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Teaching algorithmic problem-solving remains a major challenge 
in beginner computer science education because novice 
programmers often struggle to identify appropriate solution 
strategies beyond programming syntax. Existing instructional 
approaches generally present algorithm paradigms as isolated 
topics, making it difficult for learners to recognise problem 
characteristics and transfer knowledge across different 
computational tasks. This study proposes the Algorithm Design 
Patterns (ADP) framework, a conceptual instructional model that 
organises five fundamental algorithm paradigms into reusable 
learning patterns for beginner computer science education. A 
conceptual research approach was adopted by synthesising 
literature on algorithmic thinking, programming pedagogy, 
instructional scaffolding, and algorithm design. The proposed 
framework integrates Divide and Conquer, Greedy Algorithms, 
Dynamic Programming, Backtracking, and Recursive Patterns into 
a progressive instructional structure supported by representative 
algorithms, classroom activities, and common learning pitfalls. By 
emphasising problem analysis before algorithm selection, the 
framework aims to strengthen algorithmic thinking and support 
more systematic learning. The proposed framework offers a 
structured pedagogical reference for introductory algorithm 
instruction and provides a foundation for future empirical 
validation in computer science education. 
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1. Introduction

Programming is widely recognised as one of the most challenging disciplines for novice computer
science students because it requires more than learning a programming language. Students are expected to 
analyse problems, identify appropriate solution strategies, apply logical reasoning, and translate abstract 
ideas into executable algorithms. Consequently, the ability to think algorithmically has become a 
fundamental learning outcome in introductory programming courses, where learners are expected to solve 
computational problems systematically before implementing program code. Recent studies have also 
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emphasised that effective programming education should prioritise conceptual reasoning and problem-
solving skills rather than focusing solely on programming syntax (Tikva & Tambouris, 2021; Liu et al., 
2025). 
 
Despite its recognised importance, developing algorithmic thinking remains difficult for many beginner 
programmers. Rather than analysing a problem before attempting a solution, novice learners often begin 
writing code immediately and rely on repeated trial-and-error to modify the program until it produces the 
expected output. Although this approach may occasionally lead to a working solution, it rarely develops a 
deeper understanding of problem structure or improves learners' ability to solve unfamiliar computational 
problems. Previous studies have consistently reported that such practices contribute to misconceptions, low 
confidence, and weak transfer of algorithmic knowledge across different programming contexts (McCauley 
et al., 2015; Dogan, 2020; Song et al., 2021; Liu et al., 2025). These difficulties become increasingly 
apparent when students encounter algorithmic paradigms that require higher levels of abstraction, including 
Dynamic Programming, Backtracking, and Recursive algorithms. 
 
Algorithmic thinking extends beyond understanding how individual algorithms operate. It involves 
recognising the characteristics of a computational problem, evaluating alternative solution strategies, and 
selecting an appropriate algorithmic approach before implementation begins. Learners who develop this 
capability are better prepared to transfer their knowledge to unfamiliar problems because they understand 
the underlying reasoning that connects different computational tasks. Research has shown that structured 
learning experiences and appropriate instructional support can significantly strengthen students' algorithmic 
thinking and overall problem-solving ability (Angeli, 2022; Yusuf & Noor, 2024). 
 
In response to these challenges, programming education has increasingly shifted towards instructional 
approaches that emphasise conceptual understanding and guided learning. Rather than treating 
programming as the memorisation of syntax or isolated algorithms, contemporary pedagogical approaches 
encourage learners to develop coherent mental models that explain why particular solution strategies are 
appropriate for different classes of problems. Instructional scaffolding has been widely adopted to support 
this objective by helping students organise knowledge progressively while reducing unnecessary cognitive 
load during learning (Tikva & Tambouris, 2021; Duran et al., 2022; Bjursten et al., 2023; Chen et al., 2023). 
 
One promising way to support this learning process is to organise algorithm paradigms as reusable 
instructional patterns rather than presenting them as isolated topics. The concept is inspired by design 
patterns, which describe recurring solutions to recurring problems within a specific context. Applied to 
programming education, such an approach enables students to focus first on identifying problem 
characteristics before considering implementation techniques. As learners repeatedly encounter similar 
problem structures, they gradually develop reusable cognitive models that support more effective algorithm 
selection and stronger problem-solving skills. 
 
Although substantial research has examined algorithmic thinking, computational thinking, programming 
pedagogy, and instructional scaffolding, these perspectives are typically discussed independently. Existing 
instructional models often explain the operation of individual algorithms but provide limited guidance on 
how novice learners should determine which algorithmic paradigm is most appropriate for a particular 
problem. As a result, many students continue to perceive algorithm paradigms as unrelated concepts rather 
than complementary problem-solving strategies, making knowledge transfer unnecessarily difficult. 
 
To address this limitation, this study proposes the Algorithm Design Patterns (ADP) framework, a 
conceptual instructional model that organises five fundamental algorithm paradigms—Divide and Conquer, 
Greedy Algorithms, Dynamic Programming, Backtracking, and Recursive Patterns—into a structured 
pedagogical framework for beginner computer science education. By integrating these paradigms into a 
single instructional model, the framework seeks to help learners analyse problem characteristics 
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systematically, select appropriate solution strategies with greater confidence, and develop transferable 
algorithmic thinking skills applicable across diverse computational contexts. 
 
Accordingly, the objective of this study is to develop a conceptual framework grounded in Algorithm 
Design Patterns that supports the teaching and learning of algorithmic thinking in introductory computer 
science education. The remainder of this paper is organised as follows. Section 2 reviews the relevant 
literature on algorithmic thinking, beginner programming education, design patterns, and instructional 
scaffolding. Section 3 describes the conceptual framework development process; Section 4 presents the 
proposed Algorithm Design Patterns framework; Section 5 discusses its educational implications, and 
Section 6 concludes the paper with recommendations for future research. 
 
2. Literature Review 

2.1 Algorithmic Thinking in Computer Science Education 
 

Algorithmic thinking is widely regarded as a fundamental competency in computer science 
education because it enables learners to analyse computational problems systematically before developing 
solutions in code. Unlike programming syntax, which differs across programming languages, algorithmic 
thinking represents a transferable cognitive capability that supports abstraction, logical reasoning, 
decomposition, and solution planning regardless of the implementation environment. As a result, many 
introductory programming curricula recognise algorithmic thinking as a core learning outcome rather than 
a supplementary programming skill (Angeli & Giannakos, 2020; Liu et al., 2024). 
 
The concept of algorithmic thinking has evolved considerably over the past two decades. Early work 
described it primarily as the ability to formulate precise sequences of instructions for solving computational 
problems through logical reasoning and abstraction (Futschek, 2006). More recent studies extend this 
perspective by emphasising decomposition, pattern recognition, abstraction, and algorithm construction as 
interconnected cognitive processes that underpin effective computational problem-solving (Wing, 2006; 
Grover & Pea, 2013). Rather than viewing algorithmic thinking as a procedural skill, contemporary research 
increasingly recognises it as a higher-order reasoning process that supports the transfer of knowledge across 
diverse programming tasks. 
 
Empirical studies consistently demonstrate a positive relationship between algorithmic thinking and 
programming performance. Students who can analyse problem structures before implementation generally 
produce more efficient solutions and demonstrate greater confidence when solving unfamiliar programming 
tasks (Dogan, 2020; Angeli, 2022). Furthermore, recent investigations indicate that algorithmic thinking 
can be strengthened through carefully designed instructional interventions that provide structured guidance 
and progressively reduce learner dependency as competence develops (Yusuf & Noor, 2024). These 
findings suggest that algorithmic thinking should be intentionally cultivated rather than assumed to emerge 
naturally through programming practice alone. 
 
Despite broad agreement regarding its importance, developing algorithmic thinking remains a persistent 
challenge in introductory programming education. Many students continue to focus on producing 
executable code without first examining the problem's underlying characteristics. As a result, learners often 
struggle to select suitable solution strategies when confronted with unfamiliar computational tasks. This 
limitation indicates that programming instruction should extend beyond explaining how algorithms operate 
to explicitly supporting learners in recognising when and why particular algorithmic approaches should be 
applied. Process-based analyses of novice programmers similarly demonstrate that successful problem-
solving depends not only on coding ability but also on learners' reasoning and self-regulation during the 
problem-solving process (Song et al., 2021). 
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2.2 Challenges in Beginner Programming Education 
 

Teaching programming to novice learners continues to present considerable educational 
challenges because programming requires students to integrate logical reasoning, abstraction, problem 
analysis, and technical implementation simultaneously. Beginners must not only understand programming 
syntax but also construct mental models that explain why a particular solution strategy is appropriate for a 
given computational problem. Consequently, many students experience substantial cognitive overload 
during the early stages of programming education, particularly when confronted with problems that demand 
abstract reasoning and algorithm selection (Song et al., 2021; Hao et al., 2023). 

 
One of the most frequently reported difficulties is learners' reliance on trial-and-error programming. Instead 
of analysing problem requirements before implementation, novice programmers often begin coding 
immediately and repeatedly modify their programs until acceptable outputs are obtained. Although this 
approach may produce functional solutions, it rarely encourages conceptual understanding or supports the 
development of transferable problem-solving skills (McCauley et al., 2015; Song et al., 2021). As a 
consequence, students frequently encounter similar difficulties when required to solve unfamiliar 
computational problems. 

 
Another significant challenge concerns the selection of appropriate algorithmic strategies. Many students 
understand the syntax of a programming language but remain uncertain about whether a problem should be 
approached using Divide and Conquer, Greedy Algorithms, Dynamic Programming, Backtracking, or 
another algorithmic paradigm. This difficulty is often attributed to instructional practices that introduce 
algorithmic paradigms independently, providing limited opportunities for learners to compare alternative 
problem-solving strategies or recognise recurring problem characteristics (Liu et al., 2025). 

 
Knowledge transfer represents an additional concern within beginner programming education. Rather than 
identifying common structural characteristics across computational problems, novice programmers 
frequently memorise algorithmic procedures for specific examples. As a result, previously acquired 
knowledge is not easily transferred to new programming contexts, limiting students' ability to solve 
unfamiliar problems independently (Song et al., 2021; Chen et al., 2023). These observations suggest that 
programming instruction should provide learners with instructional support that promotes conceptual 
understanding and encourages systematic reasoning before implementation begins. 
 
2.3 Design Patterns in Computer Science Education 
 

The concept of design patterns originated in architecture and was later adopted in software 
engineering to describe reusable solutions for recurring design problems. Rather than prescribing fixed 
implementations, design patterns provide general solution templates that can be adapted to different 
contexts while preserving fundamental design principles. Their widespread adoption in software 
engineering demonstrates the value of organising knowledge into reusable structures that support both 
learning and problem-solving (Fojtík & Jirásková, 2014). 
 
Beyond software engineering, researchers have increasingly explored the educational potential of design 
patterns as pedagogical tools. In teaching and learning, design patterns help organise instructional 
knowledge into structured, reusable components, allowing learners to recognise similarities across different 
learning situations rather than treating concepts as isolated topics. This approach encourages learners to 
develop broader conceptual understanding while improving their ability to transfer knowledge across 
related domains. 
 
The same principle can be applied to algorithm education. Fundamental algorithmic paradigms such as 
Divide and Conquer, Greedy Algorithms, Dynamic Programming, Backtracking, and Recursive Patterns 
recur across different categories of computational problems. Instead of teaching these paradigms 
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independently, organising them as instructional patterns allows learners to associate specific problem 
characteristics with suitable solution strategies. Consequently, students are encouraged to focus on 
understanding the reasoning behind algorithm selection rather than memorising individual algorithms. 
 
From a pedagogical perspective, this organisation supports the development of transferable knowledge. As 
learners repeatedly encounter similar problem structures, they gradually construct cognitive models that 
can be applied across multiple programming contexts. Such an approach aligns closely with the broader 
objective of algorithmic thinking, which emphasises recognising patterns and selecting appropriate 
strategies rather than recalling isolated procedures. Despite these educational advantages, the application 
of design patterns as a dedicated instructional framework for teaching algorithmic thinking remains 
relatively limited in current computer science education literature. This limitation further motivates the 
framework proposed in the present study. 
 
2.4 Instructional Scaffolding 
 

In education, pedagogy refers to the theories, principles, and instructional practices used to 
facilitate learning. In computer science education, pedagogical approaches influence how complex concepts 
such as algorithmic thinking are organised, explained, and scaffolded to novice learners. Consequently, 
selecting an appropriate pedagogical strategy is essential for reducing cognitive load while promoting 
meaningful learning. 
 
Instructional scaffolding has become one of the most widely adopted pedagogical approaches for 
supporting learners in acquiring complex knowledge and problem-solving skills. Rooted in constructivist 
learning theory, scaffolding involves providing temporary instructional support that enables learners to 
perform tasks beyond their current level of competency before gradually reducing assistance as 
understanding develops. Within programming education, this approach is particularly valuable because 
beginners often struggle to manage multiple cognitive processes simultaneously, including problem 
analysis, algorithm selection, and program implementation (Duran et al., 2022; Shin et al., 2024). 
 
Various forms of scaffolding have been applied successfully in programming education, including worked 
examples, guided exercises, visual representations, collaborative learning activities, and structured 
problem-solving tasks. These instructional strategies reduce unnecessary cognitive load while helping 
learners organise new knowledge into coherent conceptual structures (Hou et al., 2022; Pechorina et al., 
2023). Rather than encouraging students to memorise programming syntax, scaffolding supports the 
gradual development of reasoning skills that can later be applied independently. 
 
The effectiveness of instructional scaffolding depends not only on the amount of support provided but also 
on how well instructional guidance corresponds to learners' cognitive needs. Constructivist perspectives 
suggest that meaningful learning occurs when students actively relate new concepts to their existing 
knowledge and progressively refine their understanding through guided practice. Consequently, 
instructional activities should encourage learners to analyse problem characteristics before implementing 
algorithmic solutions, thereby strengthening both conceptual understanding and long-term knowledge 
transfer. 
 
The proposed Algorithm Design Patterns (ADP) framework adopts these principles by integrating 
conceptual explanations, representative algorithms, classroom learning activities, and common 
misconceptions into a structured instructional model. Rather than requiring students to memorise isolated 
algorithms, the framework guides learners to recognise recurring problem characteristics before selecting 
appropriate algorithmic strategies. In doing so, it aims to reduce cognitive overload while promoting deeper 
algorithmic reasoning and more meaningful learning experiences in introductory programming education. 
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2.5 Research Gap 
 

Although algorithmic thinking has received considerable attention in computer science education, 
existing studies have primarily focused on improving programming performance, computational thinking, 
or evaluating specific instructional interventions. Compared with other areas, attention has been given to 
developing comprehensive pedagogical frameworks that explicitly organise algorithm paradigms into 
structured learning models for novice programmers. Recent reviews similarly indicate that greater emphasis 
should be placed on supporting learners' decision-making processes during algorithm selection rather than 
concentrating solely on algorithm implementation (Liu et al., 2025). 
 
A second limitation concerns the way algorithm paradigms are typically presented in introductory 
programming courses. Divide and Conquer, Greedy Algorithms, Dynamic Programming, Backtracking, 
and Recursive Patterns are commonly taught as separate instructional units. While this approach introduces 
students to individual techniques, it provides limited opportunities for learners to identify relationships 
among different paradigms or recognise recurring characteristics shared by computational problems. 
Consequently, many novice programmers struggle to transfer knowledge from previously encountered 
problems to unfamiliar situations. 
 
Furthermore, although the concept of design patterns has been widely adopted in software engineering and 
has demonstrated educational value in organising reusable knowledge structures, its application as a 
dedicated instructional framework for teaching algorithmic thinking remains relatively underexplored. 
Existing studies rarely integrate algorithm design, instructional scaffolding, and pedagogical design 
patterns within a unified conceptual model specifically intended for beginner programming education. 
 
To address these limitations, this study proposes the Algorithm Design Patterns (ADP) framework, which 
organises five fundamental algorithm paradigms into reusable instructional patterns that support systematic 
problem analysis and algorithm selection. By integrating concepts from algorithmic thinking, design 
patterns, and instructional scaffolding, the framework seeks to provide educators with a coherent 
pedagogical model that encourages transferable algorithmic reasoning and supports more effective learning 
in introductory computer science courses. 

 
Table 1. Summary of Research Gap 

 
 

The literature indicates that algorithmic thinking plays a central role in beginner programming education, 
yet novice programmers continue to struggle to select appropriate problem-solving strategies. Existing 
studies have explored algorithmic thinking, programming pedagogy, instructional scaffolding, and design 
patterns independently, but limited research has integrated these perspectives into a unified conceptual 
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framework for algorithm instruction. This gap provides the foundation for the proposed Algorithm Design 
Patterns framework, which is described in the following section. 
 
3. Methodology 

3.1 Framework Development Process 

This study adopted a conceptual research approach to develop the proposed Algorithm Design 
Patterns framework. Rather than conducting an empirical investigation, the study synthesised existing 
literature to establish a structured pedagogical framework that supports algorithmic thinking in beginner 
computer science education. 
 
The framework was developed through four systematic phases, as illustrated in Figure 1. 
 
Phase 1: Literature Review 
 
The first phase involved reviewing relevant literature related to algorithmic thinking, beginner 
programming education, instructional scaffolding, computational thinking, and algorithm design 
paradigms. Journal articles, conference papers, books, and review studies published between 2020 and 2025 
were prioritised to ensure that the framework reflected current educational practices while retaining seminal 
references that remain fundamental in computer science education. 
 
The literature review served two primary purposes. First, it identified the challenges novice programmers 
face in developing algorithmic thinking. Second, it examined existing instructional approaches used to 
teach algorithm design and problem-solving in introductory programming courses. 
 
Phase 2: Identification of Algorithm Design Paradigms 
 
Based on the literature review, five algorithm paradigms that are consistently introduced in beginner 
programming and introductory algorithm courses were identified. 
 
These paradigms include: 
 

● Divide and Conquer 
● Greedy Algorithms 
● Dynamic Programming 
● Backtracking 
● Recursive Patterns 

 
The selection was based on their educational significance, widespread use in undergraduate computer 
science curricula, and their ability to represent different computational problem-solving strategies. 
Together, these paradigms provide a progressive learning pathway that exposes students to increasingly 
sophisticated forms of algorithmic reasoning. Their curricular relevance and representative problem-
solving roles are supported by established algorithm literature and recent reviews of algorithm-design 
education (Cormen et al., 2009; Liu et al., 2025).  
 
The progression begins with Divide and Conquer, which introduces decomposition through recursive 
reasoning. Greedy Algorithms subsequently strengthen local optimisation strategies before learners 
encounter Dynamic Programming, where overlapping subproblems and optimal substructure require more 
advanced reasoning. Backtracking extends learners’ understanding through systematic search under 
constraints, while Recursive Patterns consolidate recursive abstraction across multiple problem domains. 
This sequence is intended to support gradual cognitive development rather than prescribe a rigid teaching 
order. 
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Phase 3: Pedagogical Analysis 
 
Each algorithm paradigm was subsequently analysed from an educational perspective to determine how it 
could be presented more effectively to novice programmers. 
 
The analysis focused on four instructional components: 
 

● conceptual understanding; 
● representative algorithm examples; 
● classroom learning activities; and 
● common misconceptions experienced by beginner programmers. 

 
Rather than emphasising algorithm efficiency or mathematical analysis, the pedagogical analysis focused 
on how each paradigm could facilitate the development of algorithmic thinking in introductory 
programming instruction. 
 
Phase 4: Framework Development 
 
The findings obtained from the previous phases were synthesised into the proposed Algorithm Design 
Patterns framework. 
 
The framework was organised into a structured instructional model comprising five algorithm paradigms 
that are intended to assist educators in presenting algorithm concepts systematically while supporting 
learners in recognising recurring problem characteristics before implementing program solutions. 
 
Unlike conventional instruction, where algorithm paradigms are often introduced independently, the 
proposed framework provides a conceptual organisation that highlights the relationships among different 
problem-solving strategies and encourages transferable algorithmic thinking. 
 
3.2 Proposed Methodology Framework 
 
Figure 1 illustrates the overall process for developing the proposed conceptual framework. The framework 
development began with a comprehensive review of relevant literature, followed by the identification of 
fundamental algorithm paradigms commonly taught in introductory programming courses. Each paradigm 
was then analysed from a pedagogical perspective before it was integrated into a unified conceptual 
framework that supports algorithmic thinking among beginner programmers. 
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Figure 1. Framework Development Process 

 
The methodology adopted in this study emphasises systematic knowledge synthesis rather than 
experimental validation. As a result, the proposed framework should be viewed as a conceptual instructional 
model that provides a foundation for future classroom implementation and empirical evaluation in beginner 
computer science education. 
 
4.  Proposed Algorithm Design Patterns Framework 

4.1 Framework Overview 
 

The proposed Algorithm Design Patterns (ADP) framework was developed to support the teaching 
and learning of algorithmic thinking in beginner computer science education. The framework organises 
fundamental algorithmic paradigms into structured instructional patterns. These patterns assist novice 
programmers in analysing computational problems and selecting appropriate solution strategies before 
implementing code. 

 
Unlike conventional approaches that present algorithm paradigms as independent topics, the proposed 
framework emphasises the relationships among different problem-solving strategies. By recognising 
recurring problem characteristics, learners are encouraged to develop transferable algorithmic thinking 
rather than memorising individual algorithms. This approach is intended to help beginner programmers 
understand when and why a particular algorithmic strategy should be applied. 
 
The framework consists of five fundamental algorithm paradigms commonly introduced in introductory 
programming and algorithm courses: Divide and Conquer, Greedy Algorithms, Dynamic Programming, 
Backtracking, and Recursive Patterns. These paradigms were selected because they represent distinct 
approaches to computational problem-solving and collectively cover a broad range of algorithmic concepts 
introduced at the undergraduate level. These paradigms are well established in algorithm curricula and 
collectively illustrate decomposition, local choice, reuse of subproblem solutions, systematic search, and 
recursive abstraction (Cormen et al., 2009; Liu et al., 2025). 
Figure 2 presents the overall structure of the proposed Algorithm Design Patterns framework. 
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Figure 2. Proposed Algorithm Design Patterns Framework 

 
The framework begins with problem identification, in which learners analyse the characteristics of a 
programming problem before selecting an appropriate algorithmic strategy. After identifying the problem 
characteristics, learners determine which algorithm paradigm best matches the problem. Finally, the 
selected strategy guides algorithm development before program implementation. 
 
4.2 Algorithm Design Patterns 
 

The proposed framework consists of five algorithm design patterns that collectively represent 
different approaches to computational problem solving. Representative algorithms accompany each pattern, 
along with suggested classroom activities and common misconceptions frequently encountered by beginner 
programmers. These instructional elements are intended to assist educators in designing learning activities 
and, at the same time, help students recognise recurring problem characteristics. 
 
Divide and Conquer 
 
Divide and Conquer introduces learners to the concept of decomposing a complex problem into smaller 
independent subproblems that can be solved separately before combining their solutions. This paradigm 
strengthens learners' understanding of recursive decomposition and systematic problem analysis. 
Representative algorithms include Merge Sort, Quick Sort, and Binary Search. Classroom activities may 
involve tracing recursion trees and analysing recursive execution, while common misconceptions include 
incorrect base-case identification and misunderstanding recursive decomposition. 
 
Greedy Algorithms 
 
Greedy Algorithms solve optimisation problems by selecting the locally optimal choice at each decision 
stage. This paradigm encourages learners to evaluate alternative solutions in the context of immediate 
decision-making, while understanding that local optimisation does not always guarantee a globally optimal 
solution. Typical examples include Activity Selection and Huffman Coding. Classroom activities may 
involve scheduling simulations and algorithm comparisons, whereas common misconceptions arise when 
students incorrectly assume that every optimisation problem can be solved using a greedy approach. Active-
learning research on greedy algorithms also shows the importance of requiring students to justify why a 
greedy choice is valid rather than applying the strategy mechanically (Velázquez-Iturbide, 2013). 
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Dynamic Programming 
 
Dynamic Programming focuses on solving optimisation problems by storing previously computed results 
to avoid recomputation. Students are introduced to concepts such as overlapping subproblems and optimal 
substructure through representative algorithms, including Fibonacci, Knapsack, and Longest Common 
Subsequence. Suggested classroom activities include constructing dynamic programming tables and 
comparing recursive and dynamic programming solutions. Common misconceptions include confusing 
memorisation with tabulation and applying dynamic programming to problems that lack overlapping 
subproblems. The need to identify overlapping subproblems and optimal substructure makes this paradigm 
particularly demanding for novice learners (Liu et al., 2025). 
 
Backtracking 
 
Backtracking introduces systematic search techniques that explore multiple solution paths while 
eliminating invalid alternatives. Representative problems include the N-Queens problem, Sudoku, and 
maze-solving algorithms. Classroom activities may involve drawing state-space trees and tracing search 
paths. Beginner programmers commonly struggle to distinguish between backtracking and brute-force 
search and often neglect pruning strategies that improve search efficiency. Its pedagogical value lies in 
making decision points, constraints, and the consequences of reversing choices visible to learners (Fojtík 
& Jirásková, 2014). 
 
Recursive Patterns 
 
Recursive Patterns strengthen learners' understanding of recursive reasoning by solving problems through 
smaller instances of the same problem. Representative algorithms include Factorial, Tower of Hanoi, and 
Tree Traversal. Classroom activities focus on tracing recursive function calls and analysing recursion trees. 
Common misconceptions include incorrect base-case definitions, infinite recursion, and misunderstanding 
recursive return values. These difficulties are consistent with research showing that learners commonly 
struggle to form accurate mental models of recursive execution and call-stack behaviour (McCauley et al., 
2015). 
 

Table 2. Summary of the Proposed Algorithm Design Patterns 
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4.3 Framework Summary 
 

The proposed Algorithm Design Patterns framework provides a structured approach for 
introducing algorithm paradigms in beginner computer science education. Instead of presenting each 
paradigm independently, the framework organises them into a coherent instructional model that assists 
learners in recognising problem characteristics before selecting appropriate solution strategies. This 
organisation supports the development of algorithmic thinking by encouraging students to analyse problems 
systematically rather than relying solely on programming syntax or memorised algorithms. 
 
The inclusion of representative examples, classroom activities, and common misconceptions further assists 
educators in planning instructional activities while helping novice programmers develop a deeper 
conceptual understanding of algorithm design. Consequently, the framework serves as a practical reference 
for teaching introductory algorithm concepts. It provides a foundation for future implementation in beginner 
programming courses such as CSC126: Fundamentals of Algorithm and Computer Problem Solving. 
 
5.  Discussion 
 

The proposed Algorithm Design Patterns (ADP) framework provides a structured instructional 
approach for teaching algorithmic thinking in beginner computer science education. Unlike conventional 
instruction, which introduces algorithm paradigms independently, the framework organises five 
fundamental paradigms into a coherent conceptual model that emphasises problem analysis before 
algorithm implementation. By encouraging learners to identify problem characteristics before selecting an 
appropriate solution strategy, the framework promotes transferable algorithmic thinking and reduces 
reliance on trial-and-error programming. This emphasis is consistent with recent studies highlighting the 
importance of structured algorithm-design reasoning and instructional support in programming education 
(Liu et al., 2025; Song et al., 2021; Duran et al., 2022). 
 
The framework also provides practical guidance for educators who teach introductory programming and 
algorithm courses. The inclusion of representative algorithms, suggested classroom activities, and common 
misconceptions offers a structured reference for lesson planning and classroom implementation. Rather 
than preparing instructional materials independently for each algorithm paradigm, educators may use the 
proposed framework as a guide for organising learning activities that progressively develop students' 
algorithmic reasoning. The inclusion of classroom activities aligned with CSC126: Fundamentals of 
Algorithm and Computer Problem Solving further demonstrates the framework's potential applicability 
within undergraduate computer science curricula. Evidence from scaffolded and collaborative 
programming activities indicates that carefully designed supports can strengthen computational thinking, 
self-efficacy, knowledge transfer, and motivation (Wei et al., 2021; Angeli, 2022; Shin et al., 2024). 
 
Another important contribution of the framework is its ability to connect different algorithm paradigms 
within a single instructional structure. Conventional programming instruction often presents Divide and 
Conquer, Greedy Algorithms, Dynamic Programming, Backtracking, and Recursive Patterns as separate 
topics. Consequently, students often perceive each paradigm as unrelated knowledge rather than 
recognising their shared purpose as problem-solving strategies. The proposed framework addresses this 
limitation by encouraging learners to identify common problem characteristics before selecting suitable 
algorithmic approaches, thereby supporting the development of transferable algorithmic thinking. The use 
of recurring pedagogical structures also reflects broader recommendations for coherent teaching strategies 
in programming education (Bjursten et al., 2023; Liu et al., 2025). 
 
Although the proposed framework provides a structured conceptual model for teaching algorithmic 
thinking, this study is limited to conceptual framework development and does not include classroom 
implementation or empirical evaluation. Therefore, the framework's educational effectiveness has not yet 
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been measured. Future studies should investigate its implementation in introductory programming courses 
to examine its impact on students' algorithmic thinking, programming performance, and learning 
experiences. Such investigations provide empirical evidence of the framework's usefulness across different 
educational contexts. Overall, the proposed Algorithm Design Patterns framework complements rather than 
replaces existing programming pedagogy by providing educators with a structured reference for teaching 
algorithmic thinking through recurring algorithm-design strategies. 
 
6.  Conclusion 
 

Algorithmic thinking is a fundamental competency in beginner computer science education 
because it enables learners to analyse computational problems systematically before developing program 
solutions. However, novice programmers often struggle to select appropriate algorithmic strategies when 
algorithm paradigms are introduced as isolated topics. 
 
This study proposed the Algorithm Design Patterns (ADP) framework, a conceptual instructional model 
that organises five fundamental algorithm paradigms into reusable learning patterns for beginner computer 
science education. Developed through a conceptual synthesis of the literature, the framework integrates 
algorithmic thinking, instructional scaffolding, and design-pattern principles to support systematic problem 
analysis and algorithm selection. 
 
Rather than focusing solely on algorithm implementation, the framework encourages learners to recognise 
problem characteristics before choosing an appropriate solution strategy. The inclusion of representative 
algorithms, classroom activities, and common misconceptions provides educators with practical guidance 
for teaching introductory algorithms. 
 
Although the framework has not yet been empirically validated, it provides a foundation for future 
classroom implementation and evaluation, particularly within introductory courses such as CSC126: 
Fundamentals of Algorithm and Computer Problem Solving. Overall, the proposed Algorithm Design 
Patterns framework offers a structured pedagogical reference that supports algorithmic thinking, systematic 
problem solving, and future empirical research in beginner computer science education. 
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