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ABSTRACT 

Educators in the current era face more pressure to meet learners' growing digital age learning 

needs, which may require fostering more vital computational thinking skills. To ensure the 

desired learning outcomes are attained, it is critical to know how to provide the appropriate type 

of guidance and assistance. The findings of this research may be significant to computer science 

instructors and instructional designers interested in fostering computational thinking skills and 

improving programming skills by designing effective worked examples. Following the 

integrative review methodology, the study examined the current literature on worked examples 

in a programming setting to determine the compelling designs of worked examples. In addition, 

this study examined the most employed instructional design principles in developing effective 

worked examples and explored factors and circumstances that may have impacted the 

effectiveness of those designs. This study's findings indicated several successful designs of 

worked examples to promote computational thinking skills in programming problems.  
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GENERAL AUDIENCE ABSTRACT 

Educators focus on fulfilling learners' expanding digital age learning requirements, which may 

require developing more critical computational thinking skills. It is vital to understand how to 

give appropriate guidance and support to achieve the intended learning results in programming 

courses. The outcomes of this study may be helpful to computer science educators and 

instructional designers who aim to support learners in gaining more advanced computational 

thinking skills. The study used the integrative review approach to investigate the current 

literature on worked examples in a programming context to discover the compelling designs of 

worked examples. The study provides information about the factors that may affect the design in 

addition to discuss several instructional design principles in regard to worked examples. The 

outcomes of this study showed numerous successful designs of worked examples that are helping 

in enhancing computational thinking skills in programming tasks.
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Chapter One 

Introduction and Need for the Study 

Introduction and background 

Over the previous few decades, the world witnessed tremendous economic and 

technological developments from the twentieth to the twenty-first century. In this extraordinarily 

challenging, diverse, and developed time, it could be assumed that the new generations who 

grow up in today's educational system will live their adult lives experiencing a multitasked and 

technologically advanced world. Equally important, various advanced skills need to be 

developed to keep up with the world's rapid economic development. To stay competitive with 

global and economic challenges, more consideration of 21st-century skills is needed to empower 

learners with the ability to navigate the dynamics that are involved in today's time (Chu et al., 

2021). Also, there is a need for creative thinking and problem-solving skills to handle complex 

technologies such as “artificial intelligence, robotics, the Internet of Things, and analytics” 

highlighted by the rapid shift in skills needed across all professions (Kale et al., 2018, p.574). 

 According to the McKinsey Global Institute's research, computational thinking skills, 

programming literacy, and data analysis are examples of the digital foundational skills that 

individuals should gain for their future employment (Dondi et al., 2021). The results revealed a 

significant demand for technological, social, emotional, and higher cognitive skills, which will 

become increasingly relevant in the future (Dondi et al., 2021). With regard to the significance of 

computational thinking skills, many efforts have been made to enhance those skills while 

learning. For instance, many “initiatives by the U.S. Government and Department of Education, 
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such as Digital Promise, MakerEd, and Nation of Makers” are recognizing the importance of 

computational thinking skills (Kale et al., 2018, p.575).  

Also, “President Obama proposed that every student from kindergarten through high 

school should have access to computer science and mathematics courses to be equipped with 

computational thinking skills” (D’Alba & Huett, 2017, p.3). Moreover, the Computer Science 

Teachers Association (CSTA) and the International Society for Technology in Education (ISTE) 

worked to discover more information about computational thinking concepts and methods, and 

how they have been applied in several fields (CSTA & ISTE, 2011; Kale et al., 2018).  

Apart from this, the interest in computational thinking (CT) in K-12 schools increased, 

particularly, the acquisition of higher order thinking skills and digital skills (Angeli & 

Giannakos, 2020). Researchers have advocated for integrating CT into K-12 curricula because it 

enables the next generation to improve problem-solving skills (Kong, 2019). 

 Accordingly, several researchers and instructors are interested on how to embed CT 

within the curricula and how to promote CT skills (Kong et al., 2018). From an educational 

standpoint, CT is promoted through programming courses as a tool since it can be induced by 

programming skills and knowledge, and learners manifest their knowledge about CT skills by 

employing programming tools (Araujo et al., 2017; Kong et al., 2018).  

Programming includes a variety of cognitive abilities that assists the learner in 

developing crucial skills like critical thinking skills, problem-solving skills and creativity (Durak 

et al., 2019). All previously mentioned skills are embedded in the computing courses, and it may 

be accomplished by including them in programming activities (Durak et al., 2019). Programming 

instruction showcases and promotes CT skills through providing interaction with screen-based 
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and physical artifacts (Goode et al., 2012; Kafai & Burke, 2013). However, developing effective 

programming instructions with providing the appropriate support is not an easy task for 

educators (Santos et al., 2020). Jones and Davis (2008) claimed that “effective teaching begins 

with effective planning of instruction” (p.24).  

Planning for effective instructions required following an organized system based on 

theoretical foundation. Instructional design (ID) is a systematic approach for designing and 

developing instructions following learning theories and principles to produce sufficient 

instructions (Dick et al., 2001). Therefore, it is necessary to consider one of the fundamental 

beliefs in the field of ID - in order to develop instruction effectively we should recognize that 

different learning outcomes might require different instructional strategies (Jonassen, 2000; 

Gagné, 1985). To simplify, different problematic situations could require different abilities to 

find solutions using different reasoning skills which play a huge role in generating effective 

solutions. Therefore, exploring ways that educators and instructional designers can successfully 

embed and promote CT with instruction is critically vital for solving problems. 

Need for the Study 

It has been shown that providing programming instructions is contributed to be a 

significant difficulty in the field of computer education (Harangus & Kátai, 2020). CT is an 

important factor to enhance learners’ academic performance in science, technology, engineering, 

and mathematics (STEM) (Fernández et al., 2018). Barr and Stephenson (2011) stated that in K-

12 settings, CT is considered as “a problem-solving methodology that can be automated and 

transferred and applied across subjects” (p.51). However, the main issue that appears in the 

existing literature about computational thinking is that there is a need to provide K-12 teachers 
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with an appropriate preparation of instruction for 21st century skills (Oliveira et al., 2019). It is 

necessary to provide teachers with curricular content, models, and instructional strategies that 

could be combined with advanced skills to facilitate the learning process (Barr & Stephenson, 

2011).  

In addition, “for CT education to further develop, teachers need to be systematically 

prepared in terms of how to design CT learning activities, how to teach CT, how to assess CT, 

and how to use technologies to teach CT concepts” (Angeli & Giannakos, 2020, p.3). CT skills 

are higher-order skills and these “higher-order thinking skills necessitate complex cognitive 

activities in individuals, it may be a cause of conflict for individuals as they require different 

learning outcomes” (Güney, 2019, p.145). This sentiment appears clearly in some studies that 

identify computational thinking as a “difficult concept to study” (Lyon & Magana, 2020, p. 

1187). 

Moreover, teachers and educators are challenged on how to teach CT, and there are 

certain difficulties in learning and improving higher-order thinking skills among learners. For 

example, some challenges that related to the nature of acquired skills gained by the novices 

include the lack of problem-solving skills, lack of analytical skills, lack of logic and reasoning 

skills, and lack of algorithmic skills (Butler & Morgan, 2007; Ismail et al., 2010). Arriving to 

courses with a lack of these skills negatively affects the learners’ academic performance. Also, 

learners face a variety of challenges when it comes to programming learning, which is a 

complicated process that necessitates a wide range of skills (Alvarez et al., 2022). According to 

the findings of computer science research, learners become lost and overwhelmed in coding 
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procedures (Durak, 2020). As a result, learners prioritize coding over designing the solution of 

the problem which leads to poor gain of CT skills (Bucci et al., 2001). 

Lye and Koh (2014) noticed that one major factor that influenced learners in enhancing 

their CT skills was the cognitive load that is associated with designing, planning, and 

implementing solutions for problems. Furthermore, when it comes to managing these solutions 

and automating them through programming, the learners are exposed to an additional heavy 

cognitive load (Bakar et al., 2019). The lack of suitable guidance and support instruction for CT 

practices with programming results in poor programming reflection and prevents achieving 

instructional outcomes (Grover & Pea, 2013; Lye & Koh, 2014). 

Thus, building a “supportive environment with plenty of guidance can help gain the 

necessary skills to think like a computer scientist and achieve one’s full potential” (Seneviratne, 

2017, p.31). This is especially significant because learners may have to go through a constant 

trial-and-error process to get at the proper solution rather than thinking and planning before 

programming (Brennan & Resnick, 2012). Several studies emphasized the need to become 

skilled in computational thinking before learning to program, and they suggest that programming 

instruction, as well as computing theory, must be conveyed in a form that learners can 

understand (Fletcher & Lu, 2009; Guzdial, 2008; Qualls & Sherrell, 2010; Wing, 2008). Fletcher 

and Lu (2009) stated that “teaching of computational thinking is a noble goal, but it also has 

pedagogical challenges” (p. 261). Learners must be well prepared before taking on increasingly 

complicated computational tasks. Promoting CT in instruction will be recognized gradually as 

learners go beyond simply using technology to create information and solve problems 
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(Czerkawski, 2015). Additionally, because of the interrelated skills associated with CT, if 

learners fail to develop their CT skills due to lack of the teaching method, poor instructional 

materials, or support, they might fail to improve other related skills. 

 In addition, a limited body of literature explicitly discusses the relationship between 

promoting computational thinking in programming problems and the instructional design field 

(Hsu et al., 2018). Therefore, instructors and instructional designers may find guidelines or 

methods for applying and promoting CT, based on the instructional design's theoretical bases, 

significantly productive in promoting CT more effectively in learning.  

Purpose of the Study 

It is important to recognize that computational thinking is a thinking process that uses 

fundamental computer science principles to solve problems, computers are just machines, and 

humans are following computational thought processes to generate solutions for those problems 

(Hsu et al., 2018; Wing, 2008). Faber et al. (2017) argued that problem solving, and associated 

cognitive skills are important skills that could be developed through CT as a thought process and 

ultimately implemented as a tool. Many studies investigated various tools to implement CT 

solutions such as, programming tools, robotics, and unplugged activities (Hartmann et al., 2001; 

Kafura & Tatar, 2011; Kong & Abelson, 2019). CT is more than just programming; it is a 

problem-solving method that uses programming as a tool to develop solutions (Hazzan et al., 

2020). 

Additionally, ISTE (2011) aims to help learners to be computational thinkers rather than 

users who apply knowledge without cognition; thus, computational thinking stretches across 

disciplines to achieve this goal. Consequently, achieving different computational thinking sets 
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requires “focusing on students’ individual needs, requirements, and learning environments” 

(Labusch et al., 2019, p. 72). Moreover, according to Lyon and Magana (2021) design-based 

research recommendation in regard to CT, there is a need to scaffold learners, allow learners to 

share and compare their knowledge, and allow them to promote their explanations and their 

thinking. 

Furthermore, with programming, the digital "environments may not fully support all 

functions and features of a programming language," thus, there is a need to pay attention to 

providing enough assistance for programmers, particularly novices (Song et al., 2021, p.2). 

Moreover, without adequate guidance on how to employ CT skills in problem solving, learning 

programming may not be successful enough to achieve instructional goals in CT, and it will 

reflect insufficient learning experience (Grover & Pea, 2013). 

On the other hand, providing effective support instructions in the programming domain 

necessitates a conscious understanding of the different types of programming tasks as well as the 

proper instructional strategies to ensure that the required assistance is presented suitably (Raj et 

al., 2018). Solving programming problems may be different based on the type of the problem. 

CT may be suited to solve well-structured problems, ill-structured problems, and more 

complicated problems (Moore et al., 2020). Most programming problems encountered in formal 

learning environments are more well-structured tasks (Kölling, 1999). One example of an 

effective instructional strategy that has been used to support well-structured problems is worked 

examples (Crippen & Earl, 2007).  

Worked examples as an instructional technique are used to teach learners how to employ 

functional programming efficiently (Garces et al., 2022). Yet, in order to guarantee that worked 

examples are used effectively as a support technique, we must consider how to construct them 
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properly from an instructional design standpoint (Nainan & Balakrishnan, 2019). Considering 

the following two points, first, in order to assist knowledge construction, worked examples must 

be suitably constructed (Atkinson et al., 2000; Moreno, 2006). Second, worked examples should 

be presented in a way that aids learners in organizing and constructing knowledge so that 

retrieving similar information fits the information needs for future tasks (Driscoll, 2005). 

Moreover, from an instructional design perspective, learning theories offer a solid basis 

in assisting the learner. Multiple learning theories have been developed by researchers in 

cognitive psychology and education to create learning environments that enhance learning 

(Greeno et al., 1996), and they function as the fundamental base in the instructional design field. 

The theoretical bases are a “significant element in ID practice, especially as it guides designers in 

the selection of instructional solutions” (Richey et al., 2011, p. 63).  

Therefore, for the purpose of this study, it is important to think about how to design and 

develop appropriate worked examples that aim to promote CT skills in well-structured 

programming problems. The goal of this study is to provide a comprehensive understanding of 

existing support strategies and tools for teaching CT using worked examples. Providing 

comprehensive information may assist instructional designers and educators in designing and 

developing worked examples and used in well-structured programming problems. 

Research Questions 

This study aims to address the following questions: 

1.     Based on the literature, how have worked examples (involving computational 

thinking skills) been designed? 
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2.     What instructional design principles have been recognized in the literature and need 

to be considered when designing WEs to promote CT skills?  

3.     What factors or circumstances might have an impact on the development of WEs for 

well-structured programming problems?  

4.     What are some examples of effective WEs for well-structured programming problems 

that have been identified in the literature? 

Study Benefits 

Enhancing learners’ CT skills is very important because CT “teaches us to think, to find 

ways to solve a problem, to organize and plan the resolution of a task” (Figueiredo, 2017, p.36). 

The necessity to equip learners to obtain CT skills and become programmers is critical not just 

for the computer science field but also for a variety of other professions such as data scientists, 

engineers, and economists (Giannakos et al., 2017). There are several advantages to investigating 

principles of designing effective worked examples. According to Lye and Koh (2014), when 

given programming problems, no less than 11% of learners request support from the content's 

support resources, such as worked examples, to solve the problems. Employing worked 

examples and practice problems actives the prior knowledge and helps in helps in acquisition of 

a wide range of problems schemas (Jonassen, 1997). They are helpful for learners, especially 

novice learners with little prior knowledge, since reviewing an example can reduce cognitive 

load (McLaren & Isotani, 2011). Also, they improve a learner's understanding of a problem, 

which results in deep learning (Sweller & Cooper, 1985). Therefore, providing instructional 

designers and instructors with comprehensive information on developing efficient worked 

examples is vital to accomplishing future desired educational goals in the realm of CT and 

programming. 
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 The Study Definitions and Acronyms  

Several definitions and acronyms are included in this study; certain definitions will be 

addressed in Chapters two and three when they appear. 

The study used the following acronyms: 

●      CT: Computational Thinking. 

●      WE: Worked Examples. 

●      ISTE: International Society for Technology in Education. 

●      CSTA: Computer Science Teachers Association. 

●      ID: Instructional Design. 

●      STEM: Science, Technology, Engineering, and Mathematics. 

●      CLT: Cognitive Load Theory. 

●      IR: Integrative Review.  
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Chapter Two 

Review of the Literature 

This chapter provides literature review about computational thinking (CT), definition, 

core elements, history of CT, and programming as a tool to deliver CT. After, it presents 

information about the implications of the field of Instructional Design within CT and problem 

solving. Then, it provides literature review about problem solving, and problem types. Lastly, it 

presents information about the instructional design of worked examples. 

Introduction to Computational Thinking 

Computational thinking (CT) skills are rapidly gaining prominence in conjunction with 

problem-solving skills that are necessary in the twenty-first century. Interestingly, CT 

proponents claim that the concepts and skills involved with CT are necessary for the success in 

an increasingly computerized environment (Weintrop et al., 2021). This success requires 

individuals to have the knowledge, and the needed practical technological skills to forest the 

ability to solve problems and troubleshoot them effectively (Angeli et al., 2016; Czerkawski, 

2015; National Research Council [NRC], 2011). As a result, globally, several countries 

contributed such skills to the k-12 curriculum to acknowledge the relevance of CT (Balanskat & 

Engelhardt, 2014). 

 For instance, the United Kingdom introduced several CT courses across all fields, that 

consist of computer science course, information technology course, and digital literacy course 

(Brown et al., 2013). Another example from Poland, where students are taught CT, computing, 

and problem-solving skills at the primary school level (Sysło & Kwiatkowska, 2013). While 

Australia has developed a specific CT course for primary and elementary levels with developing 

CT training as a national teaching course (Armoni, 2013). On the other hand, the South Korean 
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experience includes integrating 34 credits of computing courses that focus on CT, programming 

and problem-solving skills (Heintz et al., 2016). In the US, as it stated previously, President 

Barack Obama established the Computer Science for All to provide the current generation of 

American students with the computer science skills that are important in today’s world (Kale et 

al., 2018).  

Additionally, as a recognition of the importance of computational thinking, Carnegie 

Mellon University in Pittsburgh established a center for Computational thinking for conducting 

Problem-oriented Explorations (PROBEs), which attempts to apply innovative computing 

practices and solve problems (Voskoglou & Buckley, 2012).  

In conclusion, it can be observed that CT has become an essential topic of national 

education in many countries, either by providing CT as a specific course or developing a new 

teaching content that promotes those skills. Obviously, CT is not specialized in one field; it has 

occurred through many fields, and the current focus requires thinking about designing, 

delivering, and emerging skills within instruction (Wilkerson et al., 2020).  

History of Computational Thinking 

            The history of computational thinking may be traced back to the late 50s. According to 

Tedre and Denning (2016), Alan Perlis was one of the earliest computer pioneers to emphasize 

the importance of coding as a mental tool for solving a wide range of problems. During that 

period of time, computational thinking has been identified "as algorithmic thinking" that belongs 

to applying a specific order or sequence of actions to solve a problem and using a computer to 

automate that solution (Denning, 2009, p.28).  

After, in the 1960s, Perlis claimed that computers are more valuable for fostering a 

particular mindset about problems and designing solutions than using them as means (Katz, 
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1960). In the 1970s, educators worked to separate computing from mathematics, but it was hard 

to be accepted into conventional research institutions, which favored theoretically based courses 

rather than technical subjects (Tedre, 2014). 

Seymour Papert was the first who used the terminology of computational thinking (CT) 

in the LOGO programming language in their book Mindstorms in the 1980s (Papert, 1980). With 

Papert’s LOGO language, learners create several action procedures to control and navigate a 

turtle that follows the sequenced actions (Bråting & Kilhamn, 2021). Teaching with LOGO 

begins with sequencing turtle movements and applying recurrence before moving on to the 

abstraction by assigning sets of several procedures and operating inputs (Michaelson, 2018). 

Weir (1987) stated “that: Using variables in this way provides a concrete way of approaching the 

abstract notion of an algebraic variable as it occurs in school mathematics” (p. 23). According to 

Kafai and Burke (2013) learning and teaching with computers were revolutionized by Papert's 

work. However, working with computers is not only about running machines. Over various 

years, computer pioneers, like Dijkstra (1974) and Knuth (1974) reconfirmed that computing's 

discipline identification is derived from its distinct mental processes, and it is linked to 

algorithmic thinking.  

In addition, before joining MIT, Papert worked closely and was influenced by Jean Piaget 

and the cognitive development theory known as constructivism (Stager, 2016). At MIT, where 

LOGO programming developed, Papert defined “mechanical thinking” as the thinking type that 

learners are exposed to when learning to program in LOGO (Papert, 1993, p. 27).  

Consequently, Papert's work inspired various researchers, for example, Mitch Resnick, 

who was a former doctoral student of Papert’s project (Resnick, 2017). He was the director of the 

Lifelong Kindergarten research group at MIT that developed Scratch, which is a coding platform 
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for kids, and it inspired by LOGO, but it indicates that programming is “more tinkerable”, “more 

meaningful”, and “more social” (Resnick, 2014, p. 14).  

In conclusion, previous interventions and innovations were the start to educate learners to 

master the concept of "thinking like a computer" or "thinking like a computer scientist." 

(FLOYD, 2020, p.30). 

The Definition of Computational Thinking 

            As previously noted, Jeannette M. Wing (2006), in their seminal article, popularized the 

term computational thinking with the definition: “computational thinking involves solving 

problems, designing systems, and understanding human behavior, by drawing on the concepts 

fundamental to computer science” (p.33). As a result, CT has gained popularity in the United 

States K-12 education system (Lye & Koh, 2014). Several scholars have attempted to define 

computational thinking in a way that is both straightforward and understandable but there are 

many views regarding a concise definition (Barr & Stephenson, 2011; Brennan & Resnick, 2012; 

Grover & Pea, 2013). For example, CSTA and ISTE (2011) developed an “operational 

definition” of computational thinking that represents it “as a problem-solving process” that 

encompasses many characteristics “but not limited to”, like:  

●      Formulating problems in a way that enables us to use a computer and other tools 

to help solve them. 

●      Logically organizing and analyzing data 

●      Representing data through abstractions such as models and simulations 

●      Automating solutions through algorithmic thinking (a series of ordered steps) 

●      Identifying, analyzing, and implementing possible solutions with the goal of 

achieving the most efficient and effective combination of steps and resources 
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●      Generalizing and transferring this problem-solving process to a wide variety of 

problems (ISTE, 2011, paras.2). 

Mannila et al. (2014) stated that CT is “a term meant to encompass a set of concepts and 

thought processes that aid in formulating problems and their solutions in different fields in a way 

that could involve computers.” (p.1). The Royal Society (2012) described CT as “the process of 

recognizing aspects of computation in the world that surrounds us and applying tools and 

techniques from computer science to understand and reason about both natural and artificial 

systems and processes” (p. 29). Also, Aho (2012) viewed CT as a thought process included in 

problems formulation, and “their solutions can be represented as computational steps and 

algorithms” (p.832).  

Similarly, Grover and Pea (2018) explained CT as "thought processes involved in 

formulating a problem and expressing its solution(s) in such a way that a computer-human or 

machine – can effectively carry out” (p. 21). CT is also seen as a strategy for solving various 

problems, including systematic design, and planning based on computer science concepts 

(Soleimani et al., 2016). Likewise, Gretter and Yadav (2016) defined the CT in terms of core 

computer science principles that include many fundamental skills like abstraction, algorithmic 

thinking, pattern recognition, and decomposition.  

In other words, defining computational thinking, according to some experts, goes beyond 

computer science conspiracies. It has been stressed that it does not just encompass computer 

science practical concepts, but it also includes skills like problem-solving skills and algorithmic 

thinking skills (Kafai & Burke, 2013). 
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For the purpose of this study, CT is defined as a systematic problem-solving 

approach that incorporates several computer science fundamentals to solve problems with 

or without the use of a computer machine. 

Core Concepts of Computational Thinking 

The benefit of computational thinking is that it could be employed in several forms and 

applied in numerous fields (Barr & Stephenson, 2011). The primary premise underlying the 

computational thinking trend is that computer science knowledge and skills often have 

implications that may also benefit other areas (Ch’ng et al., 2019). According to the literature, 

CT encompasses a variety of skills that are included throughout CT models and frameworks 

(Hsu et al., 2018).  

Next, Table 1. shows a wide range of CT skills that were discovered in previous studies.   

Table 1  

Computational thinking skills.  
  

CT Skill Definition Resource 

Abstraction The ability to simplify and deal with the 
main/most critical ideas in a way that 
makes it easier to develop solutions. 

(Barr & Stephenson, 2011; 
Dasgupta et al., 2017; 
Grover & Pea, 2013; Wing, 
2006) 

Decomposition The ability to break the given 
problem/task into smaller 
subproblems/sub-tasks and chunks, that 
helps to facilitate reaching the solutions. 

(Barr & Stephenson, 2011; 
Dasgupta et al., 2017; 
Grover & Pea, 2013; 
Kilpeläinen, 2010) 

Data collection The ability to collect information that 
facilitates reaching the solutions. 

(Dasgupta et al., 2017; 
CTSA, 2011; Google, 
2018). 
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Data analysis The ability to evaluate the existing 
inputs that facilitates reaching the 
solutions. 

(Angeli et al., 2016; 
Atmatzidou & Demetriadis, 
2016; Basu et al., 2017) 

Pattern recognition The ability to identify the common 
features and the differences among the 
current inputs to facilitate reaching 
solutions. 

(Dasgupta et al., 2017; Lee 
et al., 2014) 

Data representation The ability to form inputs in symbols, 
words, images, or any form of 
representations to facilitate reaching 
solutions. 

(Barr & Stephenson, 2011; 
Moreno-León et al., 2015) 

Mathematical 
reasoning / or logical 

The ability to apply logical thinking to 
facilitate reaching solutions. 

(Grover & Pea, 2018) 

Algorithm design The ability to construct a step-by-step 
method to facilitate reaching solutions. 

(Barr & Stephenson, 2011; 
BBC, 2018; Dasgupta et al., 
2017) 

Parallelization The ability to deal with tasks 
simultaneously to facilitate reaching 
solutions. 

(Barr & Stephenson, 2011; 
Google, 2018; Moreno-
León et al., 2015) 

Automation The ability to use a computer (not 
necessary for programming) or a 
machine or a medium to deliver the 
solutions. 

(Grover & Pea, 2018; 
Fletcher & Lu, 2009; 
Forrest & Mitchell, 2016; 
Kafai & Burke, 2013). 

Modeling  The ability to build a model that emulate 
the solutions 

(Dasgupta et al., 2017) 

Transformation The ability to convert a collection of 
data.  

(Wing, 2006) 

Simulations The ability to build a model that imitates 
real-world elements.  

(Barr & Stephenson, 2011; 
Grover & Pea, 2013; Wing, 
2006) 
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Conditional logic The ability to identify the pattern that 
connects several events. 

(Grover & Pea, 2013) 

Visualization The ability to connect between elements 
visually to have a better understanding.  

(Hsu et al., 2018) 

Testing and 
debugging 

The ability to recognize errors in dealing 
with tasks/problems that prevent from 
finding the correct solutions. 

(Berland & Lee, 2011; 
Kazimoglu et al., 2012) 

Generalization The ability to develop rule model 
solutions for common problems (Palts & Pedaste, 2020).  

  
As a result of combining the skills mentioned above, researchers construct a set of computational 

thinking frameworks that are utilized in a variety of studies and investigations. There are several 

frameworks for introducing computational thinking, each intended to promote particular basic 

concepts or components of computational thinking (Romero et al., 2017).  

For instance, Barr and Stephenson (2011) developed a framework based on a 

combination of CT skills in the specific domain of context. The framework consists of data 

collection, decomposition, data representation, abstraction, algorithms, automation, and 

parallelization and simulation, and it has been applied in different contexts like computer 

science, science, mathematics, arts, social studies, and languages (Barr & Stephenson, 2011). 

While problem decomposition, pattern identification, abstraction, and algorithmic thinking are 

all part of Hoyles and Noss's (2015) framework.  

Moreover, Grover and Pea (2013) developed a CT framework that includes several skills 

like problem decomposition, data representation, abstraction, pattern recognition, and 

algorithmic design to implement possible efficient and effective solutions to a problem. Also, a 
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two-dimensional framework developed by Gouws et al. (2013) includes a specific dimension that 

combines processes and transformations, modulization and abstract, patterns recognition and 

algorithmic design, and evaluations. The second dimensional set covers the various degrees of 

practicing for these skills: recognize, understand, apply, and integrate (Gouws et al., 2013).  

Furthermore, an alternative framework suggested by Brennan and Resnick (2012) 

consists of three categories as the following:   

1. Computational concepts indicate “sequences, loops, parallelism, events, conditionals, 

operators, and data” (Brennan & Resnick, 2012, p.3). 

2. Computational practices indicate experimentation and iteration, test and debugging, and 

abstracting and modularization. 

3. Computational perspectives indicate learners' understanding and their communication 

with others in the digital world. 

Additionally, Weintrop et al. (2016) have designed a computational thinking taxonomy 

that includes a wide range of practices to be applied in mathematics and science. The taxonomy 

includes many computational thinking skills in association with other practices such as data 

representation, modeling and simulation, problem decomposition, and algorithmic thinking, as 

core concepts that are applied in math and science (Weintrop et al., 2016).  

As well, Selby and Woollard (2013) expanded the idea based on Wing's perspective by 

establishing a framework comprising five CT abilities: problem decomposition, abstraction, 

algorithms, evaluation, and generalization. 

For the purpose of this study, we will concentrate on Selby and Woolard (2013) 

computational thinking set skills as: decomposition, abstraction, algorithms, evaluations and 

generalization.  
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 Programming as a Vehicle to Promote Computational Thinking 

Problem-solving and cognitive skills are important skills that could be developed through 

CT as a thought process that leads to implementing a solution through a tool (Faber et al., 2017). 

That is to say, CT skills explore and solve problems in various disciplines, and those skills in any 

combination are required to be supplied or automated via particular tools, which result in a final 

outcome of the computational process (Hsu et al., 2018; Lye & Koh, 2014; Zhong et al., 2016). 

Numerous researchers have looked into various tools for incorporating computational thinking 

design, such as programming tools, robots, and unplugged activities (Kong & Abelson, 2019; 

Kafura & Tatar, 2011; Hartmann et al., 2001).  

Several instructors have claimed that teaching CT using programming languages is the 

most manageable and appropriate method to promote CT skills (Bers et al., 2014; Kazimoglu et 

al., 2012; Lye & Koh, 2014; Wolz et al., 2011; Zhong et al., 2016). 

However, there is a debate concerning the assumption that applying computer science 

concepts is the same as programming, which is not correct (Fletcher & Lu, 2009). To illustrate, 

Fletcher and Lu (2009) claimed that “as proficiency in basic language arts helps us to effectively 

communicate and proficiency in basic math helps us to successfully quantitate, proficiency in 

computational thinking helps us systematically and efficiently process information and tasks” (p. 

23).  

Furthermore, learning to develop CT skills is not the same as learning computer science 

as a topic, where computer science includes programming as a sub-field (Cansu & Cansu, 2019). 

According to the Computer Science Teachers Association (CSTA), computer science is defined 

as “the study of computers and algorithmic processes, including their principles, their hardware 

and software designs, their applications, and their impact on society” (Seehorn et al, 2011, p. 1). 
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Whereas computer programming is a broad term that refers to a variety of skills and activities 

that all include writing instructions for a computer which is required to achieve a particular result 

(Nouri et al., 2020).  

According to Yadav et al. (2017) “the idea of programming to support computational 

thinking goes beyond just coding and syntax and includes problem decomposition and 

algorithmic thinking” (p.1061). Therefore, programming helps to promote CT skills as being a 

vehicle to automate the outcomes of those skills.   

  Given the importance of computational thinking in problem-solving, various projects 

utilized programming tools as a vehicle to promote CT skills (Yadav et al., 2017). For instance, 

several K-9 teachers from different disciplines implemented CT concepts in various ways, 

including data collection, data analysis, data representation, and algorithm design with 

programming (Mannila et al., 2014). Likewise, Garneli et al. (2015) conducted a systematic 

review of the most commonly used programming tools for promoting CT skills in the K-12 

computer curriculum. The research discussed multiple programming obstacles and provided 

examples of the most effective instructional practices for introducing CT skills (Garneli et al., 

2015). 

 Also, Werner et al. (2012) developed a model for teaching and promoting CT skills 

using an innovative digital game that incorporates programming concepts. This game project 

allows learners to discover fundamental computer programming practices by supporting key CT 

ideas and explaining how they might be transferred to programming structures (Werner et al., 

2012).  

Moreover, Han et al. (2015) developed Entry, a visual programming environment that 

utilizes HTML5-based visual programming to assist learners in improving their computational 
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thinking skills. Learners with little or no programming experience may use Entry to build, 

upload, and present their own programming projects and learn programming in an exciting and 

simple method (Han et al., 2015). With relevance to visual programming, Scratch is one of the 

most common programming tool associates with the application of CT, it is a block 

programming language designed and developed at MIT media lab by the lifelong Kindergarten 

group, and it includes interacting with an online community (Figueiredo, 2017). When learners 

create programming projects with Scratch they are supposed to create, think, play and share 

thoughts collaboratively (Brennan & Resnick, 2012).  

In addition to Scratch, Alice is another example of a visual programming environment 

that has been utilized with CT skills and emphasized Java language concepts. Alice enables 

learners to create animations, design interactive stories, and program simple 3D games through 

the use of computational thinking skills and fundamental programming concepts (Papadakis et 

al., 2014). Furthermore, in collaboration with MIT, Google created the APP Inventor (AI) 

programming environment, which was built specifically for beginner programmers (Park & Shin, 

2019). Thus, programming plays an important role in delivering CT skills as Sanz (2015) stated 

that “computational thinking conducts a detailed analysis of problems. This helps not only in 

coding, but also in being able to analyze and thoroughly understand problems, identify patterns, 

and extrapolate solutions” (para.7). 

The preceding programming project examples, as well as other projects such as 

TACCLE-3, Blockly, Code.org, Tynker, and Kodu are intended to enhance computational 

thinking skills inside and outside the classroom (Aggarwal et al., 2017; Baratè et al., 2017; 

Garcia-Penalvo, 2016; Kale & Yuan, 2021; Ouyang et al., 2018). 
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To sum up, it is essential to consider that computer programming should be regarded as a 

tool for developing CT-related knowledge and skills. It is not only an information and 

communications technology (ICT) tool, and it is an important tool for developing CT skills 

(French Academy of Sciences, 2013). As a result, rather than just teaching learners how to write 

code, programming courses when integrating with CT-related skills will lead to more successful 

learning objectives (Buitrago-Flórez et al., 2017). Learners who develop CT skills via 

programming will be able to gain algorithmic thinking, problem solving, reasoning, and more 

skills (Tu & Johnson, 1990). 

 Instructional Design, Computational Thinking and Problem Solving 

            When it comes to comparison, there is a high degree of similarity between computational 

thinking and problem solving and information processes (Labusch et al., 2019). With 

computational thinking skills: 

The students demonstrate the ability to identify a problem, break it down into manageable 

steps, work out the important details or patterns, shape possible solutions and present 

these solutions in a way that a computer, a human, or both, can understand. 

Computational thinking can also involve structuring and manipulating data sets to 

support the solution process (IEA, 2016, p.1). 

Additionally, learners can enhance their critical and problem-solving skills by relying on 

the core skills and practices of CT (Zhang & Biswas, 2019). CT encourages us to think, seek 

solutions to problems, arrange and plan the implementation of a task, and utilize techniques and 

strategies for dealing with various tasks (Figueiredo, 2017). Therefore, several studies have 

attempted to achieve moderate success in assisting learners' performance in completing such 

activities (Song et al., 2021).  
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It is increasingly expected that the new generations would be an effective problem solver 

(National Research Council [NCR], 2012), educational systems, teachers and instructors have to 

promote problem-solving skills with a decent instructional design approach. Educational scholars 

and researchers have argued about the correlative connection between context and instructional 

design in addition to its influence on learning outcomes for a long time (Hiemstra & Sisco, 1990; 

Tessmer & Richey, 1997). Aside from the fact that learning takes place in context, it is also well 

known that learning is influenced by context (Snow, 1994), in particular with respect to 

acknowledging that instructional designers might “adjust contextual factors to facilitate 

instructional needs” (Tessmer & Richey, 1997, p.88).  According to Gagne (1985) “the central 

point of education is to teach people to think, to use their rational powers, to become better 

problem solvers” (p.85). In the context of problem solving, CT can be employed to develop an 

appropriate strategy for problem solving, including utilizing a proper and efficient algorithm to 

solve problems in a digital system via programming (Park et al., 2015). 

Nonetheless, it is essential to highlight that here are several obstacles to overcome in the 

learning process of CT, with a particular focus on the learner's programming performance. 

According to Song et al. (2021), those difficulties include task difficulty, coding difficulties, time 

management, and lack of guidance while practicing. CT does not imply that problems should be 

addressed in the same way that a computer does, yet instead, critical thinking should be utilized 

in conjunction with computer science principles (Kazimoglu et al., 2012). Further, teaching 

computational thinking is more challenging than teaching some CS courses like CS0 or CS1 

(Fletcher & Lu, 2009). It is also commonly known that learners lacking problem-solving skills 

would fail to develop their solutions in programmed tasks (Koulouri et al., 2014).  
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Also, many learners begin coding without understanding the critical stages in CT, which 

causes them to make several errors and prevents them from reaching the correct solution 

(Rajaravivarma, 2005). Consequently, teaching CT is necessary and demanding before creating 

programming codes since it provides learners with a description of the problems and proper 

planning for the solution before carrying it into the computer (Kazimoglu et al., 2012).  

That led us to think about the importance of the instructional design role in prompting those 

skills (CT and problem-solving skills) on one hand, and its critical role in developing effective 

teaching and learning strategies on the other hand (Branch & Kopcha, 2014). As stated by 

Jonassen (2000)” if we believe that cognitive and effective requirements of solving different 

kinds of problems vary, then so, too, must the nature of instruction that we use to support the 

development of problem-solving skills” (pp.81-82). It is also critical to provide a sufficient 

support structure for learners as they acquire computational thinking skills and programming to 

solve problems (Seneviratne, 2017). Furthermore, from instructional design perspective “the 

problem-solving process depends upon the problem solver’s understanding and representation of 

the problem state and goal state” (Jonassen, 1997, p.66). It is necessary to provide information 

on problem solving in the next part to better understand the problem-solving process and how it 

relates to programming instructions and CT skills. The following section will provide extensive 

information on problem solving. 

 Problem Solving 

As we are constantly confronted with problem-solving scenarios in daily life, problem 

solving is becoming one of the most important skills that students should learn. “Problem-

solving is inescapable in human life and is crucial for human survival” and it is one of the most 

crucial and fundamental skills in the modern world (Rahman, 2019, p.72). According to Binkley 
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et al. (2012), problem-solving skills, digital skills, and creativity are regarded as important in the 

twenty-first century. 

In the research field, problem-solving has a long and varied history (Lintern et al., 2018; 

Newell & Simon, 1972; NRC, 2012). For several decades, different disciplines investigated 

problem solving, for instance, mathematics (Taplin, 2006), physics (Hoskinson, 2013), chemistry 

(Potvin, 2019), software engineering (Gorschek & Mendez, 2021), and aerospace engineering 

(Altybayeva & Wood, 2019) and many other fields. Furthermore, there is a large and expanding 

body of literature investigating problem solving, particularly in education (Kim & Hannafin, 

2011).  

Before proceeding to problem solving and problem types, it is important to define the 

problem-solving process. Anderson (2015) defined problem solving as a “goal-directed behavior 

that often involves setting subgoals to enable the application of operators” (p.183). In addition, 

Gagné and Briggs (1974) viewed problem solving as high-order intellectual skills. 

A mental representation of the problem, as well as internal or external modification of the 

problem space, are all part of the problem-solving process (Jonassen, 2000; Reed, 201 6; Simon 

& Newell, 1971). It is viewed as performing a set of functions on an initial state that is identified 

by the problem constraints in order to reach a specific goal (Chi & Glaser, 1985). To clarify, 

“problem solving requires the mental representation of the situation”, or what it is known as 

problem space (Walker, 2015, p.32). Also, it necessitates “activity-based manipulation of the 

problem space,” either by internal or external manipulation (Jonassen, 2000, p.65). The problem 

space is seen as an essential feature that distinguishes problem types (Reed, 2016). According to 

Newell and Simon (1972) it “viewed as the space that is generated by starting with a set of initial 

objects and working outwards from these to other objects that can be reached from them, without 
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imposing any particular direction on the search” (p.428). In addition, manipulating the mental 

representation of the problem space occurs via several methods like thinking, searching for 

solutions, discussing with others, and so forth (Pel, 2018).  

Further, problems can appear as an impediment that must be solved in order to achieve 

the desired goal and the solver interacts with problem components that are contained within the 

problem space (Wood, 1983). The problem solver constructs a mental model of the problem 

space, beginning with the stated goal, understanding limitations, and recognizing the provided 

information about the problem (Reed, 2016). The mental representation expands as the solver 

gains knowledge about the problem or the task, including previous procedural expertise, domain 

specific knowledge, and the new information that is associated with the problem space 

(Jonassen, 2000).  

On the other hand, the problem space holds information regarding the steps that are 

required to solve the problem (e.g., the equation) (Reed, 2016; Simon & Newell, 1971; Zelazo et 

al., 1997). Therefore, problem solvers would employ various strategies to search through the 

problem space to find a path that leads to the desired goal (Dunbar, 1998).  

Problem Classification/ Types 

Greeno (1976) assumed that different types of problems require several skills; therefore, 

distinguishing between those problem’s types is important. The typology of problems introduces 

several categories that result in different outcomes, need distinct abilities, and are employed in 

various contexts (Arlin, 1989; Brabeck & Wood, 1990; Chi & Glaser, 1985; Jonassen, 2000). 

What we know about problem types is largely based upon empirical studies that investigated 

how they are varied and their features. The distinction classification of the types includes well-

structured problems and ill-structured problems (Dillon, 2002; Jonassen, 2000; Kitchner, 1983). 
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The classification of the problems is made based on the existence of the problem 

components. Several researchers have shown that problems with definite initial states, solutions, 

and limitations refer to well-structured problems; in contrast, vague statements refer to ill-

structured problems (Jonassen, 1997; Kitchener, 1983; Lee, 2004). This distinction between 

well-structured and ill-structured problems is made to illustrate the accuracy of problem solving 

rather than composing a precise line between types of problems (Sternberg, 1994). The current 

research focuses on well-structured problems. 

Distinguishing Between Well-structured and Ill-structured Problems 

Numerous scholars have attempted to define the ill-structured problem to prevent 

misunderstanding compared to the well-structured problem and thus propose appropriate 

solutions to specific problems (Allaire & Marsiske, 2002; Dillon, 2002; Duch, 2001; Gick, 1986; 

Greeno, 1976; Kitchener, 1983; Lee, 2004, Meacham & Emont, 1989; Schraw et al., 1995; 

Sinnott, 1989; Voss & Post, 1988). In addition, Newell and Simon (1972) considered the 

classification in terms of the degree to which the problem's goal is defined, the provided 

information, and whether or not problem-solving constraints are provided.  

Well-structured problems that include a "well-defined initial state (what is known), a 

well-defined goal state (nature of the solution is well defined), and a constrained set of logical 

operators (known producer of solving)" (Jonassen, 2000, p.67). Kitchener (1983) and Sternberg 

(1994) attempted to describe a well-structured problem in the context of possible solutions. As 

reported by Kitchener (1983), well-structured problems are problems that involve all the 

essential elements to solve problems effectively. Sternberg (1994) described well-structured 

problems as problems with well-defined solutions approaches.  
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On the contrary, ill-structured problems tend to be problems with no definitive or specific 

one answer, and they have limited assurance about possible solutions (Kitchener, 1983; Sinnott, 

1989). Likewise, Chi and Glaser (1985) explained that ill-structured problems are challenging 

due to the difficulty in specifying the starting state, formulating feasible actions to alter the initial 

state, and achieving the goals. In addition, ill-structured problems have many pathways and 

techniques for achieving different solutions and goals (Schraw et al., 1995).  

In conclusion, to detect the structuredness of the problem, several judgments may be 

formed, including identifying the solution starting state, the desired state, the problem 

restrictions, and application rules (Chi & Glaser, 1985; Greeno, 1976; Jonassen, 2000; Lee, 

2004; Luszcz, 1989; Wood, 1983). Structuredness has an enormous impact on problem-solving 

procedure because it facilitates the problem's representation, which is necessary for efficient 

problem solutions (Brabeck & Wood, 1990; Dabbagh, 2002; Duch, 2001; Jonassen, 1997). 

Lastly, well-structured problems define a specific circumstance that necessitates the application 

of a set of rules and principles, confined by specified constraints, and using predicted activities 

that are commonly employed to handle similar problems (Pulgar, 2019).  

Next section will provide an overview about the characteristics of both problems 

classifications, and it will start with ill-structured problems, then the well-structured problems 

characteristics. 

Ill-structured Problems Characteristics 

            Ill-structured problems as a term are types of problems that refer to complex, real-life 

situations; also, they are ones that learners encounter on a daily basis (Shin & McGee, 2018). 

Those problems are generally framed in real-life scenarios rather than particular limitations; 
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nonetheless, the constraints may include social, economic, and cultural factors subject to 

interpretation and negotiation by problem solvers (Goel, 1992).  

            Ill-structured problems, like well-structured problems, have distinct features, which 

include the following: 

-       They contain components that are unknown to us (Wood, 1983). 

-       They have undefined or unclear goals (Voss & Post, 1988). 

-       They can have numerous solutions and various paths, or none at all (Kitchner, 1983). 

-       They required various criteria for evaluating the effectiveness of the possible solutions 

(Jonassen, 1997). 

-       They do not have any average cases since the problem components are context-

dependent and distinctive (Spiro et al., 1988). 

-       They either have multiple solutions or nor solution (Kitchner, 1983), they also have 

“no consensual agreement on the appropriate solution” (Jonassen, 1997, p.68). 

To summarize, ill-structured problems are identified by a lack of specified and apparent goals, in 

addition to indicate predictable solutions (Chin & Chia, 2006). 

Well-structured Problems Characteristics 

Well-structured problems are often seen in formal educational settings, schools, 

educational institutions, and textbooks (Mason, 2019). As previously said, solving these 

problems requires implementing a particular set of steps and rules, and they have a well-defined 

initial solution state, a well-defined desired state, and a limited number of logical procedures 

(Chi & Glaser, 1985; Greeno, 1976; Jonassen, 1997).  

The following are some essential characteristics that differentiate the features of well-

structured problems: 



 

 31 

-       They are problems “for which there are absolutely correct and knowable solutions” 

(Kitchner, 1983, p.223). 

-       They required a stated criterion to evaluate the suggested solutions (Simon, 1973). 

-       They required presenting all the components of the problem (Jonassen, 2000). 

-       The initial problem state, the goal state, and any additional information that require at 

least one problem space to reach the solution (Simon, 1973). 

-       The problems involve well-structured concepts and rules in a particular domain that 

are further well-structured and anticipated (Jonassen, 1997). 

-        They have identifiable solutions with a known or deterministic connection between 

decisions and problem states (Wood, 1983). 

            To sum up, logic, algorithmic, or story problems, which are frequently seen on schools’ 

exams or “at the end of textbook chapters”, are primarily well-structured in nature (Jonassen, 

2000, p.67). Initial states, goal states, and transformation functions are all well-defined in these 

problems (Goel, 1992). Subsequently, success is measured by how well the solution works and 

how well it matches the correct answer (Toy, 2007). 

            This study is focusing on promoting CT skills in programming instructions within well-

structured problems as being the most common problem included in formal educational settings 

in schools and universities (Jonassen, 1997). They are also recognized as routine problems, 

requiring the application of suitable algorithms to produce solutions that may fully meet the main 

conditions of the solutions of the problems (Cross, 2021; Visser, 1996). Especially, that 

“solutions to ill-defined problems may be ambiguous, it is not possible to forecast whether an 

algorithm may fit the initial requirements” (Casakin, 2002, p.2).  
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The Knowledge of Problem-solving to Promote Computational Thinking 

Voskoglou and Buckley (2012) affirmed that CT is a problem-solving technique used in 

the computer science field and integrated into other fields, and it assists in promoting critical 

thinking and knowledge to solve problems.  

Hence, with instructions based on problem solving, instructors should pay attention to the 

knowledge base. To prepare skilled problem solvers, learners need to be encouraged and 

supported in gaining the knowledge required to solve problems (Kale & Yuan, 2021). Effective 

problem solving relies on domain-specific knowledge relevant to the problem, problem-solving 

techniques, and feelings and beliefs about one's interests and skills to solve the problem (Mentz, 

2013).  

Based on problem-solving research, Mayer and Wittrock (2006) classified four types of 

knowledge necessary to solve problems as the following: 

• Factual/Conceptual knowledge: refers to the fundamental information, such as facts and 

concepts, that must be recognized to solve a problem (Mayer & Wittrock, 2006). 

• Strategic knowledge: refers to the approaches required to develop solutions to a particular 

problem (Mayer & Wittrock, 2006). 

• Procedural knowledge: refers to knowing a series of specific procedures for completing a 

task (Mayer & Wittrock, 2006). 

• Metacognitive knowledge: refers to “the awareness of the one’s own thinking process, 

which supports the self-regulation in the problem-solving process” (Kale & Yuan, 2021, 

p.621). 
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Aside from the necessity of a knowledge foundation in designing instructions to promote 

various skills, instructional design pays attention to producing, maintaining, and evaluating 

instructional materials in terms of numerous theoretical basic elements (Martin, 2011). 

The Role of Instructional Design 

Instructional design, as “an applied, decision-oriented field”, emphasizes the importance 

of learning theories as paradigms for understanding human learning and knowledge transfer 

(Smith & Regan, 2005, p.18). It plays a significant role in supporting and enhancing several 

skills including problem solving. According to the research, specific instructional techniques 

supporting several previous types of knowledge can assist the problems solving processes 

(Akcaoglu, 2014; Kale et al., 2018; Mayer & Wittrock, 2006).  

Instructional design provides numerous theoretical guidelines for efficiently developing 

instruction that promotes skills such as problem-solving skills. Smith and Ragan (2004), 

suggested several techniques for improving acquisition skills and assisting learners, particularly 

novices in learning, such as: 

●      Using various problem representations, such as visuals and analogies.  

●      Helping learners to solve problems by providing them clues and hints at multiple 

levels.  

●      Providing search information techniques to assist learners in problem-solving.  

●      Decreasing the cognitive load by using job aids and visuals. 

Instructional design is critical for improving the effectiveness of learning experiences. The 

significance of instructional design varies between guiding learners to acquire knowledge, 

engaging learners in the learning process, and achieving the instructional goals (Neelakandan, 

2021). Instructional design is aiming to simplify challenging capabilities during the initial 
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learning phase so that learners may develop schemata without becoming overwhelmed 

(Margulieux et al., 2020). A schema (the plural of schemata) is “a data structure for representing 

the generic concepts stored in memory” (Rumelhart, 2017, p.34). Schemata known as “packets 

of knowledge” is associated with the schema theory, which explains its representations, and 

operates in particular ways to promote knowledge acquisition (Driscoll, 2005, p.129). 

Moreover, “if schemes are the primary determinants of expertise, then good instructional 

design may be defined as that which facilitates schema acquisition” (Cooper, 1990, p.109). 

On the other hand, cognitive load theory indicates that effective instructional material is 

necessary to promote learning by addressing “cognitive resources” into tasks related to schema 

acquisition (Cooper, 1990, p.109; Sweller, 1988). Cognitive load theory (CLT), developed by 

Sweller (1988), is concerned with the human cognitive architecture, schema acquisitions, and a 

variety of other cognitive processes. 

Managing the Cognitive Load 

Various learning theories have been developed to enhance the learning process and 

ensure achieving the desired goals (Greeno et al., 1996). In cognitive science, cognitive load 

theory (CLT) is considered as one of the most prominent topics (Zavgorodniaia, 2020). CLT is 

identified as “the load imposed on an individual's working memory by a particular (learning) 

task” (Van Gog & Paas, 2012, p.599).  

CLT highlighted the transformative value of learning through the observation and/or the 

imitation of others' performance (Sweller, 2004; Sweller & Sweller, 2006). The imitation of 

other’s performance is agreed with social learning theory by Bandura (Bandura, 1986). 

Discovering a vast amount of information on one's own is difficult and drawing knowledge from 

others is beneficial with "reorganize it to fit in with one's existing knowledge and use it to one's 
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own purposes" (Van Gog & Rummel, 2010, p.156). CLT differentiates three types of cognitive 

load that may affect the learning process as the following: 

●      Intrinsic cognitive load is underlying complexity of the new information (Chandler & 

Sweller, 1991) 

●      Extraneous cognitive load is underlying distracting or unnecessary information 

(Chandler, & Sweller, 1991) 

●      Germane cognitive load is underlying the linking between the new information and 

the current information (Sweller et al., 1998) 

CLT as a learning theory is based on the idea that working memory and long-term 

memory comprise the human cognitive architecture and that cognition occurs through the 

development of schemas stored in long-term memory (Sweller, 1988; Sweller, 2010). The load in 

working memory includes the mental process like, solving a problem, reasoning, and thinking 

(Caspersen & Bennedsen, 2007). Also, working memory is estimated to be restricted to handle 

about seven chunks of information, where humans can only handle two or three elements 

simultaneously (Miller, 1956). According to Garner (2002) “the degree of interactivity between 

the elements also affects the capacity of working memory” (p.2). Sweller (1988) noticed that 

when learners solved problems, they employed means-ends analysis, which necessitated a 

significant amount of cognitive processing and influenced schema development.  

In that regard, three essential cognitive processes are required to enhance the learning 

process; the initial process involves the “selection of the relevant information,” while the second 

and third processes include the “organization of the incoming information and its integration 

with existing structures in long-term memory” (Wouters, 2017, p.187). As a result, the majority 

of CLT research is dedicated to discovering instructional strategies that actively regulate the 
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cognitive process with a particular emphasis on minimizing the cognitive load (Caspersen & 

Bennedsen, 2007).  

To illustrate, observing others' performance on a variety of activities is one consideration 

of CLT that has captivated the researchers' interest in improving the learning process (Sweller, 

1988; Van Merrienboer & Sweller, 2005). Several studies have been conducted on investigating 

the influence of observing others' performance, often known as modeling, which has a sharing 

perspective with social-cognitive theory (Bandura, 1986; Collins et al., 1988; Van Merriënboer, 

1997). Modeling examples “involve an adult or peer demonstrating how to solve a problem” 

(Mayer, 2020, p.912). While worked examples (WEs) provide learners with a written 

description, precisely, they provide learners with step-by-step instructions for how the problem 

could be solved (Van Gog & Rummel, 2010). 

  In some scenarios, examples may be provided in a different style than traditional (e.g., 

video model), and this resulting in indicating those examples as a type of observational learning 

theory (Renkl, 2011; Rummel et al., 2009; Schworm & Renkl, 2007; Van Gog & Rummel, 

2010). For more clarification, Mayer (2020) provided a classification of those types of examples, 

including, traditional worked out examples (description with or/and graphic), modeling examples 

(demonstration via videos or graphics), practice problem (problem exercise on paper or 

computer), and concrete analogy (text-graphics, audio-graphics, game actively, virtual activity). 

As reported by Van Gog and Rummel (2004), the primary distinction between modeling 

the example and providing WEs is that with modeling, the individual illustrates and performs the 

procedure and explains what is occurring. In general, observing or noticing other people's 

performance is crucial since it improves learning and guides the construction of cognitive 

representations (Wouters et al., 2008). This performance is divided into two categories; physical 
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skills and process performance (e.g., playing tennis) and cognitive skills and process 

performance (e.g., problem-solving) (Collins et al., 1988). Observing physical skills performance 

occurs immediately, whereas cognitive skills performance is not noticeable, consequently, 

further explanation such as visual scaffolding is necessary (Wouters et al., 2008; Wouters et al., 

2007).  

Modeling and WEs are guiding the learner in solving problems, allowing “the learner to 

construct an initial mental model” that can assist learning throughout implementation (Wouters 

et al., 2008, p.187). Furthermore, it is essential to recognize the instructional design of those 

approaches. Both Sweller (2004) and Bandura (1986) stress the significance of using symbolic 

representations in words and visuals as a means of sharing knowledge with others. Example-

based theory, on the other hand, provides principles for the implementation of effective examples 

(Renkl, 2014b). It is crucial for instructional designers to understand the impacts of CLT since it 

helps them in creating materials more effectively and it advocates reducing the learning load 

(Sweller, 1988). 

However, to reduce the cognitive load while prompting computational thinking skills, a 

limited number of techniques have been identified. For example, worked examples, scaffolding 

activities, short videos, gestures with languages, multiple representations of the computational 

tasks, and interactive web-based environments (Grover et al., 2014; Krugel & Hubwieser, 2017; 

Looi et al., 2018; Moore et al., 2020). Accordingly, the common technique that also has several 

applications in programming domains is worked examples. 

Example-based learning and Worked Examples (WEs) 

            Observational learning, analogical reasoning, and learning from worked examples are 

three areas that are integrated with example-based learning (Renkl, 2014b). According to Dyer et 
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al. (2015) these research's areas revealed common principles that underlined the significance of 

the following: 

● “Learning with examples of a particular case” (Dyer et al., 2015, p.2). 

● “Providing multiple examples” (Dyer et al., 2015, p.2). 

● “Linking examples to underlying principles” (Dyer et al., 2015, p.2). 

●  Motivating learners to establish links between examples and concepts (Dyer et al., 

2015). 

Worked examples as a form of example-based learning are one of the most well-established 

effects in learning and instruction research (Chen et al., 2020; Renkl, 2012). 

            In consonance with cognitive load theory, learning problem-solving topics is aided by 

using WEs rather than traditional problem-solving techniques (Sweller & Cooper, 1985; Cooper 

& Sweller, 1987). Jonassen (2011) reported that most problem-solving support strategies, such as 

worked examples, assist learners in constructing their schema while also reducing cognitive load. 

Also, researchers have made significant contributions to worked examples when it comes to 

learning (Atkinson et al., 2000; Chi et al., 1989; Ward & Sweller, 1990). 

            Worked examples (WEs) defined as a method of providing step-by-step instructions to 

accomplish a particular task or solve a problem (Atkinson et al., 2000; Ayres, 2012). In other 

words, worked examples illustrate “algorithmic solutions” as techniques until reaching the 

completion of the task (Renkl, 2014a, p.392). Worked examples “give learners concrete 

examples of the procedure being used to solve a problem” (Morrison et al., 2015, p.22). They 

consist of typical components that include problem statements and sets of instructions that define 

the best producers to use to complete a specific task (Chen et al., 2016).  
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Worked examples have been widely and effectively employed in several fields, 

specifically with well-structured problems, such fields include algebra (Cooper & Sweller, 1987; 

Sweller & Cooper, 1985), mathematics (Hesser & Gregory, 2015; Retnowati, 2017), statistics 

(Paas, 1992), physics (Badeau et al., 2017; Saw, 2017; Van Gog et al., 2006), and engineering 

(Dart et al., 2020).  

Employing WEs in educational contexts was not a novel idea. Its origins may be drawn 

back to the mid-1950s through mid-1970s (Chen & Kalyuga, 2020). Research with WEs is 

linked to the problem-solving context, and it was the first example-based study conducted within 

the context of cognitive load theory (CLT) (Sweller & Cooper, 1985; Cooper & Sweller, 1987). 

Where learners were given worked examples first and then afforded the opportunity to solve 

problems on their own (Chen & Kalyuga, 2020). In comparison to traditional problem solving, 

Sweller and Cooper (1985) believed that the use of worked examples might improve productivity 

and skill development. Research shows that if novice learners are provided with worked 

examples and a variety of problems, they may obtain an additional load in working memory 

(Sweller & Cooper, 1985; Cooper & Sweller, 1987). As a result, numerous suggestions on this 

matter propose presenting worked examples and then repeating the same problems in practice 

(Chen et al., 2020; Sweller & Cooper, 1985).  

Worked examples are critical in offering constructive problem-solving guidance. They 

eliminate the necessity for applying ineffective problem-solving techniques, enabling learners to 

concentrate all of their mental effort on following the worked-out solution method (Van Gog & 

Rummel, 2010; Sweller & Cooper, 1985). Based on the research, worked examples may be 

utilized as a metaphor for problem solving that is likely to address physically practical examples 

or mentally recalled previously studied examples (Reed et al., 1994). Furthermore, learners are 
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able to generalize fundamental rules from examples, enabling them to solve problems in which 

portions of the solution method must be modified (Cooper & Sweller 1987; Paas, 1992; Paas & 

Van Merriënboer, 1994). 

Benefits of Worked Examples 

The benefits of employing worked examples within problem solving have been 

extensively proved in several studies across various disciplines. Beginning with the first study in 

algebra, Sweller and Cooper (1985) conducted a series of experimental research in algebra 

courses, within a diverse sampling including 9-year-olds, 11-years-olds, and undergraduate 

students. According to the findings of the study, effective worked examples aided the learning 

process by reducing consumer time and eliminating errors (Sweller & Cooper, 1985). Another 

research in the statistics domain, Paas (1992) revealed that using a sequence of worked examples 

followed by completion practices yielded successful outcomes. Also, Caspersen and Bennedsen 

(2007) looked at the usefulness of providing worked examples in programming courses. Their 

research came to the conclusion that combining worked examples with problem solving is a 

successful move.  

Consequently, it is obvious that worked examples are an effective educational method for 

providing step-by-step instructions on how to solve a specific problem (Kirschner et al., 2006; 

Wittwer & Renkl, 2010). Research shows that employing worked examples reveal numerous 

advantages. For instance, it enables learners to build on prior knowledge when creating new ones 

in order to understand how to solve problems (Chen et al., 2019). Also, it aids in reducing 

cognitive load when dealing with problems by helping learners to envision problem solutions 

with step-by-step instructions (Chen & Kalyuga, 2020). Moreover, this results in the use of 

recently acquired information in new problem-solving scenarios (Lange et al., 2021). Also, 
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providing inexperienced or novice learners with worked examples earlier in the problem-solving 

process can eventually help them solve problems effectively (Chen et al., 2019). Furthermore, 

learning with worked examples has been considered to be more beneficial for learning than 

problem solving procedure apart because it decreases unnecessary processing that may occur 

when solving problems without worked examples (Klepsch & Seufert, 2020; Retnowati et al., 

2017). 

Generally, worked examples as an instructional pedagogy has been shown to be 

successful in decreasing cognitive load and providing more attention to be invested in enhancing 

the development of long-term memory and gaining knowledge (Davenport, 2019).  

Worked Examples with Programming Domain and Computational Thinking 

Learning programming entails not just a thorough understanding of programming 

concepts, but also a thorough understanding of the programming process. Although there have 

been several studies that used worked examples for research purposes, there have been fewer 

studies in the programming domain. The first notable research demonstrating the importance of 

examples for programming domain began in the early 80s (Hosseini et al., 2020). According to 

Pirolli and Anderson (1985), utilizing examples can assist in guiding learners to solve multiple 

programming problems. Several investigations have emphasized the importance of employing 

worked examples to help learners gain programming skills in many programming languages.  

Some programming languages that have been taught using worked examples are listed below:  

●      LISP, a functional programming language, developed in the 1950s and used in 

Artificial Intelligence programming AI. (Lieberman, 1986; Weber & Brusilovsky, 2001). 

●      SQL was developed in the early 1970s, and is used for managing data in databases 

(Melton & Simon, 1993; Shareghi Najar et al., 2015). 
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●      Java was developed in the early 1990s, and it is used for internet-based applications 

and building web pages (Austerlitz, 2002; Brusilovsky & Yudelson, 2008). 

●      JavaScript, a text-based programming language developed in the middle of the 1990s 

and used for designing interactive web pages (Jensen et al., 2009). 

●      Snap!, a block-based educational graphical programming language developed in  (Zhi 

et al., 2019). 

●      Scratch, a block-based visual programming language, was developed in 2003 and 

targeted young learners (Maloney et al., 2010; Zhou et al., 2016).  

The implementation within worked examples in programming courses took many forms. 

For instance, using advanced tutoring to provide suitable support for learners while they are 

coding. Kumar (2016) utilized a computer-assisted tutorial method based on questions that 

directed learners in their learning. If a learner couldn't answer the questions, the system gave 

them an example with the identical problem and a precise explanation as feedback. Also, learners 

can select from a list of self-explanation questions with feedback (Kumar, 2016). Another 

example is research conducted by Abdul-Rahman and Du Boulay (2014) to investigate the effect 

of using an interactive web-based interface that includes several interactive worked examples, 

self-explanations, and hints as a strategy to guide learners while they learn to code. In addition, 

Najar and Mitrovic (2013) found that integrating WEs within an intelligent tutor contributed to a 

comprehensive scaffolding system consisting of various problems with encouraged self-

explanations and queries assessing learners' ways to solve those problems. Additional forms of 

worked examples can be found in textbooks, both printed and online. According to Hosseini et 

al. (2020) this form of WEs include programming tasks, WEs of a code, and an explanation of 

the coding algorithm.  
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            As it has been shown, WEs may be found in textbooks and tutorials as written comments 

linked to lines of code, videos and animated examples have taken their place as another way of 

modeling the coding work. Sorva et al. (2013) used visualization to teach the coding process in 

introductory programming courses. The research recommended employing visuals to assist 

inexperienced programmers and realizing the importance of the cognitive load and engagement 

when developing future programming courses (Sorva et al., 2013).  

Yet, few researchers have looked at using WEs to prompt CT skills using a range of 

techniques (for example, programming). Although programming is the most popular delivery 

mechanism for boosting CT skills because they are viewed as problem-solving strategies (Ch'ng 

et al., 2019), only a few research studies have addressed supporting developing CT skills using 

WEs. For instance, Grover (2017) analyzed a curriculum design in Foundations for Advancing 

Computational Thinking (FACT), “a middle school introductory computing curriculum” (p.269). 

As per the study, one technique for supporting learners was to use Khan Academy short tutorial 

videos followed by open-ended programming tasks. Furthermore, the researcher claimed that the 

tutorial videos were influenced by the effective utilization of WEs to minimize cognitive load, 

particularly for novice programmers (Grover, 2017). 

 Another example of integrating technology with teaching material is the Basogain et al. 

(2016) study, where researchers employed a series of video tutorials as a support system to allow 

learners to access the programming course and learn more about the subjects.  

Whereas the studies mentioned above showed how to utilize WEs successfully via 

different modes, several aspects impact the effectiveness of WEs as an educational method 

(Hoogerheide & Roelle, 2020). 
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Factors Affecting the Effectiveness of Worked Examples 

            Worked examples demonstrate that they are extremely helpful for skill acquisition and 

problem-solving tasks. Meanwhile, the efficacy of using worked examples in problem solving 

may be influenced by several factors (Neelen & Kirschner, 2021). Atkinson et al. (2000) 

provided a framework consists of three categories of the important factors affecting the worked 

examples design as:  

• Intra-example features are concerned with the presence of designing an example and the 

presentation of the step-by-step solution (Atkinson et al., 2000). 

• Inter-example features concerned with the precise connections between many examples 

and problems practiced within a single lesson (Atkinson et al., 2000). 

• Environmental/ situational features are concerned about how learners are processing examples 

(Atkinson et al., 2000). 

It also showed that integrated various types of elements of worked examples, text, 

visuals, aural information, and subgoals are all considered key to the efficient design of worked 

examples (Atkinson et al., 2000; Spanjers et al., 2012). However, there are other aspects that 

should be considered when thinking about employing worked examples, those aspects concerned 

more on the “how” side of the developing process. 

The Instructional Design of Worked Examples 

Worked examples, also known as worked-out examples, have steadily evolved as an 

essential instructional strategy that has been supported by the field of instructional design over 

the past 30 years (Atkinson et al., 2000). While learning through examples is preferable to 

problem solving for inexperienced learners, it is necessary to pay attention to the method through 

which WEs are presented and developed (Kalyuga et al., 2003). As a result, pioneers in 
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instructional design field created a diverse set of guidelines for developing compelling working 

examples. 

However, in the programming domain and specifically for promoting CT skills, there is 

little guidance on how to develop effective support and guidance activity (Caskurlu et al., 2021). 

Accordingly, this study aims to figure out how the WEs should be designed, developed, and 

presented if they are used to promote CT skills and via well-structured programming problems.  

Furthermore, instructional design incorporates various principles for designing and developing 

WEs that have been studied in a variety of fields, with only a limited investigation in computer 

science in general (Beege et al., 2021). These instructional design principles cover a wide range 

of functions and aims. Clark and Mayer (2016), for example, produced a set of guidelines to help 

designers create instructions, particularly for supporting e-learning material, including the 

development of the following instructional design principles for worked examples. 

●      Principle 1: fade from worked examples to problems. The offered examples of fading 

will begin with a detailed description of the technique, followed by many examples that 

fade the procedure stages and require the learner to complete the missing steps (Clark & 

Mayer, 2016) 

●      Principle 2: promote self-explanations. Self-explanation is an instructional method in 

which learners are prompted to explain to themselves the provided procedures as a 

reflection of their understanding (Clark & Mayer, 2016). 

●      Principle 3: include instructional explanations of worked examples in some situations. 

It entails integrating worked examples with instructional explanations. In e-learning, for 

example, a "help" button could provide more precise explanations or justification for the 

steps shown in the worked example (Clark & Mayer, 2016, p.234). 
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●      Principle 4: apply the multimedia principles to examples that include the effective use 

of the graphics, text, and audio in the content (Clark & Mayer, 2016). 

●      Principle 5: support learning transfer implies ensuring that learners adopt the same 

experience to a new context.  

In addition to Clark and Mayer (2016) instructional design principles for worked examples,  

Atkinson et al. (2000) suggested some instructional principles for the design of WEs that 

include: 

● Providing multiple representations of WEs. 

● Providing subgoals. 

● Providing multiple problem types within WEs. 

● Providing self-explanation.  

Renkl (2014a) has suggested a similar list of principles as the following: 

● Explanation-help principle which indicates that learners who are having difficulty will 

receive assistance in the form of an instructional explanation (Renkl, 2014a). 

● Self-explanation principle and Comparison principle which indicates that learners are 

expected to start comparing examples and to explain the reasoning to themselves (Renkl, 

2014a).  

● Imagery principle which indicates that learners are required to visualize the steps in the 

solution of previously covered examples (Renkl, 2014a). 

● Easy-mapping principle which indicates that learners are required to visualize the steps in 

the solution of previously covered examples 

● Focus-on-learning-domain principle which indicates that “learners' attention is not 

“bound” to the exemplifying domain“ (Renkl, 2014, p. 402). 
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● Instructions-for-use principle which indicates that learners are shown how to use various 

representations and information sources (Renkl, 2014a). 

● Fading principle which indicates that problem-solving steps are presented in a fading 

mode (Renkl, 2014a). 

● Example-set principle which indicates that learners are provided examples that highlight 

crucial and critical elements (Renkl, 2014a). 

● Studying-errors principle which indicates that learners are provided with correct and 

incorrect worked examples (Renkl, 2014a). 

● Meaningful-building-blocks principle which indicates that by segmenting a procedure, 

the essential solution phases become more visible (Renkl, 2014a). 

In addition, there were numerous design effects to consider in addition to the instructional design 

principles of worked examples. For instance, split-attention effect which indicates that learners 

must integrate diverse information sources in order to cognitively integrate them without 

incurring excessive unnecessary load (Sweller et al., 2011). Also, there is a redundancy effect 

that deals with various sources of information, and it means that any information that is neither 

required nor relevant to learning should be eliminated (Sweller et al., 2011).  

Moreover, the variability effect is accomplished by employing examples with varying 

contexts to control the intrinsic load and improve the learning transfer (Clark et al., 2011).  

Furthermore, the preceding discussion leads to the search for relevant instructional design 

principles for designing WEs that may improve CT skills while also being used for well-

structured programming problems, considering the different design and implementation 

considerations. The goal of this study is to produce a comprehensive understanding of designing 



 

 48 

and developing WEs that is based on instructional design principles. The next chapter will go 

through the research method used in the study. 
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Chapter Three 

Research Methodology 

The third chapter aims to provide an introduction of the research methodology, present 

the rationale of the study, and demonstrate how the study was conducted.  

The purpose of this research was to conduct an integrative review related to the 

instructional design of worked examples for promoting computational thinking skills in well-

structured programming problems. This integrative review is anticipated to assist instructional 

designers and educators in developing worked examples that are appropriate for promoting 

computational thinking skills within programming tasks. The integrative review may assist 

instructional designers and educators through the integration of theory and research to recognize 

the instructional principles in designing effective worked examples. 

Study Design 

This study employed the integrative review (IR) as a research methodology. Integrative 

review IR is defined as the process of analyzing the previous empirical or theoretical literature to 

gain a better understanding of a specific problem or phenomenon (Broome, 2000). IR is 

considered as “a form of research that reviews, critiques, and synthesizes representative literature 

on a topic in an integrated way such that new frameworks and perspectives on the topic are 

generated” (Torraco, 2005, p.356).  

According to Cooper (1982), IR adopts a comprehensive approach and analyzes a wide 

range of sources, including empirical and theoretical literature, or both. IR composes and 

synthesizes (1) empirical studies; include quantitative and/or qualitative studies on a specific 

area, (2) methodological reviews; include designs and methodologies of various studies, and (3) 

theoretical reviews; includes review of theories on a specific area (Toronto and Remington, 
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2020; Soares et al. 2014; Whittemore et al. 2014). The current study included quantitative 

studies, mixed methods studies, systematic reviews and theoretical reviews.  

Integrative Review Background and Purpose 

  The IR method has a long history, going back to the 1980s when it became popular in 

several fields such as education, psychology, and nursing (Cooper, 1982; Ganong,1987; Jackson, 

1980; Toronto and Remington, 2020).  

The term “integrative review” has been associated with similar terms with different 

purposes such as “narrative review” and “systematic review” (Toronto and Remington, 2020). In 

addition, Sutton et al. (2019) distinguished 48 different types of reviews and classified them into 

seven groups: “traditional reviews, systematic reviews, review of reviews, rapid reviews, 

qualitative reviews, mixed method reviews and purpose specific reviews” (p. 204). According to 

Oermann and Knafl (2021) one of those categories is the traditional reviews that include: 

●       Narrative literature reviews: non-systematic reviews that aim to find and synthesize 

what has been published, eliminate duplication of investigations, and look for new areas 

to investigate (Ferrari, 2015). 

●      Critical reviews: “review the literature and evaluate its quality” (Oermann & Knafl, 

2021, p.65). 

●      Integrative reviews. 

●      Narrative summaries: "provide an overview of available evidence on a single topic, 

often produced within a short timeframe" (Oermann & Knafl, 2021, p.65). 

●      State-Of-The-Art review; “considers mainly the most current research in a given area 

or concerning a given topic” (Dochy, 2006, p.5). 
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Overall, all of these reviews have specific purposes and characteristics that distinguish 

them from each other. The appropriate review to conduct is determined by the topic and the 

interested research area, as well as the intended audience (Oermann et al., 2018). 

The purpose of integrative review is to gain a comprehensive understanding of a specific 

topic (Toronto, 2020). For this reason, IR utilizes diverse sources to gain information that 

include empirical, theoretical, and several studies with multiple search designs (Toronto, 2020; 

Whittemore & Knafl, 2005). To have more clarification, one of the distinguishing features of IR 

is its ability to provide a holistic understanding of a topic (Hopia et al., 2016). It incorporates 

both empirical and theoretical literature as well as research with a variety of designs, as opposed 

to systematic reviews and qualitative synthesis, which are limited to include empirical studies 

with a particular study design (Oermann & Knafl, 2021).  

Benefits of Integrative Review 

            The current study applied IR as a research method. IR has a distinctive feature, it allows 

the researcher to identify: (1) the current condition of evidence for a specific phenomenon, (2) 

the quality of the research evidence, (3) “gaps in the literature” (Toronto, 2020, p.4), and (4) 

prospective research practices (Russell, 2005). IR method aids in the retention of a current 

knowledge base in a specific research area (Cooper, 1998). As it stated previously, IR is defined 

when “past research is summarized by drawing overall conclusions from many studies” 

(Broome, 2000, p.47).  

Following a systematic approach as steps to conduct this review, "a well-prepared 

integrative review can precisely represent the state of the current research literature" (Russell, 

2005, p.8). Also, IR can be used to assess the strength of empirical studies, define gaps in the 

existing research area, define the necessity of additional investigation, connect several research 
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areas, recognize core issues in research, formulate a research question, and investigate which 

research approaches have been used effectively (Cooper, 1998; Russell, 2005).  

IR can be used to summarize previously recognized and reviewed studies for a specific 

area, as well as to draw assumptions about a subject, and to determine suitable practices and 

future directions for a specific research area (Cooper, 1988; Toronto, 2020; Whittemore & Knafl, 

2005). IRs are “useful when an individual is beginning to build knowledge about concepts”, and 

they are expected to make a substantial impact and contribute to a better understanding of 

research's future directions (Broome, 2000, p.249). 

Rationale for The Current Study 

For the current study, IR is needed to understand and recognize the current instructional 

design principles in designing and developing effective worked examples that are appropriate for 

programming problems. It is a significant technique that uncovered the rich details about the 

instructional design of worked examples in well-structured programming problems, and it looked 

at how these principles have promoted computational thinking skills as they are involved in the 

programming tasks. Additionally, IR is anticipated to build a new knowledge of the most suitable 

worked examples designs that are built for promoting computational thinking skills. IR would 

help to provoke the following research questions:  

1. Based on the literature, how have worked examples (involving computational thinking 

skills) been designed? 

2. What instructional design principles have been recognized in the literature and need to be 

considered when designing WEs to promote CT skills?  

3. What factors or circumstances might have an impact on the development of WEs for 

well-structured programming problems?  



 

 53 

4. What are some examples of effective WEs for well-structured programming problems 

that have been identified in the literature? 

IR addressed the following areas: instructional design principles within worked 

examples, and programming domain within computational thinking skills. The first category is 

instructional design of worked examples, which is a broad category with multiple subcategories, 

with understandings connected to the instructional design principles for the worked examples as 

being the primary focus. The second category includes applications of WEs in the programming 

domain in combination with CT skills.  

Steps of Conducting Integrative Review 

The IR followed a "systematic approach that is transparent and rigorous" (Toronto & 

Remington, 2020, p.5). There are various frameworks that have been used in conducting IR, like, 

Souza et al. (2010) six stages process; and Whittemore and Knafl (2005) five stage. All of these 

frameworks have been built based on Cooper (1984) five stages as the following: (1) problem 

identification; (2) data collection or literature research; (3) data evaluation; (4) data analysis; (5) 

results presentation (Russell, 2005). 

The IR followed Toronto and Remington (2020) steps in conducting data, and it is also 

based on Cooper (1984) five stages. Toronto and Remington (2020) six steps are: “1. formulate 

purpose and/or review question(s) 2. systematically search and select literature 3. quality 

appraisal 4. analysis and synthesis 5. discussion and conclusion 6. dissemination” (p.5). 

The IR followed Toronto and Remington (2020) six steps as it is shown in the next figure 

(Figure 1). 
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Figure 1 

 The six steps of the IR process based on Toronto and Remington (2020) framework. 

 

 

 

 

 

 

 

The following is a brief overview of the steps: 

1- formulate purpose and/or review question(s): 

The first stage of a review implies that IR is addressing a clearly identified problem 

(Oermann & Knafl, 2021). According to Torraco (2005), it is essential to highlight the 

significance of the problem and demonstrate the reasons for choosing integrative review as a 

methodology that might address this problem. IR begins with Identifying the problems includes 

identifying a “topic or concept of interest” (Broome, 2000; Toronto & Remington, 2020, p.14). 

In addition to identifying the problem, the research needs to identify the conceptual and 

operational definitions of the variables (Whittemore & Knafl, 2005). It is critical to eliminate any 

vagueness in the IR by defining the variables and stating how to employ in the integrative review 

(Russell, 2005). The conceptual definition defines the concept, while the operational definition 

explains what the concept implies that can be observed and measured (Toronto & Remington, 

2020). The main variables of the current study were worked examples, computational thinking, 
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and well-structured problems; all of these variables have been discussed in the second chapter. 

Recognizing and understanding the meaning of those variables helped to conduct IR effectively.   

In conjunction with identifying the problem, a researcher's research interest should be 

generated from their curiosity, as they will be spending a significant amount of time researching 

a particular topic (Beyea & Nichll, 1998). A researcher’s interest to conduct the current study 

derived from the experience background area, in addition to the previous research about the 

difficulties that have been experienced by novice programmers in studying programming courses 

and gaining computational thinking skills. This researcher noticed that one key aspect affecting 

the programmer’s progression in developing their computational thinking skills was the 

increasing cognitive load while completing programming tasks. According to (Moore et al., 

2020) “computational thinking requires high cognitive load as students work to manage multiple 

tasks in their problem-solving environment “(p.19).  

There is a substantial risk of increasing the cognitive load as learners gain those skills and 

solve tasks, which could impede them from meeting their learning objectives (Stachel et al., 

2013). To explain, the programming task is regarded as a mechanism or a vehicle to promote 

computational thinking skills, in which learners engage in solving specific programming 

problems and employ computational steps to solve those problems (McVeigh-Murphy, 2019). 

According to Moon et al. (2020), "engaging learners in programming exercises not only improve 

their skills in a specific programming language, it could enhance their CT competencies" (p.2). 

Although the goal of programming is to improve learners' computational thinking skills, 

there is a high possibility that it will affect and increase cognitive load (Krugel & Hubwieser, 

2017; Weese et al., 2016). Yet, if the cognitive load is increased, it may impact their 

performance and prevent them from meeting their learning objectives. 
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 On the other hand, instructional design provides strategies that help to reduce the 

cognitive load, and worked-examples are considered as an effective way to meet this purpose 

(Paas & Van Gog, 2006). Worked examples have been recognized for 30 years as an emerging 

instructional design technique and it has been used as a strategy in many domains such as 

mathematics and physics (Atkinson et al., 2000; Spanjers et al., 2012).  

Accordingly, efforts have been made to reduce the cognitive load and facilitate learning 

from problems. Instructional design scholars and researchers have investigated worked examples 

and developed principles in designing worked examples (Atkinson et al., 2000; Chi et al., 1989; 

Paas et al., 2003; Sweller, 1988; Sweller, 2002; Ward & Sweller, 1990).  

Moreover, developing CT skills began as a fundamental skill to be learned throughout the 

school curriculum and in a variety of disciplines (Maharani et al., 2019). As CT skills have 

grown in popularity and are regarded as essential skills required to compete in today's global 

economy, learners still face difficulties in acquiring those skills, and it is identified as a difficult 

obstacle (Bower et al., 2017; Grover & Pea, 2013; Lye & Koh, 2014). It is a challenging task 

since it involves a lot of mental effort, such as following the explanation, thinking about the 

solution, and solving the programming problem (Morrison et al., 2015). Worked examples in 

various designs like labeled sub-goals were developed to support and guide learners while they 

are performing programming tasks and developing their computational thinking skills (Caspersen 

& Nowack, 2013; Mannila et al., 2014; Weese et al., 2016; Weese, 2017). In addition, interactive 

worked examples (Webb & Rosson, 2013) and short video examples (Grover, 2017) were 

considered as additional types of worked examples that have been investigated to promote CT 

skills in the programming domain.  
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Overall, with all these attempts, there is a call for providing a deeper understanding on 

how to support and guide promoting CT skills in programming context. Sanford and Naidu 

(2016) stressed the importance of providing appropriate support and guidance in order to 

promote CT skills in a way that meets learners’ needs. Despite the importance of CT skills being 

recognized, the resources that guide promoting and developing them are very limited (Li et al., 

2020). Numerous pre-college teachers struggle with planning and implementing specific 

instructional activities to support and teach CT skills (Denning et al., 2017; Hu, 2011). 

It is anticipated that it is beneficial to combine all the resources that discuss the design of worked 

examples and how they might be employed in specific settings such as programming context.  

This study followed IR methodology as a comprehensive method that may help in 

identifying all the design principles, examples, experiences, and theoretical discussions that are 

related to the design of worked examples, programming problems and computational thinking 

skills.  

2. Systematically search for literature and select data 

The search process for IR indicates “defining in detail all databases, search terms, 

limiters, eligibility (inclusion/exclusion)” (Toronto & Remington, 2020, p. 22). It also indicates 

defining the selection criteria and any additional research tools that have been used to provide a 

clearly documented and comprehensive literature review (Cooper 1982; Whittemore & Knafl, 

2005).  

Comprehensive IR research seeks to collect as much relevant literature as possible, and 

researchers should identify some considerations to improve the study's rigor (Evans, 2007; 

Whittemore, 2007). The comprehensive searching may be associated with employing multiple 

research strategies like search within several databases and manual searching in journals and 
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different references (Whittemore & Knafl, 2005). Inability to employ several searching strategies 

may lead to inadequate or biased search results, affecting the accuracy of the included sources in 

the collected data (Cooper, 1998).  

For this purpose, the current study applied two complementary approaches advocated by 

Whittemore and Knafl (2005). First, the study collected computerized data by searching several 

electronic databases. Then, the study used the collected literature's references to conduct a 

manual screening. The manual screening approach is known as the ancestry approach, and it is 

useful to ensure that the most extensive body of literature relevant to the topic is collected 

(Atkinson et al., 2015). Cooper (2017) defines the ancestry approach or backward search as 

“using the reference lists at the end of research reports to locate other reports that might be 

relevant to a search” (p. 14). 

Using the search methods necessitated searching through a range of databases; this study 

used the following databases: 

●      Scopus, (extensive database includes scientific research and social sciences research). 

●      Web of Science, (international multidisciplinary database). 

●      ERIC, (educational research electronic library). 

●      EBSCO, (educational database). 

●      JSTOR, (provides access to academic journal articles).  

●      ProQuest, (provides access to educational journals and dissertations). 

All of the above databases are accessed online through Virginia Tech’s university library. 

Following, the study used specific search terms as key terms to conduct the data. For key terms, 

the Boolean operators AND, OR, NOT, are employed to expand the search results (Toronto & 

Remington, 2020). The study used several key terms, for instance: “worked examples” AND 
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“Design” AND “computational thinking” OR “programming”, “worked examples” AND 

“computational thinking” OR “programming”, “Worked examples” AND “instructional 

design” AND “programming”, “worked examples” AND “instructional design” AND “well-

structured problems”. 

Furthermore, “IRs are characteristically broad in nature”, to refine the results more 

adequately, inclusion and exclusion criteria must be defined (Toronto & Remington, 2020, p.31). 

The inclusion criteria include qualitative, quantitative research and mixed method, theoretical 

frameworks and discussion, meta-analysis, systematic reviews, and scoping review studies, peer-

reviewed, English language, published in academic journals, and published between 2000 and 

2022. All of the collected data focused on the instructional design of worked examples, 

programming context and computational thinking skills. Further, the exclusion criteria include 

data that was published before 2000, not peer-reviewed, editorials, abstracts, government reports, 

gray literature (reports other than peer-reviewed articles), and conference proceedings.  

The study employed various search filters (such as peer review, full text, publication date, 

language, and type of publication) to narrow down the database's results to relevant articles. It 

also employed field filtering, which included the inclusion of articles about programming 

context, computer education, and instructional design, in order to achieve the goals of the study. 

Furthermore, using inclusion criteria, the initial screening encloses screening titles and 

abstracts of the relevant studies (Toronto & Remington, 2020). The remaining literature is next 

assessed to decide whether it should be included. The study used a search flow diagram to 

document the procedure and the reasons for the exclusion. PRISMA, a search flow diagram, is 

used for reporting and documenting the selection literature (Page et al., 2021) (Figure 2).   
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Figure 2 

An overview of the data collection results based on the PRISMA flow diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRISMA flow diagram (adapted from Page et al. (2021)) 
 

The data collection method produced a total of 16,600 papers; however, during the 

identification phase, approximately 11,862 research were eliminated from the further review due 

to duplication or not meeting the inclusion criteria. About 4593 articles were excluded from the 

analysis after the titles and abstracts were screened because they were either not peer-reviewed 
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dissertations or conference papers. After that, 103 records were disregarded for various reasons, 

such as 1) the abstract examines the worked examples in other contexts, such as physics and 

mathematics, and 2) the instructional support to improve computational thinking skills is not 

worked examples. Ultimately, a total of 42 articles complied with all the elements of the search 

criteria and were used to conduct the review. 

In addition, as a procedure for following IR stages and carefully selecting data, the study 

used EndNote and Excel to collect, organize, and cite records. 

3. Quality Appraisal 

The quality of studies included in a review determines the strength of its findings 

(Coughlan & Cronin, 2016). According to Denney and Tewksbury (2013), it is critical to analyze 

the internal validity of the selected literature to ensure validity when conducting IR. It is crucial 

to keep in mind that the quality of published papers varies (Toronto & Remington, 2020).  

Incorporating low-quality papers into the review could influence the results at the same 

time; eliminating low-quality studies could bias the study (Evans, 2007). As a result, after the 

appraisal process, the inclusion and exclusion criteria should determine whether the more 

inferior studies will be included or excluded (Toronto & Remington, 2020).  

Despite the fact that there is no specific way and no universal agreement to evaluate the 

quality of the selected studies, the literature suggests that any study should be rigorously 

evaluated (Katrak et al., 2004). Several appraisal tools could be utilized to appraise the quality of 

the research, and they vary between open questions, closed questions, or statements (Crowe & 

Sheppar, 2011; Sanderson et al., 2007).  

To ensure the rigor of the current research, the study followed several appraisal tools 

based on the articles’ methodologies. The study followed the Joanna Briggs Institute (JBI) via 
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https://jbi.global/critical-appraisal-tools. JBI's critical appraisal tools help to assess the validity, 

relevance, and results of the published papers, and it indicates several checklists as to appraise 

tools for randomized controlled trial, Cohort study, Case- controlled study, and Qualitative study. 

In this study, JBI's critical appraisal tools were used to evaluate Quasi-experimental studies and 

systematic review. The JBI Quasi-experimental checklist includes 9 items with 4 possible 

responses for each as (Yes, No, Unclear, Not applicable) with indicating (include, not include, 

seek further info) for overall appraisal (see Appendix F.A). The JBI systematic review checklist 

includes 11 items with 4 possible responses for each as (Yes, No, Unclear, Not applicable) with 

indicating (include, not include, seek further info) for overall appraisal (see Appendix F.C).  

The Mixed Methods Appraisal Tool (MMAT) for mixed methods studies section used to 

evaluate the mixed methods studies, and it includes two sections: the first section involves two 

screening questions about the studies, and the second section involves 5 items with 4 possible 

responses for each as (Yes, No, Can’t tell, Comments) (see Appendix F.D).  

Furthermore, because IR encompasses a wide range of data, not just qualitative or 

quantitative investigations, but also theoretical discussions were evaluated (see Appendix F.B).  

For this purpose, the study followed Walker and Avant (2019) six steps procedure to 

guide in evaluating the theoretical discussions: 

1. the purpose of the theory. 

2. the concepts, statements, and assumptions of theory. 

3. the structure, “the ability of the theory to make accurate predictions is examined” 

(Toronto & Remington, 2020, p.51). 

4. theory’s usefulness. 

5. the degree of generalization. 
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6. ” Testability refers to how well the theory can be supported by empirical data” (Toronto 

& Remington, 2020, p.51). 

4. Analysis and Synthesis 

            The purpose of an IR is to improve the knowledge of a specific subject by combining and 

synthesizing data from several sources (Whittemore & Knafl, 2005). Torraco (2016) stated that 

generating a new perspective on the topic of interest required IR to analyze and synthesize the 

incorporation of a large number of existing data. According to Torraco (2016) “synthesis brings 

together existing ideas with new ideas to create fresh, new ways of thinking about the topic" 

(p.66). 

 For that, Toronto and Remington (2020) recommended analyzing the similarities, 

differences, and recommendations from the extracted data by utilizing data matrix as tables and 

patterns. The data matrix as tables includes rows and columns that are used to synthesize data 

from the extracted articles (Tomasic, 2011). This study used Excel spreadsheets as a data matrix 

to help abstract the extracted data. Examples of the suggested information to be included in the 

table may include the authors’ name, year, method, sample, quality rating, and study results 

(Coughlin & Sethares, 2017).  

There are no defined procedures for analyzing IR data; nonetheless, constant comparison, 

content analysis, and thematic analysis are suggested methods that could be utilized to analyze 

data (Hopia et al., 2016). Whittemore and Knafl (2005) described constant comparison technique 

as a systematic analytical strategy that researchers might use throughout the data analysis stage. 

The study employed a comparison method to analyze data. This method includes four steps: data 

reduction, data display, data comparison, and conclusion drawing and verification (Whittemore 

& Knafl, 2005). Each step will be described as the following: 



 

 64 

Data reduction means the method of choosing, organizing, summarizing, and extracting 

data from the resources (Toronto & Remington, 2020). It integrates the primary source of data in 

a manner that the review's findings may be inferred and validated (Miles & Huberman, 1994). 

The primary sources that are included in IR must be organized into subgroups in some 

systematic way, such as type of evidence, sample characteristics, and settings (Whittemore & 

Knafl, 2005). 

After, techniques to extract and code data from primary sources should be identified "to 

simplify, abstract, focus, and organize data into a manageable framework" (Whittemore & Knafl, 

2005, p.550). As a result, the primary source is focused on a single matrix, with data from each 

subgroup category derived from different sources (Miles & Huberman, 1994; Whittemore & 

Knafl, 2005). The current study classified the primary source of data into theoretical and 

empirical studies, then they were classified again based on common features into subcategories. 

In addition, an Excel table was created to summarize and abstract each article into a digestible 

unit of analysis with similar characteristics for further coding. At first, a table is created to 

involve all the general information about conducted articles, like 1) Article name, 2) Author(s), 

3) Year, 4) Database and journal (see Appendix A, B, C, D, E). 

Data display gives a more simplified presentation of the data and makes it easier to 

conclude (Miles & Huberman, 1994). The data presentation “can be in the form of matrices, 

graphs, charts, or networks” (Whittemore & Knafl, 2005, p.551). These visualizations assist in 

representing patterns and relationships across and between primary data sources and in 

interpreting data (Sandelowski, 1995). The study compiled all the abstracted data into tables for 

further data comparison and analysis. 
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Data comparison phase includes identifying patterns, themes, or relationships among the 

displayed data (Toronto & Remington, 2020; Whittemore & Knafl, 2005). To enhance data 

comparison, the researcher employed several strategies like “clustering, counting, and making 

contrasts and comparisons'' (Toronto & Remington, 2020, p.65). In the current study, four tables 

have been created and classified based on each research question, and each table indicates 

subclassifications or sub-themes regarding the main classification. For instance, the first theme is 

(Worked examples designs) and from this theme 5 subcategories have been identified as 1) 

animated WEs, 2) Process-oriented, 3) Subgoal, 4) fading, 5) Sequencing, 6) Tutorials, 7) in-

game WEs. The second theme, instructional design principles, involves 1) multimedia, 2) split-

attention, 3) completion, 4) self-explanation, 5) fading principle. For the third theme (factors 

affect the design of WEs), several elements were classified as 1) time of instruction, 2) learners’ 

engagement, 3) learners’ background, 4) learners’ familiarity with the language, 5) inter, intra, 

and situational features. The fourth theme, successful examples of WEs, includes 3 main 

classifications as 1) medium, 2) supporting tools, and 3) techniques (see Appendix A, B, C, D, E)  

Conclusion drawing and verification is the last phase of the data analysis, and its goal 

focuses on shifting the “interpretive effort from the description of patterns and relationships to 

higher levels of abstraction, subsuming the particulars into the general” (Whittemore & Knafl, 

2005, p.551). The verification procedure entails going back to the sample sources to validate the 

results' accuracy, or it could include confirming the identified patterns, themes, and relationships 

(Toronto & Remington, 2020; Whittemore & Knafl, 2005). For this purpose, the articles were 

double-checked several times to avoid the risk of misunderstanding and verify consistency with 

the primary sources. 
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5.Discussion and Conclusion 

The IR is a unique type of study in which current literature is used to generate a deep and 

new understanding of a specific topic (Torraco, 2016). These studies often include comparisons 

and contrasts to indicate findings dealing with background literature, recommendations, 

implications, and limitations (Toronto & Remington, 2020). The discussion section should 

explicitly state how the literature gap has been addressed and how the study's findings and 

conclusions contribute to the body of knowledge on the subject (Flanagan, 2018; Oermann & 

Hays, 2019). According to Coughlan and Cronin (2016), the discussion section begins by 

reminding readers of the questions that the review attempted to answer. Following, in 

summarizing IR findings, the researchers are allowed to express their opinions of the relevance 

and significance of the findings and indicate comparisons to the current information (Coughlan 

& Cronin, 2016).  

In comparison to background literature, the researcher compared the synthesized 

theoretical literature in the introduction section and the analysis of the results revealed in the 

discussion (Souza et al., 2010). In addition, Toronto and Remington (2020) stated that if many 

research studies provide results that lead to identical findings, then "reviewers draw broader 

understanding of the phenomenon under investigation" (p.77). Afterwards, the researcher may 

provide their comments about any implications and recommendations for “research, practice, 

education, theory, and/or policy as appropriate”, however, this is not applied in all domains of 

research (Toronto & Remington, 2020, p.78).  

In writing the limitations section, the researcher should provide information about IR 

limitations and not the individual studies limitations (Coughlan & Cronin, 2016). The conclusion 

section comes at the end of the discussion section, it includes the primary findings without 
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providing any discussion about new ideas and thoughts, and without indicating any citations 

(Watson, 2018). The following chapter, Chapter 4 presents the study’s findings, and Chapter 5 

discusses the conclusion and the limitations of the study. 

6.Dissemination 

Dissemination is the last step in the IR process, where the researcher aims to share the 

findings and present them to the intended audience (Sethares, 2020).Toronto and Remington 

(2020), refered this step to the ability to design a poster or presentation at a professional 

conference, or peer-reviewed, news, or social media.  

Threats to Validity 

Validity is a primary consideration in scientific research. When conducting an integrative 

review, “maintaining scientific integrity” necessitates paying attention to validity threats 

(Russell, 2005, p.3). Several approaches have been identified to verify the validity; however, 

several factors might threaten the research and reduce its efficiency (Yu & Ohlund, 2010). Bias 

can threaten the validity of specific research findings and result in a biased IR, leading to an 

exaggeration of the study (Sanderson et al., 2007). Aside from bias, a lack of the selected study 

may also represent a threat; consequently, paying attention to the quality of the study is a must 

(Whittemore & Knafl, 2005). Cooper (1982) recommended employing rigorous and transparent 

approaches at each stage of the IR process.  

For instance, Cooper (1982) suggested that the operational definitions of the study 

variables should not be defined too precisely. However, it should not be defined too broadly; 

instead, it should be balanced in establishing conceptual and operational definitions while paying 

attention to the review procedures to reduce the threat's risk (Cooper, 1982).  
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Regarding the literature systematic search and data collection, inadequate literature sampling 

may threaten the validity of the study (Russell, 2005). As a result, the researcher must specify the 

inclusion and exclusion criteria and explain why they were excluded from the study (Russell, 

2005). Furthermore, Cooper (1998), recommended the following strategies to enhance the 

validity in this step, (1) conduct an exhaustive data collection; (2) outline sources, years, and 

keywords; (3) present all selection biases; and (4) summarize demographics of the subjects (if it 

is included in the samples). For the current study, several key terms, several sources and two 

complementary approaches for data collection have been identified for this purpose.  

To enhance objectivity in the data evaluation step and as it has been shown previously in 

the Quality Appraisal section, the current study applied Joanna Briggs Institute (JBI) via 

https://jbi.global/critical-appraisal-tools. JBI's critical appraisal tools help to assess the validity, 

relevance, and results of the published papers with Quasi-experimental studies and systematic 

review. In addition to the MMAT tool to evaluate the included mixed method studies, and 

Walker and Avant (2019) framework to evaluate the included theoretical discussions. 

Regarding data analysis threats, the first threat is failing to apply proper inference 

guidance (Cooper, 1998). Another threat in this step is “inferring causality that is inappropriate 

when examining research review data” (Russell, 2005, p.5). Cooper (1998) recommended the 

following methods to maintain the validity: 

1. Make assumptions clear when explaining results and inferences. 

2. Vital interpretation guidelines should be identified. 

3. Evidence that is based on a single study should be completely separated. 

The current study paid attention to minimize any misinterpretation by recognizing and 

differentiating any direct study-based from the indirect studies. At the data interpretation and 
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presentation step, several threats may occur, like, omitting important details about conducting the 

IR, and omitting details about the study findings that might be important to other investigators 

(Copper, 1998). One suggestion for reducing these threats is to pay close attention to all of the 

study's possible details (Russell, 2005). Regarding the study, the gathered articles were double-

checked numerous times to minimize misunderstandings and to ensure that all relevant 

information was included. 

To sum up, the current study aims to provide detailed information in an explicit and clear 

manner. The extracted comprehensive information aims to guide instructors and instructional 

designers in recognizing the several approaches and principles in designing and developing WEs 

to promote CT skills in well-structured programming problems.  
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Chapter Four 

Findings and Discussion 

This chapter presents the outcomes of the integrative literature review following iterative 

comparisons of patterns and distinctions among all of the studies that were considered. This 

study's findings identified and categorized numerous design forms of worked examples in 

programming contexts. Furthermore, the data showed several instructional design principles 

applied to producing worked examples to improve computational thinking skills. It also 

highlighted elements that may impact the use of effective worked examples, as well as some 

successful examples of their use. The following are the answers to each of the questions. 

This study aims to address the following questions: 

1.     Based on the literature, how have worked examples (involving computational 

thinking skills) been designed? 

2.     What instructional design principles have been recognized in the literature and need 

to be considered when designing WEs to promote CT skills?  

3.     What factors or circumstances might have an impact on the development of WEs for 

well-structured programming problems?  

4.     What are some examples of effective WEs for well-structured programming problems 

that have been identified in the literature? 

The study developed a theme to answer the research questions; this technique assisted in 

organizing data collection and adhering to the requirements of conducting the integrative review 

more clearly and accurately.  

 The IR final analysis revealed 42 studies to be included in the review and to answer the 

research’s questions. Between the years 2000 and 2022, these studies were conducted in a variety 
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of countries with different research methodologies. According to data from this study, the 

instructional design of worked examples in well-structured programming problems has mainly 

been studied in the United States with 25 studies, followed by Turkey and Taiwan with three 

studies, and one study for each of the UK, South Korea, Saudi Arabia, Netherlands, Australia, 

Brazil, Canada, China, Greece, and Malaysia.  

The next figure (Figure 3) shows the distribution of these studies based on countries. 

Figure 3 

Distribution of the collected studies countries. 

 

 

 

 

 

 

 

 

 

 In addition, several research methodologies have been used to explore the worked 

examples in programming settings, including quasi-experiment as the most employed 

methodologies, and followed by theoretical literature reviews, systematic reviews, and mixed 

methods studies. The next figure (Figure 4) demonstrates the percentage of the methodologies 

that have been employed in these studies. 
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Figure 4 

Distribution of IR study methodologies.  

 

 

 

 

 

 

 

Findings of Research Question 1 

The first research question “Based on the literature, how have worked examples 

(involving computational thinking skills) been designed?”, is seeking information about the 

several designs of worked examples in programming settings. Approximately 72 % of the 

gathered studies examined several worked examples designs that have been employed to enhance 

computational thinking skills in a programming setting. The study categorized the results of this 

research question into seven categories as the following: 

●  animated worked examples. 

●  process-oriented worked examples. 

● sequenced worked examples. 

●  subgoal design. 

● tutorial as worked examples. 
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●  faded worked examples. 

●  in-game worked examples. 

Animated worked examples. 

 The animated worked examples were particularly beneficial for developing learners' 

complex cognitive skills, specifically when learners are dealing with programmed instructions 

(Chang et al., 2011). They “were primarily useful for training complicated cognitive skills to 

learners” (Hsu et al., 2012, p.164). Particularly, when learners are encouraged to learn new 

programs and required to solve programmed problems with automating them via computers 

(Hosseini et al., 2020). 

 In computer science education settings, understanding program dynamics, such as how 

codes operate in a machine language, is one of the main hurdles in learning computer 

programming (Cevahir et al., 2022). Learners are more likely to observe the exemplified codes 

running as a means to enhance their computational skills rather than following static worked 

examples to understand the algorithm (Hosseini et al., 2020). The animated codes or codes with 

animations promote the program's dynamic as it is executed and assist in comprehensively 

understanding the programming process (Sorva et al., 2013). With animated elements, a worked 

example illustrates and visualizes how the algorithm is built rather than merely providing the 

line-by-line code (Hosseini et al., 2020).  

Animations are visual representations of dynamic concepts that assist learners in 

understanding, for instance, events that change over time (Paas et al., 2007). Offering animated 

instructions has various benefits, including 1) making the learning process appealing, 2) 

increasing motivation for learning, 3) fostering learners' engagement, and 4) fueling learners' 

imagination (Weiss et al., 2002). Combining two instructional techniques like designing 
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animations and implementing them with worked examples is one way to promote computational 

thinking skills and programming skills. 

Studies showed that animated worked examples can take several designs and formats. For 

instance, examples with codes could be implemented to promote “program construction skills” 

where learners can understand how the algorithm has been implemented and built based on the 

code statement (Hosseini et al., 2020, p.300). Learners were able to observe the animated 

outcomes of certain programming tasks by using Mastery Grid, which is an interactive 

programming platform. By using this approach learners were able to interact with items on the 

screen by clicking on them and interacting with what is shown in the screen (Hosseini et al., 

2020). 

In Chang et al. (2011) study, an executable program was provided to the learners as a 

worked example of the programmed instructions. To explain, learners were provided with an 

executable program as a worked example of the necessary steps to solve the programmatic 

problems besides another instructional slide that showed a sequence of a step-by-step algorithm 

to solve the problem. The study revealed that learners would pay close attention to the animated 

worked examples and grasp programming principles and techniques (Chang et al., 2011). The 

idea of experiencing an executable program as a worked example in completing an algorithm is 

to gain the attention of the learners as much as possible simultaneously with instructions. 

Learners anticipated performing notably better when teaching with instructional slides and 

executable program examples than when studying with "static structured working examples” for 

solving programming problems (Chang et al., 2011, p.191).  

Moreover, it has been demonstrated that integrating worked examples with animations in 

programming environments may also serve as instructional material. Researchers in the field 
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have investigated innovative design to implement effective worked examples that are suitable for 

fostering computational thinking skills. For instance, Cevahir et al. (2022) investigated the effect 

of combining animated based worked examples in Augmented Reality (AR) environment to 

promote programmed instructions. The study focused on comparing the learners’ achievements 

and motivation toward this innovative technique. Learners in the experimental group were 

provided with animated worked examples as they programmed while the control group relied on 

using traditional worked examples via paper only. The results showed that learners in the 

experimental group had increased their motivation toward learning programming as well as their 

achievements score after the experiment (Cevahir et al., 2022). 

 In addition, IR analyzed a study with an innovative format of integrating worked 

examples via animated computational modules using “Virtual Kinetics of Materials Laboratory 

(VKML)” to promote abstract skill (Vieira et al., 2018, p.330). According to the study’s 

experiment, VKML is based on the Python programming language, and it enables learners to 

“represent complex thermodynamics phenomena using modeling techniques and simple python 

programming” (Vieira et al., 2018, p.323). Researchers claimed that integrating worked 

examples with this computational model via VKML has a great influence in the learning process, 

learner’s computational skills, and learners’ programming practices (Vieira et al., 2018).  

However, the collected studies recommended paying more attention to the instructional 

design aspect of those animated worked examples including following message design principles 

(Cevahir et al., 2022, Chang et al., 2011).  
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Process-oriented worked examples. 

The IR found a design of worked examples that were employed in one study (n=1) to 

promote computational thinking skills in programming settings, and it is known as process-

oriented worked examples. Process-oriented refers to the concept of how experts approach 

problems and the rationale for adopting a particular approach (Van Gog et al., 2004).   

The traditional process-oriented working examples outline the steps necessary to solve 

the problem and explain why those actions should be taken to achieve the expected conclusion 

(Si et al., 2014). Explaining each solution step to learners may be beneficial, especially in the 

early phases of the learning process and problem-solving. In Si et al. (2014) study, the 

researchers employed the process-oriented worked example format in several stages. 

Learners are exposed to fully worked examples, traditional problem solving, and one subproblem 

to answer through interaction with four steps through four phases (Si et al., 2014). In addition, a 

mental effort scale was evaluated for the entirety of the learning session, and the results were 

shown by the time the session was completed (Si et al., 2014). 

The design of Si et al. (2014) indicated process-oriented worked examples as series or 

worked examples following with rational reasoning of the problem-solving process. Si et al. 

(2014) claimed that providing process-oriented worked examples enable an effective schema 

construction and enhance cognitive skills. 

The study found a mixed implementation of this particular design, which combined with 

numerous instructional design principles such as modality effect and multimedia effect; the 

response to the third study question will cover this topic. 
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Sequencing set of worked examples. 

Providing sets of multiple examples to introduce programming instructions is one of the 

essential aspects of worked example design. Research showed that worked examples should be 

given as a sequence of at least two examples when used for complex domains like computer 

science (Nainan & Balakrishnan, 2019; Si et al., 2014).  

In keeping with the idea of sets of worked examples, there might be different presentation 

types provided, such as 1) worked examples that cover numerous scenarios, and 2) complete-

partial worked examples. 

 One format that has been analyzed in this IR was used specifically to promote data 

collection and data set skills in computational thinking is worked example sequencing scenarios. 

Worked examples offered in this format are a series of multiple scenarios with applying the same 

level of complexity and they are requiring the same techniques to solve a computational problem 

(Bunch, 2009).  

In addition, a sequence of different quantities of examples could be provided in order to 

increase learners’ skills in solving problems. Providing a sequence of completed worked 

examples and partial or incomplete worked examples is common in programming settings 

(Bunch, 2009; Nainan & Balakrishnan, 2019; Si et al., 2014). This could be formatted as a 

combination of different sequenced examples to increase the efficiency of learning 

programming.  

For instance, Abdul-Rahman and Du Boulay (2014) claimed that two formats could be 

sequenced simultaneously, following the completion strategy (Van Merriënboer, 1990), and the 

structure-emphasis strategy (Quilici & Mayer, 2002). The completion strategy (Van 

Merriënboer, 1990) indicates providing a “well-designed” program by an expert and required 
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learners to “complete, modify, and extend it” (Chang et al., 2000, p.211).While the structure-

emphasis strategy entails abstracting and organizing the underlying structural aspects of an 

example (structural similarity) to formulate a problem-solving model that aids in developing 

problem schemas and assists in completing a program (Quilici & Mayer, 2002, p.325).  

Moreover, Chang et al. (2000) developed a template based on completion strategy to 

enhance programming skills. The research’s template consists of a programming problem 

database, code library (to retrieve any needed code statements), learner model, generator, and 

evaluator element (Chang et al., 2000). The study showed that learners in the experimental group 

performed better in programming tasks compared with the control group (Chang et al. 2000). 

Completion strategy within worked examples (part-complete worked examples) has been studied 

to decrease learners' cognitive load and to aid in the learners’ efficient programming learning 

(Abdul-Rahman & Du Boulay, 2014; Chang et al, 2000; Garner, 2007).  

However, research showed that more considerations should be taken into account when 

deciding which part of the programming code might be left to the learner to be completed 

(Abdul-Rahman & Du Boulay, 2014; Chang et al, 2000). For instance, Garner (2007) conducted 

a study to explore the effect of part-complete worked examples in association with the 

scaffolding algorithm in the attached screen. The experiment showed remarkable results in 

enhancing learners’ programming skills in addition to recommending scaffolding techniques 

when teaching with part-complete worked examples.  

Consequently, several instructional techniques were integrated with worked examples to 

enhance guiding learners on their way to solve and complete programming problems like hints 

and clues (Abdul-Rahman & Du Boulay, 2014; Chang et al, 2000; Garner, 2007). Furthermore, 

the studies that used the completion technique for worked examples found that the germane 
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cognitive load increased while the extraneous cognitive load decreased (Abdul-Rahman & Du 

Boulay, 2014; Chang et al, 2000; Garner, 2007).  

Subgoal worked examples. 

A subgoal signifies the goal of a series of steps. Learners often remember a linear series 

of steps when learning a technique in order to solve a problem or accomplish a goal (Margulieux 

et al., 2012). Subgoals “are structural parts of a problem-solving procedure, in which the overall 

goal is to solve the problem” (Margulieux & Catrambone, 2021, p.503). While worked examples 

demonstrate a step-by-step solution to solve a specific problem (Margulieux et al., 2018), 

subgoal labeled worked examples are utilized to improve the learning by capturing the attention 

of problem solutions’ steps (Atkinson et al., 2003; Atkinson & Derry, 2000, Margulieux & 

Catrambone, 2016), and organizing the structure of the new information (Morrison et al., 2016). 

According to various studies, when some learners receive new problems after studying 

worked examples, they do not follow the guidelines provided by the foremost worked example, 

instead, they follow the similar surface features shared with the new problems and the original 

worked example (Margulieux et al., 2020). Therefore, subgoal worked examples have been 

utilized to deliver instructions in procedural domains like computer science (Morrison et al., 

2020).  

The current IR investigation revealed that various researchers have studied the use of 

subgoal worked example designs to improve the computational thinking skills of programmers, 

particularly beginner programmers. Berssanette and de Francisco (2021) conducted a systematic 

review and discovered that the significant effect of subgoal worked examples implies decreasing 

the extraneous load of the learning process. According to the findings, utilizing subgoal labels 

assists inexperienced learners in learning how to program and establish a mental model during 
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the early phases of developing the algorithm and solving the programmed problem (Berssanette 

& de Francisco, 2021).  

The design of subgoal worked examples can take many formats. According to 

Margulieux et al. (2016) study, the researchers used a computer-based environment to deliver the 

programmed instructions and investigated the effectiveness of subgoal worked examples. In the 

experiment learners followed subgoal worked examples that are represented in the computer-

based environment and had the chance to request any additional assistance. Afterwards, learners 

were asked to use App Inventor for Android smartphones to develop an algorithm code design 

by utilizing drop-and-drag codes. According to the study's findings, employing numerous 

subgoal worked examples improves learners' performance when solving programming problems 

and completing codes (Margulieux et al., 2016). 

Moreover, Margulieux and Catrambone (2021) discovered another design of subgoal 

worked examples in programming. The study aimed to assess the participants' abilities in solving 

programming problems following a specific scaffolding approach based on incorporating 

subgoal worked examples and self-explanation. To explain, in this design learners were provided 

with the problem statement and followed by subgoal worked examples to assist in solving the 

problem. Those subgoal worked examples have various features, such as, they were short 

instructions, and “context-independent explanations” (Margulieux & Catrambone, 2021, p.503). 

To have more clarification about this design, the worked examples were labeled based on 

chunking the problem statement into sub-problems, and those subproblems were the subgoals 

that the learners should pay attention to solve the problem effectively. It has been shown that 

including subgoals worked examples within drop-and-drag programming environments has a 
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positive influence on the learners' ability to effectively manage their cognitive load and, as a 

result, successfully solve the programming problems (Margulieux & Catrambone, 2021). 

Furthermore, several suggestions have been made in order to decrease the burden of 

extraneous cognitive load and to ensure the effective utilization of subgoal worked examples. 

These suggestions include the indication of self-explanation, code comments, and scaffolding 

exercises for learners to complete while they are programming (Berssanette & de Francisco, 

2021; Margulieux & Catrambone, 2021, Margulieux et al., 2016, Margulieux et al., 2020).   

Worked examples as tutorials  

In the context of the online environment, it has been shown that tutorials that extensively 

use worked examples as a mode of instruction are incredibly beneficial (Lee & Hong, 2016). 

Intelligent tutoring systems that are based on worked examples are claimed to provide well-

supported learning and increase problem-solving, as stated by Renkl et al. (2009). These tutorials 

are acting as a model for the steps involved in problem-solving, and they are laying an emphasis 

on demonstrating and explaining the stages that are involved in problem-solving (Kale et al. 

2018).  

Studies have shown that it is practical to indicate tutorials and videos of the actual steps 

of solving problems and coding accurately to promote computational thinking skills such as 

decomposition, algorithm design, pattern recognition, abstraction, and analysis (Grover, 2017; 

Kale et al. 2018; Lee & Hong, 2016). Several initiatives have been established since these skills 

are crucial for computer programmers. As an example, Grover (2017) assessed the effectiveness 

of Foundations for Advancing Computational Thinking (FACT), a middle school introductory 

computing curriculum. The study found that the materials “comprised short Khan Academy-style 

videos ranging between 1 and 5 min in length that led learners through the thinking involved in 
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the construction of computational solutions using the Scratch programming environment” 

(Grover, 2017, p.273).  

Also, learners are able to complete learning tasks more effectively and improve their 

computational thinking skills, particularly abstract, when step-by-step solutions to programming 

problems are demonstrated and modeled for them as a tutorial (Kale et al., 2018). For instance, a 

teacher utilized a video clip of the essential stages of accomplishing a programming algorithm in 

the Scratch environment (Kale et al., 2018). Accordingly, this allowed students to observe the 

processes and successfully drop-and-drag the blocks successfully (Kale et al., 2018).  

Moreover, it is not a unique approach in the field of STEM education to incorporate 

tutorials within the context of the programming environment. Lee and Hong (2016) employed 

worked examples as a programming tutoring system to teach JavaScript, a different 

programming language. Participants in this study were given instructions on how to enter the 

virtual learning environment, where they would first be required to watch a video tutorial 

detailing a lesson, then complete a practice exercise, and finally complete the session with an 

assignment (Lee & Hong, 2016).  

While Jocius et al. (2021) incorporated a scaffolding system into the Snap! Programming 

environment using the storyboard, this system included tutorials, visuals, and written worked 

examples. 

Furthermore, Jennings and Muldner (2021) developed a tutoring system (Code tracing 

CT) in the form of worked examples to promote computational thinking skills. The Code tracing 

CT; has many advantages, like it: 

explicitly scaffold the process by requiring that students perform the code trace in a 

prescriptive, principled way, (2) provide assistance such as immediate feedback for 
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correctness, and (3) log student actions that can be subsequently mined to identify 

patterns of behaviors that are beneficial (or not) for learning (p.790).  

The tutoring system Code tracing CT includes simulating a computer program in a step-by-step 

form, discovering any faults in the code, anticipating the output, and enhancing the learning 

process and engagement (Jennings & Muldner, 2021). 

However, research indicated that some instructional design considerations should be 

addressed to assure the efficacy of developing tutorials as worked examples. It is important to 

note that worked examples that are not helping in reducing the extraneous cognitive load will not 

transfer any learning (Renkl et al., 2009). Therefore, instructional designers and instructors who 

are interested in developing effective and interactive worked examples-like tutorials- may follow 

several multimedia design principles (Jennings & Muldner, 2021; Lee & Hong, 2017; Renkl et 

al., 2009). The multimedia design principles may include image, personalization, temporal 

contiguity, spatial, coherence and redundancy principles (Lee & Hong, 2017). Self-explanation is 

another essential aspect of instructional design that should be adhered to when developing 

compelling worked examples (Lee & Hong, 2017; Renkl et al., 2009). 

Fading worked examples. 

Another approach to design worked examples involves providing the learner with as 

many performances supports as are required to accomplish a goal, and then gradually removing 

those supports as the learner becomes more capable of accomplishing the purpose on their own 

(Bunch, 2009). This approach is called fading worked examples, with fading learners at the 

beginning of problem solving are provided with a full worked example of a solution, after the 

provided problem is fading gradually into subproblems that need to be solved (Moreno et al., 

2009).  
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According to the literature, two forms of faded worked examples can be implemented, 

backward fading (BF) and forward fading (FF). The distinction between the two formats 

indicates that in backward fading (BF), learners are completing “the last solution step of the first 

practice problem, the last two solution steps of the second practice problem, and so on, until they 

solve all steps” (Moreno et al., 2009, p.83). While in forward fading (FF), learners are 

completing “the first solution step of the first practice problem, then the first two solution steps 

of the second practice problem, and so on, until all steps are solved” (Moreno et al., 2009, p.83). 

Moreover, when learners are given fading as an instructional strategy, they are prompted to 

reflect on what they learned from the prior scaffolds and apply that information to solve the 

given problem (Moreno et al., 2009; Vieira et al., 2015). 

In addition, the faded worked examples approach “has shown positive results in reducing 

cognitive loads in the domains of mathematics and programming” (Vieira et al., 2015, p.3). In 

Boldbaatar and Şendurur (2019) study, the researchers investigated the effect of backward fading 

worked example designs in both block-based and text-based programming environments. The 

study shows the high effectiveness of backward fading in improving learners’ ability in 

completing algorithms in block-based programming environments, specifically, novice learners 

(Boldbaatar & Şendurur, 2019).  

Furthermore, Si et al. (2014) applied backward fading worked examples as a prior 

training session to teach the algorithm design of a program code; this was done in the context of 

teaching the algorithm.  

In-game worked examples. 

Another idea was motivated by assessing the consequences of playing a programming 

game with and without the assistance of studying worked examples. The purpose of the research 
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carried out by Toukiloglou and Xinogalos (2022) is to explore the effect of using worked 

examples as a support system to assist learners in engaging with a distinctive programming 

environment. Learners are required to interact with the programming environment to solve 

specific problems. The appearance of the worked examples guides them through the interaction 

with the block-based programming environment (Toukiloglou & Xinogalos, 2022). The 

researchers concluded that the special in-game design with worked examples assists in activating 

the schemata, which significantly positively affects the learners' performance in programming 

(Toukiloglou & Xinogalos, 2022). 

Summary of research question #1.  

Based on the previous studies, seven forms of worked examples were recognized as 

designs to be included in the programming settings and used to aid in enhancing the multiple 

computational thinking skills. The designs or forms include animated worked examples, process-

oriented worked examples, sequenced worked examples, subgoal design, tutorial as worked 

examples, faded worked examples and in-game worked examples.  

Each design required specific considerations either following multimedia learning 

principles design or other instructional design principles that may have an impact on managing 

the cognitive load and enhance the learning process. The following table (Table 2) shows the 

summary results of the first research question with the related studies.  

 

 

 

 

 



 

 86 

Table 2  

A summary of research question no.1. 

WEs Design  Article (by author/s) Computational 
skills 

Programming 
language/ course 

animated worked 
examples 

Chang et al., 2011; Cevahir et 
al., 2022; Hosseini et al., 2020; 
Hsu et al., 2012; Vieira et al., 
2018. 

Algorithm design, 
modeling. 

Intro to programming, 
windows 
programming, Python, 
Thermodynamics.  

Process-oriented 
worked examples 
WOE 

Si et al., 2014. Algorithm design. C programming. 

Sequencing set of 
worked examples 

Abdul-Rahman & Du Boulay, 
2014; Bunch, 2009; Chang et al, 
2000; Garner, 2007; Nainan & 
Balakrishnan, 2019; Si et al., 
2014. 

Algorithm design, 
data collection, 
data analysis, 
evaluation. 

Intro to programming, 
C programming. 

Subgoal worked 
examples 
 

Berssanette & de Francisco, 
2021; Margulieux & 
Catrambone, 2021; Margulieux 
et al., 2012; Margulieux et al., 
2018; Morrison et al., 2020.  

Algorithm design,  Intro to programming, 
Maker App 

Worked examples as 
tutorials  
 

Grover, 2017; Jennings & 
Muldner, 2021; Jocius et al., 
2021; Kale et al. 2018; Lee & 
Hong, 2016;  

Decomposition, 
abstraction, pattern 
recognition, 
algorithm design 

Intro to programming, 
Python, Snap! 
Programming, 
JavaScript 

Fading worked 
examples 
 

Boldbaatar & Şendurur; 2019; 
Bunch, 2009; Moreno et al., 
2009; Vieira et al., 2015 

Algorithm design, 
data collection, 
data analysis. 

StarLogoBlocks, C 
programing language, 
intro to programming  

In-game worked 
examples 

Toukiloglou & Xinogalos, 2022 Algorithm design Blockly 
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Findings of Research Question 2 

The second research question “What instructional design principles have been recognized 

in the literature and need to be considered when designing WEs to promote CT skills?”, is 

seeking information about the most frequently instructional design principles that have been 

employed to design worked examples in programming settings. Approximately 50 % of the 

gathered studies explored several instructional design principles that have been used to design 

effective worked examples. 

The design of worked examples played an essential role in providing effective instruction 

and ensuring successful learning results (Atkinson & Renkl, 2007; Chang et al., 2011; Hsu et al., 

2012; Margulieux & Catrambone, 2021; Nainan & Balakrishnan, 2019; Lee & Hong, 2017).  

The IR found a theoretical review of empirical studies conducted by Shen and Tsai 

(2009) this review analyzed 8 instructional design principles for developing worked examples in 

several science domains including computer science. According to Shen and Tsai (2009) review, 

designing effective worked examples may follow several instructional designing principles, as 

the following: 1) imagination principle, 2) completion principle, 3) fading principle, 4) process 

principle, 5) presentation principle, 6) media principle, 7) timing principle, 8) self-explanation 

principle.  

The next table (Table 3) provided an overview of Shen and Tsai (2009) instructional 

design principles list and their implications within the current IR studies. 
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Table 3 

Instructional design principles for designing worked examples according to Shen and Tsai 

(2009) and how it is applied with the results of the current study. 

The principle Description Applied in 
programming 
settings 

Related Studies  

Imagination principle Learners who already possessed 
the necessary schemas would 
convey that imagining positively 
impacted their learning more than 
studying the content itself. On the 
other hand, less experienced 
learners would find that imagining 
had a more detrimental impact on 
their learning (Shen & Tsai, 2009). 

N/A N/A 

Completion principle A completion of a problem is “is a 
partial worked example where the 
learner has to complete some key 
solution step” (Sweller et al., 
2011, p.105). 

Yes  (Abdul-Rahman & 
Du Boulay, 2014; 
Chang et al. 2000; 
Davidovic et al., 
2003; Garner, 2007). 

Fading principle It is based on the idea that learners 
will be able to handle increasing 
demands on their working 
memory if they gradually get less 
guidance with solving problems 
and have to solve more complex 
problems as they get better at 
solving problems (Shen & Tsai, 
2009; Sweller et al., 2011). 

Yes (Boldbaatar & 
Şendurur, 2019; 
Moreno et al., 2009; 
Vieira et al., 2015).  

Process principle It indicates providing chunks of 
the problem solutions, adding 
labels, underlying problem 
structure, and guiding learners to 
discover more about the process of 
solving specific problems (Shen & 
Tsai, 2009). 

Yes (Berssanette & de 
Francisco, 2021; 
Margulieux et al., 
2016; Margulieux 
et., 2018; 
Margulieux et al., 
2020; Margulieux & 
Catrambone; 2021; 
Margulieux & 
Catrambone; 2016; 
Morrison et al., 
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2016; Si et al., 2014; 
Van Gog et al., 
2004). 

Presentation principle Learners gained more from 
instructional materials that 
indicated visuals such as diagrams 
and graphics as opposed to 
materials that mainly included text 
(Shen & Tsai, 2009). 

Yes (Cevahir et al., 2022; 
Chang et al., 2011; 
Hosseini et al., 2020; 
Hsu et al., 2012).  

Media principle  It implies incorporating visual, 
textual, and aural components 
together with worked examples to 
attract the learner's attention and to 
create additional opportunities for 
engagement with the material 
(Shen & Tsai, 2009). 

Yes (Grover, 2017; 
Jennings & Muldner, 
2021; Jocius et al., 
2021; Kale et al., 
2018; Lee & Hong, 
2017; Renkl et al., 
2009). 

Timing principle It reveals that delivering the 
worked examples followed by 
other comparable examples and 
problems as sequences can 
significantly influence the learning 
process than simply offering the 
worked examples alone (Shen & 
Tsai, 2009). 

Yes (Bunch, 2009; 
Davidovic et al., 
2003; 
Mahatanankoon & 
Wolf, 2021; Nainan 
& Balakrishnan, 
2019). 

Self-explanation 
principle 

It is defined as "a mental dialogue 
that learners have when studying a 
worked example that helps them 
understand the example and build 
a schema from it" (Clark et al., 
2011, p. 226). 

Yes (Alhassan, 2017; 
Atkinson & Renkl, 
2007; Berssanette & 
de Francisco, 2021; 
Hosseini et al., 2020; 
Margulieux & 
Catrambone; 2021; 
Margulieux & 
Catrambone; 2016; 
Margulieux et al., 
2016; Nainan & 
Balakrishnan, 2019; 
Vieira  & Magana, 
2015; Vieira et al., 
2021; Vieira et al., 
2019;Vieira et al., 
2017). 
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In addition, the IR analyzed around 45% of the collected studies that employed various 

instructional design principles, including self-explanation, fading, multimedia, completion, and 

split attention. Additionally, according to the IR, it has been found that self-explanation is the 

most utilized instructional design principle, followed by multimedia, split attention, completion, 

and then fading. The next figure (Figure 5) illustrates the distribution of the most employed 

instructional design principles in this IR study. 

Figure 5  

The most followed ID principles of developing WEs in the IR. 

 

 

 

 

 

 

 

 

 

Note. The figure above illustrates the most often used instructional design principles in creating 

worked examples found in the IR. 

Self-explanation effect principle  

 Explaining and self-explaining have been shown to be crucial cognitive processes that 

facilitate effective learning and transfer (Alhassan, 2017; Atkinson & Renkl, 2007; Hosseini et 

al., 2020; Margulieux & Catrambone; 2021; Vieira et al., 2019). In the context of learning 
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through worked examples, Atkinson and Renkl (2007) defined the self-explanation technique as 

learners' efforts to understand better how to approach the problem presented in the example. 

 When it comes to learning computer programming skills, the adoption of self-

explanation has demonstrated favorable effects for learners with both low and high levels of 

prior knowledge (Alhassan, 2017; Berssanette & de Francisco, 2021). The integration of “the 

worked-examples with the self-explanation strategy and the project structure provided the 

supportive information in the form of cognitive strategies for problem solving” (Vieira et al., 

2021, p.356). 

Accordingly, several strategies for facilitating the adoption of worked examples with self-

explanation were analyzed in the current IR. For insurance, while providing computational 

instruction, Vieira et al. (2019) encouraged learners to provide their explanations by using the in-

code comment element - that is built in the programming environment. Researchers with this 

strategy found that commenting while coding is a key component of fundamental programming 

lessons, and it is frequently used to communicate among programmers (Vieira et al., 2019). 

Researchers of the experiment illustrated that “self-explanations are usually studied following a 

think-aloud protocol, or as written statements independent from the code“ (Vieira et al., 2019, 

p.202). 

 According to Alhassan (2017), learners can avoid making the common mistakes that 

first-time programmers make with the aid of self-explanation and worked examples. Integrating 

self-explanation and worked examples showed how the commands should be used in various 

scenarios, allowing the learner to create new code with fewer mistakes (Alhassan, 2017). To 

illustrate, indicating writing comments in the code, would increase the awareness of the example 

and the steps of solving the programming problem (Berssanette & de Francisco, 2021). 
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Furthermore, Hosseini et al. (2020) discovered that demonstrating worked examples with self-

explanation in the coding process may motivate learners to develop the mental process of 

understanding the algorithm of the code.  

Moreover, Nainan and Balakrishnan (2019) claimed that incorporating explanations into 

various parts of the solution in the form of descriptive labels is a viable strategy that exceeds 

expectations for fostering self-explanation. Therefore, the prospect of indicating the subgoal 

worked examples format to support the information processing in a way that generates long-term 

learning arises from this technique (Margulieux et al., 2016). Providing a support system based 

on self-explanation and worked examples at the initial problem-solving process would ultimately 

improve performance in subsequent problem-solving attempts (Margulieux & Catrambone; 

2021).  

However, to ensure the effectiveness of self-explanation and worked examples, Vieira 

and Magana (2015) stated that: 

a self-explanation should contain four aspects that depict an understanding:  

(1) the conditions of application of the actions.  

(2) the consequences of actions.  

(3) the relationship of actions to goals; and 

 (4) the relationship of goals and actions to natural laws and other principles (pp.12-13). 

Furthermore, the literature showed that in designing self-explanation, certain aspects of 

these explanations, such as the fact that they link to fundamental principles, could be the key to 

gaining a deeper comprehension of the phenomena (Atkinson & Renkl, 2007; Vieira et al., 

2019). 
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The Multimedia learning principle   

  According to Renkl (2014), "Learners gain deep understanding in multimedia-based 

learning environments when they receive worked examples in initial cognitive skill acquisition" 

(p.391). 

 Following an overview of the principles of multimedia that are applied in the field of 

instructional design, it has been found that learning with "words and pictures" is shown to be 

more successful than learning using text alone (Butcher, 2014, p.174; Mayer, 2006). Whereas it 

is essential to include visuals to support the procedures in worked examples, also it is imperative 

to deal with complicated problems involving a more significant cognitive mental load (Chang et 

al., 2011; Hsu et al., 2012; Renkl, 2014; Si et al., 2014).  

As a result, it is essential to pay special attention to the process of developing worked 

examples while interacting with instruction in a digital environment such as a programming 

context. 

 In Chang et al. (2011) study, the researchers followed the multimedia learning principles 

as they developed an executable program that demonstrated the necessary steps to design the 

suitable algorithm and to promote computational thinking skills. The researchers followed a 

specific principle of multimedia principles, known as (temporal contiguity). Mayer (2001) 

described temporal contiguity as the technique when learners “learn better when corresponding 

words and pictures are presented simultaneously rather than successively“(p.96). It was 

discovered that adhering to the idea of temporal contiguity while developing the executable 

program improved the learner's ability to make connections between the textual descriptions and 

the relevant visual elements (Chang et al., 2011). 
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 Furthermore, (Modality principle) is another multimedia design principle that has been 

identified in the current IR. Mayer (2011) described the modality principle as the technique when 

learners “learn better from animation and narration than from animation and on-screen text; that 

is, students learn better when words in a multimedia message are presented as spoken text rather 

than printed text“(p.134).  Si et al. (2014), followed the modality principle in designing the 

experiment materials by developing two types of worked examples in conjunctions with 

multimedia; the bimodal process-oriented WEs contained visual and audio, and unimodal 

process-oriented WEs contained visuals only. The results indicated that the bimodal process-

oriented WEs had a significant positive effect in controlling the learning cognitive load as well 

as successful programming performance (Si et al., 2014).  

 Moreover, Hsu et al. (2012), followed the multimedia principle in developing the worked 

examples to promote computational thinking skills. Multimedia principles indicate that learners 

“learn better from words and pictures than from words alone” (Mayer, 2011, p.63). The 

researchers concluded that providing multimedia and worked examples had a positive effect in 

controlling the cognitive load enhancing the programming skills as well (Hsu et al., 2012). 

 In addition, Lee and Hong (2017) applied several multimedia learning principles when 

they developed worked examples as a tutoring system. Spatial, temporal contiguity, coherence, 

redundancy, image, and personalization principles were used in Lee and Hong (2017) study. The 

following table (Table 4) provides an overview of Lee and Hong (2017) design principles and 

their description.  
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Table 4  

Description of multimedia learning principles in (Lee & Hong, 2017) study. 

The multimedia 
principles 

Description  

spatial Learners “learn better when corresponding words and pictures 
are presented near rather than far from each other on the page or 
screen” (Mayer, 2011, p.135). 

temporal contiguity Learners “learn better when corresponding words and pictures 
are presented simultaneously rather than successively“(Mayer, 
2011, p.96).  

coherence Learners “learn better when extraneous material is excluded 
rather than included” (Mayer, 2011, p.89). 

redundancy Learners “learn better from graphics and narration than some 
graphics, narration, and printed text” (Mayer, 2011, p.118). 

image Learners “do not necessarily learn better when the speaker’s 
image is added to the screen” (Mayer, 2011, p.242). 

personalization principles Learners “learn better from multimedia presentations when 
words are in conversational style rather than formal style” 
(Mayer, 2011, p.242). 

 

The study resulted in a significant effect of the multimedia design of the tutoring system 

on enhancing the learner’s computational skills as well as their motivation towards programming 

(Lee & Hong, 2017). 

 

Split Attention effect principle  

 According to the multimedia learning principles, split attention indicates that it is 

preferable to steer clear of the sources that force learners to divide their attention and cognitively 

integrate data from several sources (Ayres & Sweller, 2014). Consequently, instruction should be 

designed in such a way that diverse information sources are visually and chronologically merged, 
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eliminating the necessity for learners to participate in the mental fusion (Ayres & Sweller, 2014; 

Chang et al., 2011; Hsu et al. 2012).  

Furthermore, studies showed that following the split-attention method implies positive 

effects regarding using a dual screen in decreasing the cognitive load, in contrast to using the 

single screen (Berssanette & de Francisco, 2021; Chang et al., 2011; Vieira et al., 2015). 

Fading effect principle 

 Cognitive load theory (CLT) studies have demonstrated that providing worked examples 

first, followed by problems to be addressed, is the most effective way to promote cognitive skill 

learning in well-structured domains (Atkinson et al., 2000; Sweller et al., 2003). However, 

Sweller et al. (2011) claimed that “instructional designs and techniques that are relatively 

effective for novice learners can lose their effectiveness and even have negative consequences 

with increasing levels of expertise” (p.171). This implies that providing the learners with 

comprehensive guidance could impede their ability to enhance their learning skills. Therefore, 

the fading effect used to be useful in designing worked example series (Hosseini et al., 2020).  

 The current IR analyzed several studies that followed the fading technique in developing 

worked examples to promote computational thinking skills. For instance, Boldbaatar and 

Şendurur (2019) applied the fading backward techniques when developing worked examples to 

enhance programming skills. The research showed that faded worked examples were beneficial 

in aiding learners to remember the processes that are needed to accomplish the algorithm design 

of the programmed problem (Boldbaatar & Şendurur, 2019). In a similar manner, the fading 

feature was utilized by Vieira et al. (2021) while they were developing scaffolding worked 

examples that gradually faded away from the algorithmic code. Also, Hosseini et al. (2020) 
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followed the principles of fading when they developed interactive worked examples to enhance 

learning Python programming language. 

However, the complexity level of the proposed problem plays a role in determining 

whether or not the fading effect should be used when constructing worked examples (Moreno et 

al., 2009). 

Completion effect principle  

 The IR analysis shows that the effective design of worked examples is associated with 

several other instructional techniques. The completion effect with worked example “is a partial 

worked example where the learner has to complete some key solution steps” (Sweller et al., 

p.105). Learners enhanced their learning skills by first reviewing completed worked examples 

and then applying what they had learned to solve a portion of the problem (Abdul-Rahman & Du 

Boulay, 2014; Berssanette & de Francisco, 2021; Van Gog et al., 2004). 

Summary of research question #2.  

Based on the previous studies, several instructional design principles were being followed 

when developing worked examples to promote computational thinking skills. For instance, 

multimedia principles, fading effect, split attention effect, self-explanation effect, completion 

effect. In addition, it has been shown that the self-explanation effect is one of the most important 

principles that could be considered when designing worked examples in programming settings. 

Furthermore, IR discovered that algorithm design, decomposition, and computational 

modeling were the most targeted computational thinking skills when answering the second 

research question. Besides, those studies investigated their experiments in several programming 

courses. The following table (Table 5) shows the summary results of the second research 

question with the related studies.  
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Table 5  

A summary of research question no.2. 

IDT Design Article (by author/s) Computational 
skills 

Programming 
language/ course 

Self-explanation Alhassan, 2017; Berssanette & 
de Francisco, 2021; Hosseini et 
al., 2020; Margulieux & 
Catrambone; 2021; Vieira et al., 
2019 

Algorithm design, 
Decomposition. 

Intro to programming, 
StarLogoBlocks, 
Python, Maker App, 
MATLAB. 

Multimedia Chang et al., 2011; Hsu et al., 
2012; Lee & Hong, 2017; Si et 
al., 2014. 

Algorithm design. Windows 
programming, intro to 
programming, 
JavaScript, C 
programming. 

Split attention Berssanette & de Francisco, 
2021; Chang et al., 2011; Hsu et 
al. 2012; Vieira et al., 2015 

Algorithm design. Intro to programming, 
StarLogoBlocks, 
Windows 
programming, C 
programming 

Fading 
 

Boldbaatar & Şendurur, 2019; 
Moreno et al., 2009; Vieira et 
al.,2021 

Algorithm design, 
computational 
modeling 

Intro to programming, 
StarLogoBlocks, 
MATLAB 

Completion 
 

Abdul-Rahman & Du Boulay, 
2014; Berssanette & de 
Francisco, 2021, Chang et al., 
2000; Garner, 2007. 

algorithm design. Intro to programming. 

 

Findings of Research Question 3 

The third research question “What factors or circumstances might have an impact on the 

development of WEs for well-structured programming problems?”, is seeking information about 

factors that are affecting the design worked examples in programming settings. Identifying such 

factors might have led to a more effective learning experience. Twenty-nine (n=29) articles were 
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included in the analysis for this question, and those studies discussed several factors that have an 

impact on the designing worked examples. 

 Utilizing worked examples as part of an instructional strategy is one method that has the 

potential to improve problem-solving in highly structured disciplines such as physics, 

mathematics, and computer programming (Abdul-Rahman & Du Boulay, 2014; Alhassan, 2017; 

Vieira et al., 2015). Under some circumstances, Ward and Sweller (1990) proposed that "worked 

examples are no more successful, and potentially less effective, than solving problems"(p.1). The 

ineffective design or worked examples may affect the learning process negatively because it 

“might burden the student's working memory” (Atkinson et al., 2000, p.186). Therefore, 

structuring worked examples is essential in order to reduce any cognitive load that could arise 

throughout the process of learning how to program and might have an effect on the learning 

outcomes (Chang et al. 2011; Margulieux & Catrambone; 2021).  

For this question, the data analysis of peer-reviewed journal articles revealed two general 

themes. The first theme is connected with the moderating factors influencing the design of 

working examples identified by Atkinson et al. (2000), and the second with numerous external 

components involved with the learning process. 

As an effort to increase the effectiveness of worked examples, pioneers of the field of 

instructional design indicated that the effectiveness of worked examples is determined based on 

several factors, and they classified them as: 

 a) intra-example features, 

 b) inter-example features, and  

c) environmental / situational aspects (Atkinson & Renkl, 2007; Atkinson et al., 2000).  
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For more explanation:  

Intra-example features 

Intra-example features are associated with the approach in which the worked example is 

designed, as well as the way in which the stages of the worked example are presented (Atkinson 

et al., 2000). One key to increase the effective design of worked examples lies in the manner in 

which different kinds of elements, such as text and diagrams, visual and aural information, are 

integrated (Atkinson & Renkl, 2007; Atkinson et al., 2000; Renkl et al., 2009). Various intra-

example designs may provide more or less information about the problems’ solutions (Abdul-

Rahman & Du Boulay, 2014; Atkinson et al., 2000; Chang et al., 2000; Garner, 2007; Renkl et 

al., 2009), providing verbal explanations within WEs (Abdul-Rahman & Du Boulay, 2014; Hsu 

et al., 2012), several modality representations of the problem’s solutions (Grover, 2017; Jennings 

& Muldner, 2021; Jocius et al., 2021; Kale et al., 2018; Lee & Hong, 2017; Chang et al., 2011). 

In terms of probable contributing elements, the current IR found that intra-example 

features are the most prominent factor in this research. Approximately 61% of the analyzed 

studies in this section cover various approaches to presenting worked examples, each with the 

implications for how the solution processes should be displayed. For instance, to encourage 

algorithm construction in an introductory programming course, Abdul-Rahman and Du Boulay 

(2014) studied the impact of two web-based interfaces for delivering worked examples with 

varying levels of information about the problem's solution. In their study, Abdul-Rahman and Du 

Boulay (2014) utilized CORT (Code Restructuring Tool) - created by Garner (2007) - to deliver 

programming worked examples that were designed as incomplete. This interface has two parts: 

one describes the incomplete design of a worked example, while the other provides users with 

the necessary code to complete the programming task (Abdul-Rahman & Du Boulay, 2014). 



 

 101 

According to Renkl et al. (2009), providing learners with an incomplete worked example design 

has an effect on developing their ability to think, solve a problem, and enhance their self-

explanation abilities. Additionally, Chang et al. (2000) utilized complete and partial worked 

examples through three phases of exercises. These exercises involved engaging with the 

material, practicing, and filling in the missing areas of the programmed codes (Chang et al., 

2000). 

In addition, providing verbal explanations within the worked examples design has an 

impact on the learning process (Renkl et al., 2009). As per Abdul-Rahman and Du Boulay 

(2014), a textual explanation is an option that can be used when designing worked examples. 

This textual explanation option involves the use of interactive bullets that give the learner the 

ability to expand and discover additional information regarding the programmed problems 

(Abdul-Rahman & Du Boulay, 2014). Moreover, the verbal explanation of the solutions' phases 

toward the correct algorithm design of C programming codes was included by Vieira et al. 

(2015) into a flowchart design of the solution's processes. 

Furthermore, the intra-example feature, in addition to the previous implementations, 

includes several modality representations of the problem's solutions. This involves integrating 

worked example text with visuals, audio, animations, or a combination of these elements 

(Atkinson et al., 2000; Renkl et al., 2009). For instance, Chang et al. (2011) developed an 

executable program of a worked example solution that simulates the essential procedures to 

solve a programming problem. Additionally, several of the gathered studies benefited from 

interactive tutorials that aimed to improve learners computational thinking skills. Several 

researchers have made use of the access of video tutorials that imitate the algorithm design 

processes of solving programming problems (Grover, 2017; Jennings & Muldner, 2021; Jocius et 



 

 102 

al., 2021; Kale et al., 2018; Lee & Hong, 2017). The integration of animations with worked 

examples was another way to help learners learn how to code. These animations might act as 

guides or simulations of the programming processes (Cevahir et al., 2022; Chang et al., 2011; 

Hosseini et al., Hsu et al., 2012; 2020; Vieira et al., 2018). 

Furthermore, presenting chunks of the problems to be solved as subgoals is seen as a 

crucial component that is associated with the intra-example feature of the effective design of 

worked examples (Atkinson & Renkl, 2007; Atkinson et al., 2000). Subgoals of the 

programming problems have been used in several studies, for example, Margulieux and 

Catrambone (2016) employed subgoal design within the worked examples in a programming 

environment. The study suggested that providing subgoal explanation of the programming 

problems is essential and it makes the “learning process passive and dictated by experts rather 

than by learners” (Margulieux & Catrambone, 2016, p. 503). Berssanette and de Francisco 

(2021) recognized the importance of designing worked examples and how it may affect the 

learning process in their systematic review. The findings about subgoals are consistent with the 

reverse expertise effect, and they implied that as learners get more proficient at solving 

problems, the subgoal labeling strategy becomes less helpful (Berssanette & de Francisco, 2021). 

Inter-example features 

Inter-example features are related to the relationship between the provided worked 

examples (Abdul-Rahman & Du Boulay, 2014). It is crucial to evaluate how the worked 

examples are sequenced, as well as how they compare to one another and how they are 

connected to one another, in order to produce an effective design for the worked examples (Hsu 

et al., 2012; Vieira et al., 2015). 

According to Atkinson et al. (2000), it is important to consider: 
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(1) the number of examples to present during instruction,  

(2) how and whether examples should be varied within a lesson,  

(3) how themes or "surface stories" might be varied to instructional advantage, and  

(4) how practice and examples should be intermingled (p.191). 

The inter-example feature offers numerous worked example designs, including the 

presentation of more or less worked examples (Abdul-Rahman & Du Boulay, 2014; Hsu et al., 

2012, Vieira et al., 2015), and it is also related to the presentation of several problem forms 

(Bunch, 2009). The IR assessed about 19% of studies in this section that covered various 

approaches to consider while building a variety of worked examples. 

Hsu et al. (2012), designed an interactive programming material, including the 

corresponding worked examples in several slides, and each example provided a simulation of the 

algorithm design of the programming language. Moreover, to determine the impact of structure-

emphasizing worked examples, Abdul-Rahman and Du Boulay (2014) presented pairs of worked 

examples of programming problems and allowed the learner to explore additional matched 

problems that were attached as external references. While Vieira et al. (2015) presented three 

activities, each consisted of a pair of programming worked examples, which was followed by a 

third exercise to evaluate achieving the instructional goals. 

In a similar manner, the IR discovered one article (n=1), which explored the effectiveness 

of offering various scenarios as several types of problems within the worked example design 

(Bunch, 2009). 
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The environmental/situational features  

Environmental or situational features are associated with other elements that may affect 

learning from worked examples (Abdul-Rahman & Du Boulay, 2014; Vieira et al., 2015). This 

specifically deals with “the ways in which examples are used by the problem solver, particularly 

the practice of explaining examples to one's self and to others” (Atkinson et al., 2000, p.195). 

The current IR discovered that the environmental/ situational aspects are less discussed than the 

previous factors with assessing only two elements related to these features, the demo-practicing, 

and self-explanation. Only one study (n=1) focused on providing the pre-training as a demo-

practice to strengthen the effectiveness of worked example design in a programming domain 

(Lee & Hong, 2017).  

While the most common environmental or situational feature that has an influence on 

designing worked examples is providing the self-explanation. Self-explanation itself has been 

mentioned as an important element in approximately ten studies (n=10), revealing the 

importance of integrating self-explanation when developing worked examples. The way of 

embedding self-explanation took many forms in the collected studies. Approximately 66% of the 

analyzed studies in this section, integrated the concept of self-explanation into programming 

courses through the use of worked examples and required the learners’ participation in graded 

self-explanation assignments (Alhassan, 2017; Hosseini et al., 2020; Margulieux & Catrambone; 

2021; Margulieux & Catrambone; 2016; Margulieux et al., 2016; Nainan & Balakrishnan, 2019; 

Vieira et al., 2021). On the other half, two studies (n=2), employed (in code) comment feature to 

allow participating in providing self-explanation comments about the programming problems 

(Vieira et al., 2019; Vieira et al., 2017). 
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The following table (Table 6) will provide an overview of the factors that moderating the 

design of effective worked examples based on Atkinson et al. (2000) factors, in conjunction with 

examples of their implementation in the analyzed studies.  

Table 6 

The integration between the factors affecting the design of worked examples by Atkinson et al. 

(2000) and their implementation in the IR studies. 

The factors/ 
features 

Description  IR studies implementation  

intra-example -Focusing on how the worked 
examples are designed and how the 
process solutions are presented 
(Atkinson et al., 2000). 
 
-how to integrate text and diagrams 
effectively within the worked 
examples (Atkinson et al., 2000).   
  
-how to integrate aural and visual 
information (Atkinson et al., 2000). 
   
-”Use of multiple modalities (aural, 
visual, etc.)” (Atkinson et al. 2000, 
p.203). 
 
-how to integrate example’s parts 
(Atkinson et al., 2000). 
-subgoals design (Atkinson et al. 
2000). 
 
- completeness of examples 
(Atkinson et al. 2000). 
 
 

Worked examples included several 
representations like  
-visual, flowcharts, algorithm 
descriptions, and verbal explanations of 
the solution (Hsu et al., 2012; Vieira et 
al., 2015). 
 
 
-An executable program simulates the 
algorithm design (Chang et al., 2011). 
 
 
-interactive tutorials (Grover, 2017; 
Jennings & Muldner, 2021; Jocius et al., 
2021; Kale et al., 2018; Lee & Hong, 
2017). 
 
-integration animations within worked 
examples (Cevahir et al., 2022; Chang et 
al., 2011; Hosseini et al.,2020; Hsu et al., 
2012; Vieira et al., 2018). 
 
-subgoal worked examples (Berssanette 
& de Francisco, 2021; Margulieux et al., 
2016; Margulieux & Catrambone, 2016). 
 
-partial/complete worked examples 
(Abdul-Rahman & Du Boulay, 2014; 
Chang et al., 2000; Garner, 2007). 
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inter-example -Focusing on the relationship 
between the examples and the 
problem's solution (Atkinson et al. 
2000). 
-the variety of problems within the 
instructions (Atkinson et al. 2000). 
 
-“Surface features that encourage 
search 
for deep structure” (Atkinson et al., 
2000, p.203). 
 
-several numbers, forms, or 
problem’s types (Atkinson et al. 
2000). 

-Multiple visual slides of the algorithmic 
worked examples (Abdul-Rahman & Du 
Boulay, 2014; Hsu et al., 2012;Vieira et 
al., 2015). 
 
-multiple problems’ scenarios embedded 
within worked examples (Bunch, 2009). 
 
 

environmental 

/situational 

features 

-pre-training, social interaction, 
self-explanation. (Atkinson et al. 
2000). 

-demo practicing (Lee & Hong, 2017). 
 
-self explanation (Alhassan, 2017; 
Hosseini et al., 2020; Margulieux & 
Catrambone; 2021; 
Margulieux & Catrambone; 2016; 
Margulieux et al., 2016; Nainan & 
Balakrishnan, 2019; 
Vieira  & Magana, 2015; Vieira et al., 
2021; Vieira et al., 2019; 
Vieira et al., 2017). 

 

In addition to the previously mentioned factors, nearly 51% of the studies examined in 

this part, are investigated various aspects and circumstances that influenced the quality of 

worked example designs. 

The programming language regarding content specific has an impact on transferring 

knowledge and developing learning materials (Kale et al., 2018). For this reason, studies urge 

paying attention to teacher development programs, notably ones that focus on developing 

innovative methods to increase computational thinking skills, integrating technology, and 

teaching digital skills (Grover, 2017; Kale et al., 2018; Uysal, 2014). In addition, “teaching 

style” (p.202) and subject goals are considered as important factors when designing learning 
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support materials including worked examples to promote computational thinking skills (Uysal, 

2014). 

Furthermore, understanding the learners' differences before creating worked examples 

aids in selecting the best programming domain or language to achieve the educational aims. For 

example, the Drag-and-Drop programming language is an appropriate option for offering 

programming instruction to novice programmers (Grover & Pea, 2013). For this purpose, 

Margulieux and Catrambone (2021) used Drag-and-Drop programming language in association 

with worked examples to provide the appropriate guidance for novice programmers while 

solving programming problems. 

In addition to selecting the appropriate programming language, it is a crucial step before 

designing worked examples to understand the variations amongst learners. This assists in 

determining the learners' time management in relation to completing algorithmic tasks (Hosseini 

et al., 2020). Consequently, recognizing learner differences leads to assessing the comprehensive 

support system that is appropriate for the targeted learners, inspiring the successful design 

criteria for worked examples, and offering any further assistance required, such as hints and 

clues (Jennings & Muldner, 2021; Margulieux & Catrambone, 2021). 

Recognizing learners’ differences is an important factor that affects the design of worked 

examples (Uysal, 2014). Learners may be differentiated from one another based on their prior 

knowledge of a particular topic, which characterizes them as either novices or experts (Buitrago 

Flórez et al., 2017). Accordingly, this element is very important to recognize when designing 

worked examples, specially, that programming is difficult for novice learners (Lee & Hong, 

2017). Knowledge is acquired and generalized more successfully when presented to novice 

learners in the form of explicit worked examples that are meant to assist them in solving 
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problems (Hosseini et al., 2020). However, designing worked examples in an explicit way is 

important because novice learners tend to “organize and encode procedural information based on 

surface features of the problem” (Margulieux et al., 2018).  

Furthermore, Vieira et al. (2019) discovered that the learner's ability to elaborate and 

comment on the coding problem and to justify their decisions at each stage of algorithm 

construction is a significant component that may influence the creation of worked examples. 

Learners’ ability to explain and comment is associated with self-explanation, an important 

situational factor (Atkinson et al. 2000). Self-explanation prompts are considered as an important 

factor that affect the design of worked examples, specifically in algorithmic domains like 

computer science (Alhassan, 2017; Renkl et al., 2009; Vieira & Magana, 2015; Vieira et al., 

2021). In designing backward and forward worked examples, researchers implied associating 

self-explanations within the examples to promote a deeper understanding (Moreno et al., 2009). 

Commenting is advantageous not just to the learner who has engaged with the worked examples, 

but also to other learners who might benefit from sharing peer comments on the algorithmic task 

(Wang & Hwang, 2017).  

Besides, another element that influences the design of worked examples is the average 

time necessary to construct an algorithm design by emulating the steps of a previous example, 

especially if worked examples have the engaging feature (Jennings & Muldner, 2021; Si et al., 

2014). Concurrently, there is considerable consensus that engagement is a component that plays 

a vital role in the effectiveness of the learning process (Abdul-Rahman & Du Boulay, 2014; 

Hosseini et al., 2020; Uysal, 2014). Therefore, engaging the learners and ensuring that they 

remain involved throughout the process of following the worked examples is essential 
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component that contributes to the success of using worked examples (Boldbaatar & Şendurur, 

2019; Hsu et al., 2012; Nainan & Balakrishnan, 2019).  

Summary of research question #3.  

The third research question revealed several factors have been identified in a various 

number of studies. All these factors are important to consider when designing worked examples, 

specifically for promoting computational thinking skills in programming settings. When 

considering designing effective worked examples, the instructional designer or the instructor 

should pay particular attention to the design features of the worked examples.  

When planning to design worked examples and considered the way of presenting those 

examples, it is crucial to take into account the following three intra-example features: combining 

text and graphics, integrating auditory and visual data, and incorporating phases and subgoals 

(Abdul-Rahman & Du Boulay, 2014; Hsu et al., 2012; Vieira et al., 2015). Whereas if the 

instructional designer or the instructor is planning to design a sequence of worked examples, it is 

important to consider the inter-example features that are concerned on the way that the examples 

should be presented during instruction (Hsu et al., 2012; Vieira et al., 2018). In addition, there 

might be a need to consider additional environmental factors that may have an impact on the 

design; these factors, for the most part, are not directly connected to the worked examples more 

than the learners, environment, and all other elements that are related to the learning process 

(Nainan & Balakrishnan, 2019; Vieira et al., 2017). However, other elements associated with 

learning process such as learners' differences, programming languages preferable, teaching style, 

instruction time, and learning engagement (Alhassan, 2017; Grover, 2017; Jennings & Muldner, 

2021; Renkl et al., 2009; Uysal, 2014; Vieira & Magana, 2015; Vieira et al., 2021). 

The next figure (Figure 6) is a mind map that illustrates an overview of these factors. 
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Figure 6 

Mind map of the most important factors that affect the design of WEs in the IR. 
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Findings of Research Question 4 

The fourth research question “What are some examples of effective WEs for well-

structured programming problems that have been identified in the literature?”, is seeking 

information about successful examples of employing worked examples to promote 

computational thinking skills. The IR found that approximately 78 % of the studies reported 

numerous successful experiences of employing worked examples in programming settings.  

The study categorized the successful examples of employing worked examples to 

promote computational thinking skills into three subcategories: 

a) Medium concentrates on the delivery system where the worked examples are 

presented.  

b) Supportive tools concentrate on the utilized tools that presented or provided 

additional support with the worked examples.  

c) Techniques concentrate on strategies that have been integrated with worked 

examples to promote the computational thinking skills. 

 

Medium: Online learning environments 

Within the scope of this analysis, an online learning environment and web pages served 

as the vehicles for delivering the programming instruction and its accompanying worked 

examples. Traditional worked examples via worksheets followed by the textbook programming 

instruction as well as digital worked examples via digital slides have been utilized in addition to 

practicing the programming tasks in computer labs (Alhassan, 2017; Bunch, 2009; Chang et al., 

2011, Grover, 2017).  
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Wang and Hwang (2017) were able to develop a model for online team-based learning 

that is centered on generating problems and collaborating to solve them by integrating the Wiki 

functionality module into the Moodle learning management system. Researchers indicated that 

the learning environments allow learners to “edit” (p.1659), and participate by comments (Wang 

& Hwang, 2017). Also, Moodle environment provided the learners with the opportunity to record 

each version of the modified outcomes, which enabled them to compare and contrast the 

differences that have occurred among the various codes (Wang & Hwang, 2017). Furthermore, 

Vieira et al. (2021) used Blackboard to provide a number of resources, such as video lessons, 

worked examples, and code examples, to encourage learners to demonstrate a variety of skills, 

such as mathematical and computational thinking skills. Throughout the experiment, the learners 

were given access to various scaffolds. First, in the classroom format, learners could access the 

video lessons whenever they wanted. Then, learners may review the accompanying lecture 

slides; and end the learning session with the MATLAB® solutions that were shared in 

Blackboard.  

 In addition, Si et al. (2014) utilized an online environment to explore the efficacy of 

adaptation instructions based on two designs. These designs were bimodal process-oriented 

worked examples and unimodal process-oriented worked examples. Both of these designs were 

based on worked examples. The subject matter covered was the C programming language, and 

the primary topics covered were algorithm design in terms of task completion, if statements, and 

compound if statements (Si et al., 2014). Results showed that the adaptive instruction technique 

and the bimodal process-oriented WEs effectively managed cognitive load, resulting in schema 

creation and successful and efficient automation (Si et al., 2014).   

While Boldbaatar and Endurur (2019) explored the influence of worked examples in 
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providing guidance for creating 3D games using a block-based programming environment. In 

this experiment learners were encouraged to create programmed 3D games via StarLogo TNG-a 

game-making tool- and following a series of guiding worked examples in solving problems. The 

integration of worked examples, completion examples, and full practice had a positive impact on 

learners by enhancing their computational thinking skills (Boldbaatar & Endurur, 2019).   

In addition, Davidovic et al. (2003) used Stanford University’s OpenEdX platform to 

facilitate learning experiences and provided programming instruction, including worked 

examples and other supplemental learning resources. The outcomes of the study showed that it 

was evident that learners benefitted from being provided an opportunity to demonstrate their 

programming knowledge in a variety of different supported methods (Davidovic et al., 2003).  

Moreover, Hsu et al. (2012) presented a learning environment with two different screens 

so that numerous learning items could be displayed at the same time. The purpose of this 

research is to compare the cognitive demands placed on learners within interacting with single- 

and dual-screen learning environments in terms of how well they are able to retain information 

(Hsu et al., 2012). Results showed that utilizing worked examples was shown to have a 

considerable influence on decreasing the cognitive load experienced by learners in learning 

programming via interactive environments (Hsu et al., 2012). 

Medium: Web pages 

To promote computational thinking skills, Nainan and Balakrishnan (2019) designed 

worked examples via “web technology (HTML5, CSS3 and JavaScript)” (p.33). The interactive 

web page contained four sections of problems and worked examples. The websites utilized 

highlighting as a way to change the background color of different portions of the information 

"whenever the user moves the mouse over a subproblem in the analysis section" (Nainan & 
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Balakrishnan, 2019, p.34).  

In addition, in Abdul-Rahman and Du Boulay (2014) study, researchers applied two 

formats when developing worked examples: a completion strategy and a structure-emphasizing 

strategy. They used the CORT interface that consists of two sections; left and the right. The right 

section has the worked examples as a structure-emphasizing strategy, and the left section has 

lines of missing code algorithms to be completed.  

Supportive tools: learning Applications 

The study conducted by Margulieux et al. (2016) is another example of the effective 

involvement of worked examples to promote computational thinking skills. In this study, the 

researchers employed a subgoal design of worked examples to enhance programming skills in 

the process of creating apps via App Inventor. The findings demonstrated that the subgoal 

intervention might be beneficial in an advanced field like programming, in an interactive context 

like an online environment, and for K-12 teachers (Margulieux et al., 2016). 

In parallel to the previous study, Margulieux and Catrambone (2021) investigated 

whether or not subgoal labels followed by self-explanation of worked examples could be used to 

support early problem-solving in order to increase performance when addressing newer 

problems. The researchers used Android App Inventor- a drop-and-drag programming language 

that can be utilized to create applications (apps) for Android devices. 

Supportive tools: Tutorials  

Lee and Hong (2017) designed interactive worked examples as tutorials following 

multimedia learning principles in association with applying self-explanation principles to 

enhance learner’s programming skills. While in Cevahir et al. (2022) study, researchers 

examined the impact of using animation-based worked examples (ARAWEs) tutorials designed 
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with Augmented Reality (AR) technology as opposed to employing "traditional paper worked 

examples (TWEs)" (p.226) on "academic achievement, motivation, and attitude" in a 

programming course (p.226). Similarly, Chang et al. (2000) developed a programming tutorial 

system to offer worked examples based on the completion technique in order to improve 

computational thinking skills.  

Supportive tools: specific designed tools  

PCEX was developed by Hosseini et al. (2020), and it is a tool that has been specifically 

built to teach Python programming through the use of both interactive and non-interactive 

learning material, as well as worked examples. The findings of this study pointed to the 

beneficial effects of interactive worked examples on the levels of engagement, problem-solving 

skills, and overall learning that learners experience. While Garner (2007) used a code 

restructuring tool, CORT - a support system - based on worked examples to enhance coding and 

problem-solving skills in a programming context. The results showed a positive impact of using 

CORT as a support system to enhance learners’ programming skills.  

On the other hand, Jennings and Muldner (2021) designed and investigated the effect of 

using a Code Tracing (CT)-Tutor, a tool that combined providing coding instruction and tracing 

the learning process simultaneously. Three levels of scaffolding based on worked examples were 

provided in this study, low, intermediate, and high level of assistance (Jennings & Muldner, 

2021). The findings showed that learners spent less time reading the worked examples that CT-

tutor provided than their programming performance time (Jennings & Muldner, 2021). 

Therefore, the study suggested that future intervention should encourage the learners to be more 

active with what they learn from the worked examples, like indicating self-explanation (Jennings 

& Muldner, 2021).  
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Due to meet the necessity of keeping learners engaged in the programming process, 

Toukiloglou and Xinogalos (2022) created a series of programming games, and they indicated 

worked examples in textual form to offer the required assistance. The findings demonstrated that 

the integration of worked examples and games had a substantial influence on the performance of 

novice programmers (Toukiloglou & Xinogalos, 2022).  

Techniques 

In addition to the medium of delivering the worked examples, and the supportive tools; 

the IR analyzed several studies discussing techniques integrated with worked examples. These 

approaches have been proved to be successful in the adoption of worked examples, and some of 

them have been described in the answers to questions 1, 2 and 3. The researcher classified the 

techniques themes into: application (the way of applying and implementing the WEs, visual 

design (integrating visuals with WEs), and worked example design (developing WEs in certain 

forms). 

Techniques: application. The IR analyzed one study (n=1) that discussed the application 

of Jonassen’s (1997) instructional design model for well-structured problems. Uysal (2014) 

followed an instructional design model that is specially focused on designing instruction in well-

structured problems. In this investigation, seven steps have been implemented and it included 

presenting worked examples in the fourth steps, and it followed by practice to enhance the 

learning process (Uysal, 2014). The findings of following this approach resulted in a positive 

impact on the academic performance in addition to a significant problem solving differences 

between the two groups of the quasi-experiment (Uysal, 2014). It is essential to point out that the 

methodology utilized in this investigation was based on Jonasssen's (1997) model for the 

delivery of programming instruction. This procedure included the presentation of worked 
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examples as a component of the assistance provided for participants in the process of learning 

programming (Uysal, 2014). The instructional design model of well-structured problems is 

associated with offering instruction only in the context of well-structured problems (Jonasssen, 

1997). 

Techniques: visual design. The IR analyzed several studies that discussed the impact of 

integrating visuals either diagrams, images, or animations with worked examples in promoting 

computational thinking skills. Several studies have already been examined in response to 

questions 1, 2 and 3, addressing the possible designs of worked examples, the nature of these 

studies' relationship with instructional design principles, and the factors that determine the 

effectiveness of worked examples. For instance, using images and animations in the process of 

presenting worked examples had a strong effect on decreasing the cognitive load associated with 

learning how to solve programming problems effectively (Cevahir et al., 2022; Chang et al., 

2011; Hsu et al., 2012; Hosseini et al., 2020; Vieira et al., 2018). In addition, presenting visual 

designs with worked examples had a positive influence on the attitude toward learning 

programming courses as well as high motivation, and improved problem-solving skills (Cevahir 

et al., 2022; Chang et al., 2011; Hsu et al., 2012; Hosseini et al., 2020; Vieira et al., 2018). In 

addition to animations, the employment of flowcharts has been shown to improve learners' 

abilities to design and construct effective algorithms for the goal of solving programming 

problems (Vieira., 2015). 

Techniques: worked example design. Various studies examined numerous designs of 

worked examples that demonstrated their efficacy in parallel to some designs that were 

addressed before while answering the first question. For instance, several design formats have 
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been employed to present effective worked examples including subgoals, fading, sequences of 

WEs, and completion WEs.  

The subgoal design of worked examples implies demonstrating the phases (as subgoals) 

of addressing the solution of a particular problem (Abdul-Rahman & Du Boulay, 2014; 

Berssanette & de Francisco, 2021; Nainan & Balakrishnan, 2019). According to the literature, 

subgoal design has been shown to be useful in offering instruction and improving learning 

outcomes, particularly in computer-based contexts (Catrambone, 1995; Margulieux et al., 2016). 

The current IR analyzed several studies where subgoal design of worked examples were 

experienced to promote computational thinking skills and enhance the programming 

performance (Bunch, 2009; Chang et al., 2000; Davidovic & Trichina, 2003; Margulieux & 

Catrambone, 2021; Moreno, 2009).  

Moreover, the IR analyzed another classification of effective techniques where studies 

discussed the impact of employing the design of subgoal worked examples on learning 

programming. Renkl et al. (2004) stated that: 

In order to facilitate the transition from learning from worked examples in earlier stages 

of skill acquisition to problem solving in later stages, it is effective to successively fade 

out worked solution steps – in comparison to the traditional method (p.59). 

 

Additionally, the design of faded worked examples has many advantages, for instance, 

the purpose of the faded worked example is to assist learners in remembering what they have 

learned in earlier stages so that they may apply it to complete a task (Garner, 2007; Margulieux 

et al., 2020; Si et al., 2014). Likewise, the probability of making fewer mistakes is one of the 

many benefits of fading (Boldbaatar & Şendurur, 2019). 
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Sequencing worked examples and presenting them in pair forms is another effective 

method to present worked examples. The current IR analyzed two sequencing sets that have been 

utilized in designing several quantities of worked examples, 1) worked examples with multiple 

scenarios, and 2) complete-partial worked examples. Studies showed that presenting varied 

amounts of examples could have a positive impact on developing problem solving skills as well 

as improving programming performance (Abdul-Rahman & Du Boulay, 2014; Bunch, 2009; 

Nainan & Balakrishnan, 2019; Si et al., 2014). Furthermore, it is a common practice in 

programming environments to provide a sequence of worked examples to enhance learners' 

computational thinking skills (Bunch, 2009; Nainan & Balakrishnan, 2019; Si et al., 2014).  

Overall, designing worked examples in these formats resulted in a positive impact in 

learning programming, enhancing computational thinking skills, and reducing the cognitive load. 

The following table (Table 7) provides an overview of these studies and their 

applications.  
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Table 7 

Examples of effective techniques integrated with worked examples. 

The technique Theme  The study Description  Programming area/ 
computational 
thinking skills 

Programming 
language  

The effect 

Jonassen’s 
(1997) 
Instructional 
Design Model 
for Well-
Structured 
Problems. 

Application  (Uysal, 2014). Researcher 
followed Jonassen’s 
(1997) IDT model 
for well-structured 
programming 
instruction. 
Embedding worked 
examples to 
enhance the 
programming skills 
in C programming 
course. 

-algorithm design. -C programming  Positive effect on the 
learner’s performance in 
the treatment group. 

Animation with 
worked 
examples 

Visual 
design 

(Cevahir et al., 
2022; Chang et 
al., 2011; Hsu et 
al., 2012; 
Hosseini et al., 
2020; Vieira et 
al., 2018). 

Researchers 
integrated 
animations’ 
elements within the 
construction of 
worked examples. 

-Programming skills 
-algorithm design. 
-abstract 
computational 
thinking skill. 

-C/C++ advanced 
programming  
-Fundamental 
programming 
course. 
-Python. 

-Positive effect on the 
learner’s performance in 
the treatment group. 
-Fewer intrinsic and 
extraneous cognitive loads. 
-Positive attitudes towards 
programming. 
-High motivation. 
-Increased learners’ 
engagement. 
-Increased problem-solving 
skills. 
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Visuals and 
flowchart 

Visual 
design 

(Vieira., 2015). Researchers used a 
mix of worked 
examples of coding 
solutions in 
association with a 
flowchart of an 
algorithm design. 

-algorithm design. -C programming -Significant impact on 
novice programmers’ 
performance. 

Multiple 
formats of WEs 
(subgoals, 
fading, 
sequences of 
WEs, 
completion 
WEs) 

WEs design (Abdul-Rahman 
& Du Boulay, 
2014; Berssanette 
& de Francisco,  
2021; Boldbaatar 
& Şendurur, 
2019; Bunch, 
2009;  Chang et 
al., 2000, 
Davidovic & 
Trichina, 2003; 
Garner, 2007; Si 
et al., 2014; 
Nainan & 
Balakrishnan, 
2019; Margulieux 
et al., 2020; 
Margulieux & 
Catrambone, 
2021; Moreno, 
2009) 

Researchers had 
several designs of 
worked examples 
that proved their 
effectiveness in 
providing 
programming 
instruction and 
enhancing 
computational 
thinking skills. 
Like, process-
oriented worked 
examples, 
sequencing several 
forms of problem 
scenarios, 
completion WEs, 
subgoal WEs, 
fading. 

-algorithm design. 
-data collection. 
-data analysis. 
-Evaluation skill. 
-abstract skill. 
-decomposition.  

-Fundamental 
programming 
course. 
-C programming 
-introductory 
database. 
-BASIC 
Language 
-Drag-and-drop 
languages  
 

-Positive effect on the 
learner’s performance in 
the treatment group. 
-Fewer intrinsic and 
extraneous cognitive loads. 
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Summary of research question #4.  

Based on the IR, around 78% of the collected studies provided several successful 

examples of employing worked examples to promote computational thinking skills. The 

researcher classified the examples into several categories including: 1) medium, 2) supportive 

tools, and 3) techniques. Medium concentrates on the delivery system where the worked 

examples are presented, and it includes subcategories as online learning environments and web 

pages. While the supportive tools concentrate on the utilized tools that presented or provided 

additional support with the worked examples, and it includes subcategories as learning 

applications, tutorials, and specific designed tools. In addition, the Techniques concentrate on 

strategies that have been integrated with worked examples to promote the computational thinking 

skills, and it includes subcategories as faded worked examples, subgoal design of worked 

examples, and sequencing of worked examples as completed and partial.  

The context where those studies applied was varied including several courses like, C 

programming, C++ advanced, Fundamentals of programming course, BASIC language, 

introductory to database, Python programming. In addition to the variations of the courses, 

several skills were promoted like algorithm design, data collection, data analysis, abstract, 

decomposition skill. Beside improving learner’s programming performance, reducing the 

intrinsic and extrinsic cognitive load was one major impact of utilizing worked examples in 

programming settings (Abdul-Rahman & Du Boulay, 2014; Nainan & Balakrishnan, 2019; 

Margulieux et al., 2020; Margulieux & Catrambone, 2021). 
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Summary of chapter four  

The current IR seeks information regarding the effective design of worked examples in 

programming settings, the most suitable instructional design principle to employ in the design, 

factors and circumstances that may have an influence on the effectiveness of the design, and to 

find experiences of emptying worked examples in programming settings. This IR aims to provide 

information that may assist instructional designers and educators to provide the appropriate 

design of worked examples to enhance learner’s computational thinking skills.  

The IR reviewed 42 articles drawn from a variety of sources and employed a variety of 

research approaches. The findings demonstrated that the majority of the gathered data, which 

accounted for around 72% of the total, discussed the various forms and styles of worked 

examples. Animated worked examples, process-oriented worked examples, sequenced worked 

examples, subgoal design, tutorials as worked examples, fading worked examples, and in-game 

worked examples are all included in the design and formats. 

While 50% of the collected studies discussed the most appropriate instructional design 

principles to design effective worked examples in well-structured programming problems. The 

instructional design principles vary in their nature and include multimedia learning principles, 

fading effect, completion effect, split-attention effect, and self-explanation effect. 

In regard to the factors and circumstances that may influence the design of worked 

examples, the IR analyzed 69% of the studies that have discussed those aspects. Accordingly, 

surface features, several forms of WEs, the use of multiple modalities, interaction with WEs, 

learners' learning style and background, teaching style, and the subject nature are all comprised 

to be important factors that influenced the effectiveness of worked examples.  
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The last research questions revealed information regarding the successful implementation 

of worked examples in enhancing computational thinking skills. 78% of the studies implemented 

worked examples in programming settings effectively with several applications including 

developing worked examples via online environments, delivering worked examples via web 

pages, integrating support systems by Apps, using tutorials, using visualizations, using 

innovative tools. In addition to the association with several techniques to design worked 

examples in effective forms, like following instructional design models, following visual design 

aspects, and designing several forms of worked examples. 

The researcher designed the following figure (Figure 7) to provide a comprehensive view 

of the fourth chapter discussion.  
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Figure 7 

An overview of the research questions discussions. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 126 

Chapter Five 

Discussion and Conclusion 

This chapter includes a discussion of the findings of the existing integrative literature 

review. This study was conducted with the intention of providing a comprehensive analysis of 

how worked examples may be effectively designed to enhance computational thinking skills 

within the context of a programming environment. The study followed the integrative literature 

review for this purpose. According to Russell (2005) integrative review has several advantages 

entail: 

● evaluating the strength of the scientific evidence, 

● identifying gaps in current research, 

● identifying the need for future research,  

● bridging between related areas of work, 

● identifying central issues in an area,  

● generating a research question,  

● identifying a theoretical or conceptual framework,  

● and exploring which research methods have been used successfully (p.1). 

 The rapid rise of technologies and scientific discoveries, alongside the amount of data 

created each day, has grown exponentially, revealing the need to focus more on how to 

accommodate our knowledge in this digital era (Israel-Fishelson & Hershkovitz, 2022). Besides, 

the ability to think computationally (CT) is now seen as crucial for success in today's modern 

world (Bocconi et al., 2016; DeSchryver & Yadav, 2015). As a result, worked examples are 

taken into consideration as one of the support techniques that may be utilized to develop 
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computational thinking skills within the context of programming (Falkner & Falkner, 2018, 

Jacob et al., 2020, Jocius et al., 2020).  

 All worked examples include a problem statement followed by the corresponding 

solution, often accompanied by detailed explanations of the processes to reach that conclusion 

(Renkl, 2011). Furthermore, worked examples are regarded as effective instructional strategies 

for “well-structured “subject areas (Renkl, 2012, p.1197). 

Accordingly, the current research by following integrative review aimed to finding 

answers to the following questions: 

1.     Based on the literature, how have worked examples (involving computational 

thinking skills) been designed? 

2.     What instructional design principles have been recognized in the literature and need 

to be considered when designing WEs to promote CT skills?  

3.     What factors or circumstances might have an impact on the development of WEs for 

well-structured programming problems?  

4.     What are some examples of effective WEs for well-structured programming problems 

that have been identified in the literature? 

Teaching students how to code is one of the most difficult aspects of computer science 

education (Mangaroska et al., 2021). As a consequence, the development of a support system 

that guides learners in developing and improving their computational thinking skills is essential 

(Seneviratne, 2017). From instructional design perspective, a worked example is one strategy 

that may assist learners in gaining skills in well-structured domains as a programming domain 

(Moore et al., 2020).  



 

 128 

Furthermore, to ensure that worked examples are utilized well as a supportive technique, 

we have to examine how to develop them appropriately (Nainan & Balakrishnan, 2019).  

Therefore, this study aimed to provide a comprehensive overview of how to design 

effective worked examples to promote computational thinking skill in well-structured 

programming problems. The purpose of this study also includes, providing information about the 

appropriate instructional design principles to follow when designing worked examples in 

programming context. In addition, it discussed the factors that may influence the effectiveness of 

worked examples when prompting computational thinking skills. It also referred to the literature 

with successful examples of the application of worked examples in enhancing computational 

thinking skills.      

Discussion of Findings 

 The findings of the integrative literature analysis conducted for the current study revealed 

a total of 42 previous investigations conducted in various countries and utilizing several research 

methodologies. The majority of the studies were conducted in the USA, while Quasi-experiments 

were the most employed research methodology. Studies were also conducted in the UK, Turkey, 

Taiwan, China, Netherlands, South Korea, Greece, Canada, Australia, Malaysia, Brazil, and 

Saudi Arabia. Besides quasi-experiments, mixed methods, systematic reviews, and literature 

review discussions were parts of the employed methodologies. 

According to the findings, several programming languages and courses were studied as a 

part of the interventions to promote computational thinking skills, including Windows 

programming, C programming language, introduction to programming languages, StarLogo 

Blocks, JavaScript, MATLAB, Python, Snap!, thermodynamics course, and Blockly. 
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The first research question is “Based on the literature, how have worked examples 

(involving computational thinking skills) been designed?”. This research question aims to 

discover methods for creating worked examples in a programming context that are distinct from 

those used in other disciplines and require simply paper and a pen. Even though programming 

necessitated interaction with computer devices, the research advocated exploring suitable designs 

that could be used in digital contexts. The IR showed several designs of worked examples that 

are employed to promote computational thinking skills in programming context. The designs 

include animated worked examples, process-oriented worked examples, 

sequenced worked examples, subgoal design, tutorial as worked examples, faded worked 

examples and in-game worked examples. 

 Each design incorporates certain elements or features, such as animated worked 

examples that are constructed with the use of animations (Cevahir et al., 2022; Chang et al., 

2011; Hsu et al., 2012). In this design, worked examples with animated components demonstrate 

and visualize how the algorithm is developed (Hosseini et al., 2020). Process-oriented is another 

unique design of worked examples, and it has been found with one study. The research showed 

that worked examples in this design consist of a series or several examples followed by 

additional explanations of the process (Si et al., 2014). While sequence worked examples consist 

of providing several numbers of worked examples. According to the literature, it is suggested to 

present this design form of worked examples in disciplines such as computer science to increase 

programming skills more effectively (Nainan & Balakrishnan, 2019; Si et al., 2014). 

 As part of sequencing worked examples, research offered another design that based on 

providing sub-problems of the problematic task. The IR found that subgoals were widely 

employed to improve computational thinking skills (Berssanette & de Francisco, 2021; 
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Margulieux et al., 2020). Also, worked examples as tutorials appeared frequently as an example 

of designing worked examples. It has been noticed that several studies utilized “video modeling” 

- either live video or recorded video- as a way to demonstrate the coding process technique and 

considered this technique as providing an example of the programmed solution (Kale et al., 

2018; Grover, 2017).  

Moreover, a fading worked example was another design that has been found in the 

literature. At the beginning of applying this design, learners receive a completed worked 

example solution that is gradually fading to encourage learners to think about the solution 

(Moreno et al., 2009). Also, the research found another feature that helps significantly in block-

based programming environments in merging the gaming environment with offering guidance of 

worked examples (Toukiloglou & Xinogalos, 2022).  

Yet, it has been discovered that developing worked examples and implementing them 

through a programming environment necessitates paying close attention to how they are 

designed. As a result, the researchers suggest that numerous instructional design principles be 

addressed while constructing worked examples. For instance, the IR found that studies with the 

application of animated worked examples recommended more considerations of instructional 

message design principles (Cevahir et al., 2022, Chang et al., 2011).  

Besides, indicating the use of visuals or animations required paying attention to the 

design of those visuals in addition to considering the effective design of worked examples as part 

of the instructional strategy. Following process-oriented design is particularly required 

considering message design principles and the modality effect (Si et al., 2014). Research also 

found recommendations associated with providing additional assistance while presenting worked 

examples, like indicating the use of hints and clues (Abdul-Rahman and Du Boulay, 2014; 
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Chang et al, 2000; Garner,2007). Furthermore, the studies focused on enhancing the algorithm 

design and the ability to complete the code successfully with the presence of worked examples.  

In addition, the first research question and its recommendations served as an efficient 

guide for investigating the second research question, which was linked to the instructional design 

principles.  

The second research question is “What instructional design principles have been 

recognized in the literature and need to be considered when designing WEs to promote CT 

skills?”. The second research question seeks information on the most common instructional 

design principles used to create worked examples in programming environments. The research 

looked into the techniques and how each study adopted each instructional design principle. 

Several instructional design principles that have been followed in developing worked examples 

to promote computational thinking. Principles include completion, fading, process, presentation, 

media, timing, self-explanation (Shen & Tsa, 2009), in addition to split-attention. 

It has been observed that the majority of designed worked examples adhere to self-

explanation principles. In programming context, the suitable application of following self-

explanation principles is to indicate the code-comment feature where some programming context 

allowed for this adoption (Vieira et al., 2019). However, for this implementation other studies 

incorporate designing a space for adding comments and explanations in their programming 

environments (Nainan & Balakrishnan, 2019).  

Multimedia learning principles are another important principle to be followed in 

designing worked examples, specifically in programming context. The research discussed 

temporal contiguity, modality, spatial, coherence, redundancy, image, personalization principles 

(Hsu et al., 2012; Lee & Hong, 2017; Si et al.., 2014). Integrating animations, visuals or tutorials 
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required paying attention to the multimedia learning principles in addition to split-attention 

principles. The idea of split-attention concentrates on the manner in which several items are 

constructed as well as the relationships between them. The research found that the nature of the 

studies that followed split-attention in their design, relied on the adoption of several instructional 

methods in providing instruction. Specifically, when comparing the effectiveness of worked 

examples with visuals/animations or tutorial and traditional worked examples with words only 

(Berssanette & de Francisco, 2021; Chang et al., 2011; Vieira et al., 2015).  

In addition, fading is associated with the same technique of faded worked examples 

considered as a significant design principle. According to the research findings, there are two 

distinct forms of fading: forward fading and backward fading. Both of these methods have been 

proven to be beneficial in terms of improving computational thinking skills (Boldbaatar & 

endurur, 2019; Vieira et al., 2021). It has been shown that the success of developing worked 

examples in improving learning outcomes may be influenced by the degree of programmed 

problem complexity.  

Additionally, completion principle which is focusing on how to design uncompleted or 

completed parts of the worked examples and enabling the learner to interact with the instruction 

and complete the missing parts.  

The research showed a variety of instructional design principles within worked examples 

to promote computational thinking skills with different applications. Most of the studies 

associated the instructional design principles with similar design format categories. For instance, 

fading design principle with faded worked examples, and visualized worked examples with 

multimedia learning principles. This consideration enhanced the importance of instructional 

design as a theoretical foundation to develop several forms of worked examples.  
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The third research question is “What factors or circumstances might have an impact on 

the development of WEs for well-structured programming problems?”. The purpose of this 

research question was to explore a range of factors or circumstances that have the potential to 

impact the efficacy of worked examples within a programming setting. The IR showed a specific 

category of factors that influenced the effectiveness of worked examples including a) intra-

example features, b) inter-example features, and c) environmental aspects (Atkinson & Renkl, 

2007; Atkinson et al., 2000). According to the findings, the impact of intra-example features is 

associated with the integration of input data with diagrams or aural content, labeling problems, 

subgoals, and fading solution phases (Atkinson et al., 2000). It was seen with the adoption of 

using multiple forms of worked examples representations, like visuals, flowcharts, descriptions, 

simulations, tutorials, and several forms of the problems (Bunch, 2009; Chang et al., 2011; Hsu 

et al., 2012; Lee & Hong, 2017; Si et al., 2014; Vieira et al., 2015).  

While the impact of inter-example features is associated with the relations between 

various examples and problems’ solutions (Atkinson et al., 2000). It was seen through the 

implementation of employing multiple designs at once. For instance, using multiple visual slides, 

complete/incomplete, subgoals worked examples (Hsu et al., 2012). The third category is 

associated with situational features that may influence the design worked examples, such as pre-

training, social interaction, self-explanation. (Atkinson et al. 2000).  

In addition, the research encountered several additional circumstances that were 

anticipated to have an impact on the creation of worked examples. Prior knowledge of the 

learner, preferences of the learner's learning style, and preferences of the learner's programming 

language are regarded to be essential aspects and design circumstances that are impacting the 

efficacy of worked examples. 
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The last research question is “What are some examples of effective WEs for well-

structured programming problems that have been identified in the literature?”. The purpose of 

this research question is to learn more about examples of the valuable utilization of worked 

examples in fostering computational thinking skills. The IR classified the findings into several 

categories, including successful examples of using medium, supportive tools, techniques. 

The medium elements for delivering worked examples of programming instruction vary 

between online learning environments (Moodle, Blackboard, 3D game environment), webpages 

(Boldbaatar & Endurur, 2019; Si et al., 2014; Vieira et al., 2021; Wang & Hwang, 2017).  

The supportive tools include App inventor, COde Restructuring Tool (CORT), and 

tutorials (Abdul-Rahman and Du Boulay, 2014; Cevahir et al., 2022; Garner, 2007; Lee and 

Hong, 2017; Margulieux & Catrambone, 2021; Margulieux et al.; 2016; Nainan & Balakrishnan, 

2019). 

The techniques contain the application of various themes like following the application of 

IDT model Jonassen’s (1997) Instructional Design Model for Well-Structured Problems, in 

designing a full environment to provide programming instructions with indicating worked 

examples online (Uysal, 2014). In addition, the adoption of integrating worked examples with 

visual design that include using animations and visuals with worked examples (Cevahir et al., 

2022; Chang et al., 2011; Hsu et al., 2012; Hosseini et al., 2020; Vieira et al., 2018).  

Besides, worked examples designs include presenting multiple formats of worked 

examples as subgoals, faded, several sequences of worked examples, and completion worked 

examples (Abdul-Rahman & Du Boulay, 2014; Berssanette & de Francisco, 2021; Boldbaatar & 

Şendurur, 2019; Bunch, 2009; Chang et al., 2000, Davidovic & Trichina, 2003; Garner, 2007; Si 
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et al., 2014; Nainan & Balakrishnan, 2019; Margulieux et al., 2020; Margulieux & Catrambone, 

2021; Moreno, 2009).  

The study highlighted the numerous consequences of constructing worked examples and 

their beneficial effects on the learning process. It also revealed that the efficient use of worked 

examples resulted in a considerable reduction in intrinsic and extrinsic cognitive load. The study 

also aimed to illustrate the practical consequences by including screenshots of several 

experiences, demonstrating the wide range of valuable applications and designs.  

Furthermore, the answer to the fourth research question provides a comprehensive wrap-

up of all the results of the previous questions. This wrap-up begins with the design of worked 

examples, proceeds with the discussion of important factors and instructional design principles, 

and concludes with referring to a significant application of either a particular experiment or a 

combination of successful designs. 

Implications of the Study  

 The findings of this research may be significant to computer science instructors and 

instructional designers who are interested in fostering computational thinking skills and 

improving programming skills among their students. In light of the nature of the environment in 

which programming occurs, it is vital to consider how learners might be supported and guided 

while they are interacting with the instruction that has been written digitally. Providing the focus 

of how to develop worked examples for programming purpose, may benefit not only the 

instructors and their learners but also instructional designers.   

In terms of designing effective worked examples, the study discussed several designs and 

applications of worked examples in programming context. The study includes several examples 

of worked examples designing forms that have empirical proof of its effectiveness. As an 
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outcome, CS instructors and instructional designers may be encouraged to create and build other 

designs in addition to those presented in this study, or to investigate the efficacy of other 

alternative designs. In addition, the findings of the study can provide instructors and instructional 

designers with information on the appropriate design features and context to enable proper 

utilization of these worked examples.  

Furthermore, following instructional design principles played a significant role in 

creating effective learning experiences. From an instructional design perspective, adhering to the 

theoretical components of design is extremely necessary to ensure that the learning goals will be 

accomplished. The study discussed several instructional design principles that have been 

employed to design worked examples for programming purposes. That may benefit instructional 

designers and instructors while they create the desired materials, and it may also motivate them 

to improve their knowledge via the application of other possible principles.  

In order to build effective worked examples, it is necessary to follow the principles of 

instructional design, which require designers to take into account the significance of the aspects 

and conditions that may influence their creation. According to the findings of the study, there are 

a number of factors and conditions that have an impact on the design. Whether such factors are 

connected to the surface design of the worked examples, the relationship among several 

examples, or other contextual aspects such as learner knowledge, the designer must identify them 

to achieve the intended design. 

This study could be relevant for instructional designers and instructors who are ready to 

adopt the successful application of worked examples in programming context. Specifically with 

observing the multiple successful examples of implementing those worked examples to promote 

computational thinking skills. The study identified numerous prior experiences with a wide 
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variety of methods for the efficient adoption of worked examples in programming contexts. 

These findings may encourage instructors and instructional designers to either continue utilizing 

the same strategies or come up with new interventions. 

Limitations of the Study 

 Even though the present integrative literature review involves a comprehensive 

examination of designing worked examples in well-structured programming problems to 

promote computational thinking skills, it has several limitations. First, some innovative and 

effective interventions were published as conference papers, which exceeded the data collection's 

inclusion criteria, resulting in a limitation in the diversity of interventions.  

Second, although multiple databases were utilized to gather the data, certain publications 

have a separate subscription with the academic institutions. As a consequence, the search for 

individual articles and the verification of whether or not they match the inclusion requirements 

required extra time and effort. 

 Third, due to the fact that the full text was accessible, a certain minimum number of the 

articles needed to have a particular request made through the library loan system. This, once 

again, required extra time and effort in order to incorporate those articles into the data collection. 

 Fourth, the present integrative literature review primarily focuses on the programming 

domain. Rather than focusing on the programming domain, several studies and interventions 

have investigated the process of developing worked examples in computerized settings. 

Examining some of these studies with the aim of future intervention might be beneficial to the 

design idea in general. 
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Recommendations for Future Research  

 To enhance computational thinking skills and to meet the demands of the modern era, 

educators should pay attention to how to provide the appropriate guidance and assistance to 

ensure reaching the desired learning outcomes.  

 The findings of this integrative literature review can be used to guide the adoption of 

several interventions in the future, including the exploration of various programming languages 

and diverse contexts. Additionally, a variety of other instructional design principles may be 

investigated with reference to how effectively they are applied in the worked examples design.  

 Moreover, instructional designers and instructors are able to research the prerequisites for 

such interventions and investigate the efficacy of merging several designing forms into a single 

model design. Also, automated worked examples are becoming increasingly popular. Therefore, 

it is essential for programming domains to investigate technological tools for designing and 

implementing worked examples in digital environments. As well as it is necessary for any future 

study interested in the adoption of computerized worked examples.  
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Appendix B 

Summary of Research Question No.1 

 

Name of the article Themes of the study 
 (Q1 focused on WEs design) 

notes about the 
theme design Study methodology 

A Comparison of Single- and Dual-Screen 
Environment in Programming Language: Cognitive 
Loads and Learning Effects 

1-WEs design 
 2-IDT principles, 

animated WEs Quasi-experiment  
(quantitative) 

Adaptive Instruction to Learner Expertise with 
Bimodal Process-oriented Worked-out Examples 

1-WEs design,  
2-IDT principles,  
3-factors(environment), 
4-successful example 

process-oriented Quasi-experiment 
 (quantitative) 

An Approach to Reducing Cognitive Load in the 
Teaching of Introductory Database Concepts 

1-WEs design sequencing WEs  
(Multiple scenarios 
of WEs) 

Quasi-experiment 
(quantitative) 

An Exploration of How a Technology-Facilitated 
Part-Complete Solution Method Supports the 
Learning of Computer Programming 

1-WEs design, . 
2-successful example 

sequencing WEs 
(part-complete) Quasi-experiment 

(quantitative) 

Learning programming via worked-examples: 
Relation of learning styles to cognitive load. 

1-WEs design,  
2-factors (environment). 
3-successful example 

-sequencing WEs 
(part-complete) Quasi-experiment 

(quantitative) 

A Programming Learning System for Beginners— 
A Completion Strategy Approach 

1-WEs design, 
2-successful example 

-sequencing WEs 
(part-complete ) Quasi-experiment 

(quantitative) 
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The Effect of Animation-Based Worked Examples 
Supported with Augmented Reality on the Academic 
Achievement, Attitude and Motivation of Students 
towards Learning Programming 

1-WEs design, 
2-successful example 

-animated wes 
Quasi-experiment 

(quantitative) 

Improving Engagement in Program Construction 
Examples for Learning Python Programming 

1-WEs design,  
2-IDT principles . 

-animated wes Mixed methods, quasi-
experiment (quantitative) 

Cognitive Learning Strategies in an Introductory 
Computer Programming Course 

1-WEs design -sequencing 
scenarios 
(repeating the same 
problems) 

Mixed methods, quasi-
experiment (quantitative) 

Cognitive Load Theory in the Context of Teaching 
and Learning Computer Programming: A Systematic 
Literature Review 

1-WEs design, 
 2-IDT principles 

-subgoal Systematic review 

Computational What? Relating Computational 
Thinking to Teaching 

1-WEs design -tutorial instruction 
as WEs 

literature review 

Design and Evaluation of Worked Examples for 
Teaching and Learning Introductory Programming at 
Tertiary Level 

1-WEs design,  
2-IDT principles,  
3-factors (environment). 
4-successful example 

-sequencing WEs Quasi-experiment 
(quantitative) 

Developing Educational 3D Games with StarLogo: 
The Role of Backwards Fading in the Transfer of 
Programming Experience 

1-WEs design,  
2-IDT principles,  
3-factors (environment), 4-successful 
example 

-fading Quasi-experiment 
(quantitative) 

Employing subgoals in computer programming 
education. 

1-WEs design, 
2-IDT principles,  

-subgoal Quasi-experiment 
(quantitative) 
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3-successful example 

Examining the Effects of Two Computer 
Programming Learning Strategies: Self-Explanation 
versus Reading Questions and Answers 

1-WEs design,  
2-IDT principles,  
3-successful example 

-tutorial instruction 
as WES 

Quasi-experiment 
(quantitative) 

Example-Based Learning in Heuristic Domains: A 
Cognitive Load Theory  

1-WEs design,  
2-successful example 

-tutorial instruction 
as WES 

literature review 

Improving Problem Solving with Subgoal Labels in 
Expository Text and Worked Examples 

1-WEs design,  
2-IDT principles,  

-subgoal 
Quasi-experiment 

(quantitative) 

Infusing Computational Thinking into STEM 
Teaching: From Professional Development to 
Classroom Practice 

1-WEs design, (only) -tutorial instruction 
as WEs 

Quasi-experiment 
(quantitative) 

Ingame Worked Examples Support as an Alternative 
to Textual Instructions in Serious Games About 
Programming 

1-WEs design, (only) -integrated with 
games 

Quasi-experiment 
(quantitative) 

Integrating Computational Science Tools into a 
Thermodynamics Course 

1-WEs design, (only) -animated wes Quasi-experiment 
(quantitative) 



 

 201 

Learning effectiveness and cognitive loads in 
instructional materials of programming language on 
single and dual screens. 

1-WEs design,  
2-IDT principles,  
3-factors (environment) 

-animated wes Quasi-experiment 
(quantitative) 

Optimizing Worked-Example Instruction in Electrical 
Engineering: The Role of Fading and Feedback 
during Problem-Solving Practice 

1-WEs design, -fading Quasi-experiment 
(quantitative) 

Process-Oriented Worked Examples: Improving 
Transfer Performance Through Enhanced 
Understanding 

1-WEs design,  
2-IDT principles 

-process-oriented literature review 

Reducing Withdrawal and Failure Rates in 
Introductory Programming with Subgoal Labeled 
Worked Examples 

1-WEs design,  -subgoal Quasi-experiment 
(quantitative) 

Scaffolding Problem Solving with Learners' Own Self 
Explanations of Subgoals 

1-WEs design,  
2-IDT principles,  
3-successful example 

-subgoal Quasi-experiment 
(quantitative) 

The curious case of loops 1-WEs design,  -subgoal Quasi-experiment 
(quantitative) 

Varying Effects of Subgoal Labeled Expository Text 
in Programming, Chemistry, and Statistics 

1-WEs design,  -subgoal Quasi-experiment 
(quantitative) 
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When Does Scaffolding Provide Too Much 
Assistance? A Code-Tracing Tutor Investigation 

1-WEs design,  -tutorial instruction 
as WES Quasi-experiment 

(quantitative) 

Davidovic, A., Warren, J., Trichina, E. (2003). 
Learning benefits of structural example-based 
adaptive tutoring systems 

1-WEs design,  
2-successful example 

-multiple worked 
examples, -
complete-partial 

Quasi-experiment 
(quantitative) 

Assessing algorithmic and computational thinking in 
K-12: Lessons from a middle school classroom 

1-WEs design, , -tutorial instruction 
as WES 

Quasi-experiment 
(quantitative) 

Exploring Design Characteristics of Worked 
Examples to Support Programming and Algorithm 
Design 

1-WEs design,  
2-IDT principles,  
3-factors (environment). 
4-successful example 

-fading Mixed method 
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Appendix C 

Summary of Research Question No.2 

 

Name of the article Themes of the study 
 (Q2 focused on IDT principles) 

notes about the 
theme design Study methodology 

A Comparison of Single- and Dual-Screen 
Environment in Programming Language: Cognitive 
Loads and Learning Effects 

1-WEs design, 2-IDT principles, - multimedia,  
- split attention 

Quasi-experiment 
(quantitative) 

Adaptive Instruction to Learner Expertise with 
Bimodal Process-oriented Worked-out Examples 

1-WEs design,  
2-IDT principles, 3-factors 
(environment). 
4-successful example 

- multimedia Quasi-experiment 
(quantitative) 

Cognitive Load Theory in the Context of Teaching 
and Learning Computer Programming: A Systematic 
Literature Review 

1-WEs design,  
2-IDT principles 

- completion, 
- self-explanation ,  
- split attention 

Systematic review 

Improving Engagement in Program Construction 
Examples for Learning Python Programming 

1-WEs design,  
2-IDT principles . 

- self explanation Mixed methods - 
Quasi-experiment 

(quantitative) 
Design and Evaluation of Worked Examples for 
Teaching and Learning Introductory Programming at 
Tertiary Level 

1-WEs design,  
2-IDT principles, 3-factors 
(environment). 
4-successful example 

- self explanation Quasi-experiment 
(quantitative) 

Design Principles of Worked Examples: A Review of 
the Empirical Studies 

1-IDT principles 8 principles in general literature review 
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Developing Educational 3D Games with StarLogo: 
The Role of Backwards Fading in the Transfer of 
Programming Experience 

1-WEs design,  
2-IDT principles, 3-factors 
(environment). 
4-successful example 

- fading principle Quasi-experiment 
(quantitative) 

Employing subgoals in computer programming 
education. 

1-WEs design,  
2-IDT principles, 
3-successful example 

- self explanation Quasi-experiment 
(quantitative) 

Examining the Effects of Two Computer 
Programming Learning Strategies: Self-Explanation 
versus Reading Questions and Answers 

1-WEs design,  
2-IDT principles, 
3-successful example 

- multimedia Quasi-experiment 
(quantitative) 

Improving Problem Solving with Subgoal Labels in 
Expository Text and Worked Examples 

1-WEs design,  
2-IDT principles . 

- self explanation Quasi-experiment 
(quantitative) 

Interactive Example-Based Learning Environments: 
Using Interactive Elements to Encourage Effective 
Processing of Worked Examples 

1-IDT principles, 2-factors 
(environment) 

- self explanation literature review 

Learning effectiveness and cognitive loads in 
instructional materials of programming language on 
single and dual screens. 

1-WEs design,  
2-IDT principles, 3-factors 
(environment) 

- multimedia, 
- split-attention 

Quasi-experiment 
(quantitative) 

Learning from Examples: Instructional Principles 
from the Worked Examples Research 

1-IDT principles, Design features  literature review 

Process-Oriented Worked Examples: Improving 
Transfer Performance Through Enhanced 
Understanding 

1-WEs design,  
2-IDT principles 

- process - completion literature review 
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Providing Students with Agency to Self-Scaffold in a 
Computational Science and Engineering Course 

1-IDT principles, 2-successful 
example 

- self explanation Mixed method 

Scaffolding Problem Solving with Learners' Own Self 
Explanations of Subgoals 

1-WEs design,  
2-IDT principles, 3-successful 
example 

- self explanation Quasi-experiment 
(quantitative) 

Student Explanations in the Context of Computational 
Science and Engineering Education 

1-IDT principles, 2-factors 
(environment) 

- self explanation  Quasi-experiment 
(quantitative) 

The Effect of Employing Self-Explanation Strategy 
with Worked Examples on Acquiring Computer 
Programing Skills 

1-IDT principles - self explanation  Quasi-experiment 
(quantitative) 

Writing In-Code Comments to Self-Explain in 
Computational Science and Engineering Education 

1-IDT principles - self explanation Quasi-experiment 
(quantitative) 

Exploring Design Characteristics of Worked 
Examples to Support Programming and Algorithm 
Design 

1-WEs design,  
2-IDT principles, 3-factors 
(environment). 
4-successful example 

- self explanation, 
- split attention - intra 
inter 

Mixed method 
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Appendix D 

Summary of Research Question No.3 

Name of article other themes notes of theme design 

Adaptive Instruction to Learner Expertise 
with Bimodal Process-oriented Worked-
out Examples 

1-WEs design,  
2-IDT principles, 
3-factors (environment). 
4-successful example 

time of the instruction 

Design and Evaluation of Worked 
Examples for Teaching and Learning 
Introductory Programming at Tertiary 
Level 

1-WEs design,  
2-IDT principles,  
3-factors (environment). 
4-successful example 

student 
engagement/active 

Developing Educational 3D Games with 
StarLogo: The Role of Backwards Fading 
in the Transfer of Programming 
Experience 

1-WEs design,  
2-IDT principles,  
3-factors (environment). 
4-successful example 

students background and 
language familiarity 

Improving First Computer Programming 
Experiences: The Case of Adapting a 
Web-Supported and Well-Structured 
Problem-Solving Method to a Traditional 
Course. 

1-factors (environment). 
2-successful example 

students background and 
language familiarity 

Interactive Example-Based Learning 
Environments: Using Interactive Elements 
to Encourage Effective Processing of 
Worked Examples 

1-IDT principles,  
2-factors (environment) 

student 
engagement/active 

Learning effectiveness and cognitive loads 
in instructional materials of programming 
language on single and dual screens. 

1-WEs design,  
2-IDT principles,  
3-factors (environment) 

student 
engagement/active 

Student Explanations in the Context of 
Computational Science and Engineering 
Education 

1-IDT principles 
2-factors (environment) 

student 
engagement/active 
(communication) 

Learning programming via worked-
examples: Relation of learning styles to 
cognitive load. 

1-WEs design,  
2-factors (environment). 
3-successful example 

student engagement/ 
active (learning style) 

Exploring Design Characteristics of 
Worked Examples to Support 
Programming and Algorithm Design 

1-WEs design,  
2-IDT principles,  
3-factors (environment), 4-
successful example 

Features  
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Appendix E 

Summary of Research Question No.4 

Name of article other themes notes of theme design 

A problem posing-based practicing strategy 
for facilitating students' computer 
programming skills in the team-based 
learning mode 

1-successful example  
(it is only support using 
examples with suggesting 
guidance and collaborative 
to support learners) 

- online environment via 
Moodle 

Adaptive Instruction to Learner Expertise 
with Bimodal Process-oriented Worked-out 
Examples 

1-WEs design,  
2-IDT principles,  
3-factors (environment). 
4-successful example 

- online learning 
environment  

Design and Evaluation of Worked Examples 
for Teaching and Learning Introductory 
Programming at Tertiary Level 

1-WEs design,  
2-IDT principles, 
3-factors (environment), 
4-successful example 

- Design WE by using a 
web page 

Developing Educational 3D Games with 
StarLogo: The Role of Backwards Fading in 
the Transfer of Programming Experience 

1-WEs design, 
2-IDT principles, 
3-factors (environment), 
4-successful example 

- Using 3D environment 
within block based 
programming 

Employing subgoals in computer 
programming education. 

1-WEs design, 
2-IDT principles, 
3-successful example 

- app inventors  

Examining the Effects of Two Computer 
Programming Learning Strategies: Self-
Explanation versus Reading Questions and 
Answers 

1-WEs design, 
2-IDT principles, 3-
successful example 

- Tutorial (abstract) 

Improving First Computer Programming 
Experiences: The Case of Adapting a Web-
Supported and Well-Structured Problem-
Solving Method to a Traditional Course. 

1-factors (environment), 
2-successful example 

- Following Jonassen 
model with the WEs 

Providing Students with Agency to Self-
Scaffold in a Computational Science and 
Engineering Course 

1-IDT principles, 2-
successful example 

- environment, 
-  an experiment for 
studying MATLAB  

Scaffolding Problem Solving with Learners' 
Own Self Explanations of Subgoals 

1-WEs design, 
2-IDT principles, 
3-successful example 

- Scaffolding technique 
with app inventor  
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An Exploration of How a Technology-
Facilitated Part-Complete Solution Method 
Supports the Learning of Computer 
Programming 

1-WEs design, 2-
successful example 

- Specific tool  

Learning programming via worked-
examples: Relation of learning styles to 
cognitive load. 

1-WEs design, 
2-factors (environment), 
3-successful example 

- interface of web page 

The Effect of Animation-Based Worked 
Examples Supported with Augmented 
Reality on the Academic Achievement, 
Attitude and Motivation of Students towards 
Learning Programming 

1-WEs design, 
2-successful example 

- Tutorial and using AR  

Exploring Design Characteristics of Worked 
Examples to Support Programming and 
Algorithm Design 

1-WEs design, 
2-IDT principles, 
3-factors (environment), 
4-successful example 

- Examples with visuals 
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Appendix F 

Evaluation Phase 

 

Name of the article Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Overall 
appraisal 

Notes 

Learning programming via 
worked-examples: Relation 
of learning styles to 
cognitive load. 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course. 

The Effect of Employing 
Self-Explanation Strategy 
with Worked Examples on 
Acquiring Computer 
Programing Skills 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the IDT principles for 
the algorithm design with WEs in intro 
to programming course. 

Developing Educational 3D 
Games with StarLogo: The 
Role of Backwards Fading in 
the Transfer of Programming 
Experience 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding design WEs, the IDT 
principles, factors and has a successful 
example with StarLogoBlocks. 

An Approach to Reducing 
Cognitive Load in the 
Teaching of Introductory 
Database Concepts 

yes yes yes yes yes yes yes yes yes include  The study includes information regarding 
WEs design for data analysis and data 
collection. 

The Effect of Animation-
Based Worked Examples 
Supported with Augmented 
Reality on the Academic 
Achievement, Attitude and 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course with and example. 
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Motivation of Students 
towards Learning 
Programming 

A Programming Learning 
System for Beginners— 
A Completion Strategy 
Approach 

yes no no no yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course with an example. 

A Comparison of Single- 
and Dual-Screen 
Environment in 
Programming Language: 
Cognitive Loads and 
Learning Effects 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding design WEs, the IDT 
principles for algorithm design with WEs 
in intro to programming. 

Learning benefits of 
structural example-based 
adaptive tutoring systems 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in JavaScript course. 

An Exploration of How a 
Technology-Facilitated Part-
Complete Solution Method 
Supports the Learning of 
Computer Programming 

yes no no no yes yes yes yes yes include  The study includes all the information 
needed regarding the evaluation skill 
with WEs in intro to programming 
course with an example. 

Assessing algorithmic and 
computational thinking in K-
12: Lessons from a middle 
school classroom 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the design of WEs in 
an intro to programming course to 
enhance all 4 computational thinking 
skills.  

Improving Engagement in 
Program Construction 
Examples for Learning 
Python Programming 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in Python course with 
providing an example. 

Learning effectiveness and 
cognitive loads in 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
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instrumental materials of 
programming language on 
single and dual screens.  

with WEs and factors that affect the 
designing an intro to programming 
course while providing an example. 

When Does Scaffolding 
Provide Too Much 
Assistance? A Code-Tracing 
Tutor Investigation 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in Python course. 

Infusing Computational 
Thinking into STEM 
Teaching. 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in Snap! programming course 
to promote pattern recognition, 
abstraction, algorithm design, 
decomposition.  

Examining the Effects of 
Two Computer 
Programming Learning 
Strategies: Self-Explanation 
versus Reading Questions 
and Answers 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs ,factors , IDT principles that 
affect designing JavaScript courses while 
providing an example. 

Cognitive Learning 
Strategies in an Introductory 
Computer Programming 
Course 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course. 

Scaffolding Problem Solving 
with Learners' Own Self 
Explanations of Subgoals 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs and IDT principles in the 
Maker app course with providing an 
example. 

Improving Problem Solving 
with Subgoal Labels in 
Expository Text and Worked 
Examples 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs and IDT principles in intro to 
programming course. 
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Employing subgoals in 
computer programming 
education. 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs and IDT principles in intro to 
programming course with providing an 
example. 

Varying Effects of Subgoal 
Labeled Expository Text in 
Programming, Chemistry, 
and Statistics 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course. 

Reducing Withdrawal and 
Failure Rates in Introductory 
Programming with Subgoal 
Labeled Worked Examples 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course. 

Optimizing Worked-
Example Instruction in 
Electrical Engineering: The 
Role of Fading and 
Feedback during Problem-
Solving Practice 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course. 

The curious case of loops yes yes no no yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in intro to programming 
course. 

Design and Evaluation of 
Worked Examples for 
Teaching and Learning 
Introductory Programming at 
Tertiary Level 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs, factors affecting the design, 
and IDT principles in intro to 
programming course with providing an 
example. 

Teaching tip: Adaptive 
Instruction to Learner 
Expertise with Bimodal 
Process-oriented Worked-out 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs, factors affecting the design, 
and IDT principles in C programming 
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Examples course with providing an example. 

Ingame Worked Examples 
Support as an Alternative to 
Textual Instructions in 
Serious Games About 
Programming 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the algorithm design 
with WEs in the Blockly programming 
environment. 

Improving First Computer 
ProgrammingExperiences: 
The Case of Adapting a 
Web-Supported and Well-
Structured Problem-Solving 
Method to a Traditional 
Course. 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding factors that are 
affecting the algorithm design in the 
intro to programming course.  

Writing In-Code Comments 
to Self-Explain in 
Computational Science and 
Engineering Education 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding IDT principles that are 
used with the algorithm design in the 
MATLAB  course.  

Integrating Computational 
Science Tools into a 
Thermodynamics Course 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding the design of 
algorithmic modeling in thermodynamics 
courses. 

Student Explanations in the 
Context of Computational 
Science and Engineering 
Education 

yes yes yes yes yes yes yes yes yes include  The study includes all the information 
needed regarding IDT principles and the 
factors that affect the design  of 
algorithms with enhancing 
decomposition skill in the MATLAB 
course. 

A problem posing-based 
practicing strategy for 
facilitating students' 
computer programming 
skills in the team-based 
learning mode 

yes yes yes yes yes yes yes yes yes include  The study provides an example in 
designing algorithms with WEs in C 
programming course. 
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Name of the article The purpose 
of the 
theory 

assumption/ 
statement 

structure usefulness gene
raliz
ation 

Testability  

Interactive Example-Based Learning Environments: Using 
Interactive Elements to Encourage Effective Processing of 
Worked Examples 

yes yes yes yes yes yes 

Learning from Examples: Instructional Principles from the 
Worked Examples Research 

yes yes yes yes yes yes 

Computational What? Relating Computational Thinking to 
Teaching 

yes yes yes yes yes It provides several 
examples about how 

to apply it in 
different fields 

Example-Based Learning in Heuristic Domains: A Cognitive 
Load Theory  

yes yes yes yes yes yes 

Design Principles of Worked Examples: A Review of the 
Empirical Studies 

yes yes yes yes yes yes 

Example-Based Learning: Integrating Cognitive and Social-
Cognitive Research Perspectives 

yes yes yes yes yes yes 

Process-Oriented Worked Examples: Improving Transfer 
Performance Through Enhanced Understanding 

yes yes yes yes yes yes 
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Name of the article Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Overall 
appraisal 

Cognitive Load Theory in the Context of 
Teaching and Learning Computer 
Programming: A Systematic Literature 
Review 

yes yes yes yes yes yes yes yes yes yes yes Included 

A Systematic Literature Review of 
Automated Feedback Generation for 
Programming Exercises 

yes yes yes yes yes yes yes yes yes yes yes included 
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Name of the article Q1 Q2 Q3 Q4 Q5 Notes 

Providing Students with Agency to Self-
Scaffold in a Computational Science and 
Engineering Course 

yes yes yes yes yes a design based 
research DBR 
with the focus 
on qualitative 

design 

Exploring Design Characteristics of 
Worked Examples to Support 
Programming and Algorithm Design 

yes yes yes yes yes - 
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Appendix G 

PRISMA flow diagram of the collected data 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRISMA flow diagram (adapted from Page et al. (2021) 


