative and summative assessments with 

the targeted competencies. Assessments include micro-tasks, quizzes, coding assignments, reflective AI 

usage notes, and multi-stage projects. Rubrics emphasize code quality, reasoning, design principles, and 

ethical AI practices. Collectively, these components form a coherent and scalable plan that supports 

seamless integration of the three approaches into a multi-course programming sequence. 

4.4. Practicality and Applicability 

The proposed framework is designed for practical implementation because it is supported by defined 

operational steps, structured activity templates, and explicit alignment with identified programming 

competencies. The framework can be adapted by educators according to course level, available resources, 

class size, and institutional requirements. Scenario-based mapping suggests that the activities and 

sequencing are feasible within typical classroom settings; however, broader empirical testing is required 

before generalising the effectiveness of the framework across institutions. 

4.5. Limitations 

Several limitations should be acknowledged in applying the proposed framework. The integration 

of AI-assisted activities introduces the possibility of student over-reliance on AI tools, which may affect 

the development of independent problem-solving skills. Ethical considerations also arise, particularly 

regarding data privacy, fairness, academic integrity, and the accuracy of AI-generated outputs (Rudolph et 

al., 2023; Silva et al., 2024). From a research standpoint, the study relies exclusively on Scopus-indexed 

sources for the literature review, which may limit the breadth of insights that could have been obtained 

from other databases. In addition, the search strategy used the targeted phrase 'approaches in teaching of 

programming' and may have missed studies using alternative terms such as programming education, CS1, 

coding education, introductory programming, AI-assisted programming, automated feedback, or computing 

http://dx.doi.org/


https://doi.org/10.15405/epsbs.2026.09.33 
Corresponding Author: Nor Zakiah Lamin 

Selection and peer-review under responsibility of the Organizing Committee of the conference  

eISSN: 2357-1330 

 

 487 

education. As the search string was not expanded after the PRISMA counts were established, the findings 

should be interpreted within the scope of this specific Scopus-based search strategy. Finally, the framework 

has not yet undergone large-scale empirical classroom validation. These limitations highlight the need for 

future multi-database reviews and classroom-based evaluation. 

5. Conclusion 

This study presented an expert-informed and implementable framework for programming education 

in the era of AI. The model integrates three instructional approaches—Programming by Practice, 

Programming by Integration, and Programming by AI—into a structured sequence supported by 

competency mapping, framework refinement, and scenario-based activity mapping. 

Unlike high-level conceptual models, this framework includes operational steps, assessment 

alignment, and practical guidelines that can support adoption in programming courses. Future research 

should conduct large-scale classroom implementation to evaluate student learning outcomes, instructor 

usability, and generalisability across institutions. 
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