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The purpose of the study is to compile concepts related to 

computational thinking skills in the context of computer programming 

subject. The research design used is data theorization (grounded 

theory) with open coding and axial coding data analysis techniques. 

Three types of data collection protocols are used: interview protocols, 

observation protocols, and recording protocols. The characteristics 

informants used are students who have experience learning computer 

programming in the vocational high school. The research produced 

several concepts, namely the problem concept, which then gave rise to 

the computational thinking skills concept. The problem concept 

consists of three sub-concepts: the common problem sub-concept, the 

medium problem sub-concept, and the high problem sub-concept. The 

concept of computational thinking skills is a set of skills required in 

the problem-solving process in computer programming. 

Computational thinking is not just a thought process but an expression 

of skills that others can observe. In the computer programming subject 

context, two concepts influence the process of mastering 

computational thinking skills: the guidance strategies concept and the 

information sources concept. The concept of success becomes a 

mediator in developing computational thinking skills. The theory 

produced in this study can be used as a basis for conducting research 

with quantitative designs related to deductive proof of the theory. 
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INTRODUCTION 

Computational thinking (CT) has been the most researched research topic in the last decade [1]. 

CT is highly recommended to integrate into the instructional process because it can improve the ability 

of students to cultivate creativity. CT is also recommended to be taught as early as possible to students 

[2] through the school system because it is believed that students can solve various problems effectively 

and efficiently using a computational approach [3]. The variety of instructional treatments actualized by 

teachers and researchers in various subjects to improve students’ CT skills is wide [1]. This diversity is 

triggered because the point of view or paradigm related to the concept of CT has much variety, so the 

praxis based on these concepts will result in a different instructional operationalization. The diversity of 

instructional treatments for CT debriefing is also due to the different characteristics of the subject [4].  

Currently, there are five subjects when viewed from the scientific literacy point of view, namely 

science, technology, engineering, art, and math [5]. The current trend’s five subjects are combined or 

integrated into one (transdisciplinary) and termed STEAM [6]. Integration in STEAM aims to equip 

students related to scientific literacy and creative aspects. Scientific literacy and creative aspects are 

believed to be the primary abilities of the 21st century that must be provided to students through the 

school system. Scientific literacy and creative aspects can guide the student to solve problems that are 

volatility, unpredictable (uncertainty), not simple (complexity), and ambiguous (VUCA) in times of 
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information explosion (information overload, global data shock, or infobesity) [3], [5], [7]–[9]. The 

position of CT theory in STEAM is as an order of thinking in problem-solving and developing reasoning. 

The postulates put forward by researchers and experts related to CT as a theory are too abstract, 

so it cannot be considered a standard method that can be directly contextualized into curricular situations 

in a specific subject. The curricular classification for the sciences, technology, engineering, art, and 

mathematics, independently and integrated, has different characteristics and cannot use only one point 

of view of CT theory. Some theorists position CT as the epistemological locus of the computer science 

subject to understand how computational concepts work through instructions given to computer science 

problems (CT as a subject) devices [10]. Some theorists position CT as a methodology choosing 

alternatives to high-level thinking (reasoning) in order to solve any problem outside the computer 

science subject (non-computer science problem, CT as a method/ general-purpose thinking tool) [11]. 

Learning computer programming can condition students to get used to thinking in sequence or 

algorithmic thinking [12]. Computer programming is a commonly used means of familiarizing and 

visualizing the CT process as a method of reasoning for students [1], [13]–[15]. Computer programming 

is a tool for generating computational artefacts that have an essential role in helping students conclude 

abstract reasoning experiences. Computational artefacts make it possible to fuse CT into subjects other 

than computer science (non-computer science problems). The fusion of CT with other computer science 

subjects has become easier because computer programming can be taught by two methods, namely 

unplugged (without computer devices) or on the computer (by using a computer) [16].  

In the current Society 5.0 era, individuals are not only required to prioritize reasoning skills in 

solving problems but are also required to have the ability to work together between individuals or 

between platforms in order to achieve joint stability in the future (collaborative society) through 

collaboration-based activities supported by information technology, such as co-construction or co-

learning activities [17]–[19]. The ability to collaborate has now become an international educational 

issue where UNESCO has determined collaboration competency to be one of the critical competencies 

to achieving Sustainable Development Goals (SDGs) by 2030 [20]. The Government of the Republic of 

Indonesia has also directed that the facilities and infrastructure provided by educational institutions can 

support collaborative learning. The ability to work together should be familiarized through an 

instructional system teachers deliberately design in the school system (collaborative learning, co-

learning) [21]. Collaborative learning is an instructional method that allows students to work together 

to explore a problem or create a project [22], [23]. The goal of collaborative learning is that students can 

find a more contextual and rich learning experience through many points of view while integrating new 

information with old information that has been stored in long-term memories rather than finding 

individual learning experiences . This objective is a postulate of social learning theory. The construction 

of cognition or acquisition of knowledge content by the individual needs to be supported by self-

encouragement and the individual’s interaction with his environment to reinforce the contextualization 

of the knowledge gained in the community/ society [24], [25]. 

The various study results that researchers and experts have presented can be used as an indication 

that the diversity of instructional actualization integrating CT through computer programming will 

continue to occur, and this is a result of the variety of substances of CT theory used by teachers as 

designers of instructional systems. The theories that experts have reviewed can enrich CT 

epistemology’s characteristics, but they cannot necessarily be suitable for practice in all situations of the 

learning environment. Segregation of forms of knowledge taught, variety of online or offline modalities, 

and variety of collaboration within instructional systems have never been specifically discussed 

regarding the implementation of CT theory, so this will potentially be the basis for the development of 

CT theory with a new context. Thus, this study aims to theorize the experience data of 

informants/respondents related to computer programming learning activities that have occurred in the 

context of online learning modes, collaborative learning strategies and uses procedural forms of 

knowledge. These contexts can still expand or narrow depending on the study’s success in unearthing 

the data the first time (first cycle). 

Table 1 shows that the research designs used to examine CT are diverse: systematic literature 

review, item development and analysis, experimental design, and basic interpretative study. No 

researcher has yet used the grounded theory method to develop a new paradigm related to CT theory. 

The results of research from Tikva & Tambouris [15] have not yet entirely created a theory with a new 

paradigm related to CT, although at first glance, it looks like it is making a new model or theory. Tikva 

& Tambouris [15] only reassembled existing theories based on the iterator studies they conducted on 
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some research results so that the resulting theory is not a new theory But only adjustments or 

rearrangements to make it more straightforward. The basis of CT theory used by researchers in Table 

2.1 is diversity, namely looking at CT as a set of ways or strategies of thinking consisting of 

decomposition, abstraction, algorithm design, debugging, iteration, and generalization. If CT is viewed 

as a set of ways of thinking, then contextualizing it across fields will be difficult. For example, training 

CT in students through computer programming and mathematics subjects will be easier than training 

CT through subjects such as language or art. The difficulty is because the elements in CT are defined 

initially based on how computers or computing tools work, so it is effortless to contextualize them in 

the eyes of computationally based programming, mathematics, or other lessons. However, if people 

want to apply CT in non-compute subjects, then CT theory derived from the computational paradigm 

must be studied first or even be compiled paradigm new so that training CT skills students are easier to 

operationalize in the school system. All the research in Table 1 also does not highlight specific scopes 

such as how to teach CT skills in online learning, how CT develops in collaborative learning, or whether 

there needs to be a policy that computer programming is required to be taught to all areas of science as 

general-thinking tools, or a combination of these three things. 

Table 1. Related Works 

Researchers Result Research Design Data Sources 

Luo, et al. [26] The integration of CT into the  field of  

mathematics can improve students’ problem-

solving skills 

Basic interpretative 

study 

22 elementary students  

Kutay & Oner 

[27] 

 CT  capabilities can be developed through 

games 

Experimental design 20 elementary students  

Kim, et al. [28] Development  of   CT-based ICT  literacy 

assessment  instruments 

Item development 

and analysis 

23,000  elementary and 

middle school students 

Tikva & 

Tambouris [15] 

Conceptual model  of CT Systematic literature 

review 

101 results of research 

on CT 

Lai [29] Development  of  competency-based CT  

capability assessment instruments 

Item development 

and analysis 

119  high school 

students 

Shute, et al. [1] Variety of definitions, teaching, assessment, 

and CT models   

Systematic literature 

review 

70 research results  on 

CT 

Flórez, et al. 

[13] 

 CT  capabilities can be developed through 

computer programming 

Systematic literature 

review 

92 results of research 

on CT 

METHODS 

The main findings expected from the research are in the form of theoretical formulations that 

contain labeling of concepts and relationships between concepts based on qualitative data obtained from 

informants or resource persons and field notes. The theory that will be produced in the study is different 

from the usual description/narrative, where the labeling in the description is only an overview of the 

theme without containing concepts (properties and dimensions) and makes no effort to detect 

interrelationships between themes. The material object theorized in this study is temporarily termed 

computational thinking (CT) concept with computer programming subject context. The term for the 

material object and the concepts are temporary because they will be readjusted to the properties and 

dimensions of the concept found during the analysis process data takes place. Research has a formal 

object in the form of an inductive approach with qualitative design and a data theorizing method 

(grounded theory). The primary reference used for the operationalization of research is the procedure of 

Corbin & Strauss [30].  

The research location was carried out in three State Vocational High Schools with Computer 

Engineering and Informatics Expertise. The three schools are SMKN 3 Malang, SMKN 12 Malang, and 

SMKN 3 Batu. The three vocational schools are in Malang City, East Java, Indonesia. The selection of 

research locations in the three vocational schools is because the school allows the production of data 

under the characteristics of research-based research problems and material objects that have been 

determined in research. There are several considerations for choosing informants as data sources, 

namely teachers who teach computer programming subjects and students who have or are currently 
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following subjects in computer programming. The selection of the school’s location and the informant’s 

characteristics was the initial initiation to collecting data in the first cycle. The data collection results in 

the first cycle will likely affect updating the characteristics and number of research locations and 

informants in the following data collection cycle. 

This study uses three data collection protocols: interview protocols, observation protocols, and 

recording protocols. The protocol samples are presented in Figure 1. The interviewer will use the 

interview protocol as a semi-structured guide when communicating orally with the informant. Observers 

will use the observation protocol to identify what phenomena will enrich the drafting of concepts or 

categories related to the material object under study. The research team will use the recording protocol 

to standardize each qualitative analysis result so that the history of adding or subtracting data can be 

rediscovered when analyzing data. In the first data collection cycle, the content of the interview protocol 

and observation protocol is determined based on the theoretical sensitivity related to the concept of 

computational thinking and its initial contexts, such as the computer programming subject. The 

interview protocol contains a list of questions, while the observation protocol contains a list of what 

things need to be observed in the form of a list matching the open field. The recording protocol is 

determined based on the reference from Corbin & Strauss [30], where the reference is used as the basic 

format of the document for code records, theoretical notes, operational records, diagrams, and 

conditional matrices.  

         

Figure 1. Data Collection Protocol Sample (left: interview protocol, right: logging protocol) 

The research team used code notes to record the history of labeling, propitiation, and 

dimensionalization of a concept or category based on the narrative of qualitative data obtained from 

interviews and observations. The content of the code record is the record code; date of record creation; 

title/ reference code to interview/observation narratives; the title of the note (in the form of a label); 

excerpts of interview/observation narratives; and narratives resulting from the extraction of information 

by the research team (consisting of properties, dimensions, as well as symptoms/ dynamics of the 

continuum that can be used as material for drafting hypotheses). The research team used theoretical 

notes to re-narrate the results of the code notes but based on the researchers’ theoretical sensitivity and 

critical thinking. The content of the theoretical record is the code of the note; date of record creation; 

title/ code reference to code notes; the title of the note (in the form of a label); the narrative of the results 

of reflection on the code record (consisting of properties, dimensions, and symptoms/ dynamics of the 

continuum based on the knowledge of the researcher). The theoretical record is directed to subsequent 

analytical actions, such as retrieving data on the next cycle to validate the theoretical records’ narrative 

through new cases that will be found next. An operational record reviews the theoretical record of the 
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following required action. The content of the theoretical record is the code of the note; date of record 

creation; title/ code reference to code and theoretical notes; the title of the note (in the form of a label); 

narratives related to what should be done at a later stage (for example: what kind of informants are 

needed, what questions will be asked to the informant, linkages such as what you want to ascertain the 

related tassels, concept/category labels, properties, dimensions, and dynamics of the continuum). The 

research team used diagrams to visualize the processes and flow obtained based on the history of code, 

theoretical, and operational records. Visualization of diagrams, with no standardization, can be used as 

a benchmark, meaning that it can adjust like anything in shape as long as it can simplify the meaning of 

the process and the flow of interaction between visual concepts/categories that may get more complex 

as the notes grow. There is no standardization of conditional matrices that can be used as a benchmark, 

meaning that they can adjust as they look as long as they can be used to visualize space scope, 

boundaries, or context, as well as the interconnectedness between concepts/categories found.   

All data recorded by the research team were analyzed using the Text Statistic Analyzer Software. 

This application helps calculate words in a research note and makes it easier for the research team to 

create labels or concepts. The software display is presented in Figure 2. 

  
Figure 2. Text Statistic Analyzer Software 

RESULT AND DISCUSSION 

The Conceptualization Process 

Data were collected based on interview protocols, observation protocols, and recording protocols. 

The informants used were five students from each school. The informant’s characteristics have 

experience following the computer programming learning process. The process of conceptualizing 

computational thinking is divided into levels: level one, level two, and level three. Level one has a  

keyword occurrence criterion of more than 50. Level two has a keyword occurrence criterion between 

30 and 50. Level three has a  keyword occurrence criterion of less than 30. The words included at level 

one based on the results of the first session of the interview are “problem” (f=70; 70 times appeared in 

the interview text), “solution” (f=64), “algorithm” (f=63), “problem” (f=60), “programming” (f=60), 

“skill” (f=55), “automation” (f=51), “abstraction” (f=50), and “decomposition” (f =50). The words 

represent fundamental technical concepts related to computational thinking.  

The words included in level two based on the results of the first session of the interview are 

“communication” (f=48), “practice” (f= 47), “collaboration” (f=44), “confident” (f=42), “creative” 

(f=41), “repeating” (f=41 ), “meaningful” (f=37), “presentation” (f=37), “demo” (f=36), “case” (f=33), 

and “assignment” (f=30). These words represent the computational thinking development strategy 

concept in learning. The words included at level three based on the results of the first session of the 

interview are “media” (f=27), “system” (f=26), “simulation” (f= 24), “book”(f=19), “internet” (f=18), 

“infrastructure” (f=17), “material” (f=14), “puzzle” (f=1 4), “source” (f=14), “plan” (f=12), “create” 

(f=11), “flowchart” (f=9), “multimedia” (f=7), “robot” (f=6). These words represent the information 

source concept required in computational thinking development. The relationship between concepts is 

presented in Figure 3. The red arrows indicate the causal relationship between concepts. Each concept 

has sub-concepts. Figure 3 shows that the study found 5 concepts and 15 sub-concepts. The 
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Computational Thinking Skills Instructional Concept is the big concept name given by the research team 

that overshadows the interconnectedness of the five concepts. 

 

 

Figure 3. Computational Thinking Skills Instructional Concept Visualization 

The Computational Thinking Skills Concept 

The set of computational thinking concepts based on the results of the first session of the interview 

can be described as a set of essential skills involved in the problem-solving process, such as 

computationally formulating problems, processing data to solve problems, automating solutions with 

explicit algorithms, and generalizing and transferring problem-solving processes. Computational 

thinking is not just a thought process but a skill whose processes and outputs can be observed by others. 

The expression of the output encourages individuals to detect potential abstract problems, decompose 

the substance of the problem into simple, and design a solution that can be communicated to other 

people’s and repeatedly used to solve the same problem (automation). This process of communication 

then positions computer programming as one of the best visualization media to monitor how the process 

of development of computational thinking activity in individuals.  

 Computational thinking skills emerged as a  concept because there was a causal factor in the form 

of an urgent problem to determine its solution. A problem is any situation that occurs unexpectedly, 

aiming to prevent something from happening, something that must be resolved, or an unpleasant or 

unwanted condition that needs to be corrected. In the computer field context, the problem’s source must 

first be identified so that the resulting solution has the accuracy of use. Efforts to find the source of a 

problem and determine various alternative solutions to problems are often termed problem-solving 

efforts.   The problem as an object of solving the problem has a gradation of complexity: low (typical), 

medium, and high (severe).   A typical problem is described as a  problem caused by one cause, and the 

solution is only one. The medium problem is described as a  problem caused by more than one cause, 

and the solution can be more than one. Severe problems are described as problems caused by chain 

causes and chain solutions. A chain cause is that every identified cause causing a problem has several 

previous causes. A chain solution is that any proposed solution cannot directly solve the problem but 

must be followed by the next solutions in a link. 

The results of the analysis of the interview activities of the first session stated that problem-

solving skills are at the core of computational thinking skills and are essential to training students as 

early as possible.   This concept shows that computational thinking skills are contextualized as a material 

(lesson) that must be taught to students through a learning program or system. Computational thinking 

skills are necessary for problem-solving in computer programming and can also be used to support 

problem-solving in all subjects. Computational thinking skills can be taught across different subjects,  

for example, in Mathematics or Languages [31], [32]. Computational thinking skills can be taught to 

students by asking students: to break down complex problems into more minor problems 

(decomposition);  to recognize patterns (pattern recognition); to identify relevant details to solve 

problems (abstractions), or to establish rules or instructions to follow to achieve the desired result 

(algorithm design) according to the cases or problems context raised by the teachers. 

The Problem Concept 

[the low (typical), the medium, and the 

high (severe) problem sub-concept] 

The CT Skill Concept 

[the problem source recognition, the 

problem division,  the solution design, and  

the solution dissemination sub-concept] 

The Information Sources Concept 

[the search, and the information 

availability sub-concept] 

The Guidance Strategies Concept 

[the activity, and the reinforcement 

sub-concept] 

The Success Concept 

[the source of the problem, the supporting 

information, the prerequisite knowledge, 

and the creativity sub-concept] 
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The Guidance Strategy Concept 

The development of computational thinking through computer programming is a complex activity 

that requires students to have high-level thinking skills and involves the teacher’s creativity in presenting 

various problems (cases) with varying levels of difficulty for students to solve. The development of 

computational thinking through computer programming has problem-solving content and requires 

students to use logic to encourage the formation of computational thinking skills. Learning is prioritized 

so that students move or practice in various problem spaces presented by the teacher (inquiry) and 

problems found by students during the learning process (discovery), so that students can express the 

knowledge gained in the form of solution designs or prototypes. Variations in the difficulty level of the 

teacher’s problems will increase student motivation in learning. 

The development activity of computational thinking through computer programming indicates 

that students are facilitated to use logic. Students, as learning actors, must be able to diagnose and solve 

technical problems found during computer programming learning activities. Students’ ability to solve 

technical problems with abstract logic is called “knowledge worker” or “abstract reasoning”. Learning 

activities provide students with various case studies to elaborate on problems and make individual and 

collective decisions with other students. The goal of teacher measurement of student activity is not on 

the quantity of programming code produced but is focused on the quality of the algorithms compiled by 

students to solve problems. 

The principle of developing computational thinking through computer programming is the 

meaningfulness of knowledge in learning so that it can lead students to gain meaningful experiences in 

learning activities. Indicators of programming learning activities, that is, there are activities to develop 

skills of analysis, design, code writing, testing, recycling, and decision making. Learning activities that 

can be practised by teachers so that students get learning practice can be divided into preconception, 

demonstration, and consolidation activities. Preconception activities are activities in which the teacher 

is in charge of recognizing the initial understanding possessed by students. Demonstration activities are 

where teachers demonstrate various prototyping skills and concept prototypes. Students are tasked with 

adopting various skills demonstrated by the teacher and solving various problems encountered during 

the learning process. Consolidation activities are activities in which teachers strengthen students’ 

understanding by providing various tasks on computer programming. Analytical tasks and programming 

code development must be completed in teamwork. Teamwork can trigger students to get used to 

working in groups (collaboration), conveying or presenting thoughts in the form of solution designs to 

others, and openness in accepting a wide variety of potential solutions to the same problem. 

In the main activity of computer programming instruction, teachers can apply various learning 

methods. The concept of learning methods learning in the technology subject is the meaningfulness of 

knowledge in learning (meaningful knowledge that will be recognizable to students) so that it can lead 

students to gain meaningful experiences meaningful learning experience and develop higher-order 

thinking skills. The concept of meaningful learning can be obtained through the application of learning 

methods that can facilitate students to adopt the skills (imitating demonstrated skills) because: most of 

the knowledge in computer programming learning is procedural or practical knowledge; focusing on the 

formation of high order thinking skills in students because the application of knowledge gained from 

learning computer programming requires high reasoning skills; and focuses on building the working 

character of the software engineering field in students through student involvement in work teams and 

project management. These three criteria can be obtained from demonstration-based, discussion, and 

project-based learning methods. 

The development of computational thinking through computer programming does not mean that 

student activity is focused on writing a large amount of programming code and students’ proficiency in 

using software alone. The development process of computational thinking also needs to be supported 

by latent aspects such as confidence in identifying problems, motivation and perseverance in repeating 

and trying to solve problems,   tolerance for ambiguity, decision-making ability to solve open problems, 

the ability to communicate, the ability and work with others to achieve common goals or solutions, and 

relevant assignments. These latent aspects will become obstacles to internalizing computational thinking 

skills in the learning process if they are not properly facilitated. 

One way to focus students’ attention on learning computer programming is to form students into 

a group work environment and ask them to prepare for the technical needs of computer programming 

together. Working groups can strengthen students’ focus at the beginning of learning, improve 

communication skills, increase self-confidence, increase motivation and knowledge, and speed up the 
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assessment process [23]. Some limitations to focusing students’ attention in learning computer 

programming, namely the teacher guiding students to form a work team which is then used as a 

discussion environment in solving problems, the teacher guiding students to prepare simulators to 

simulate a process, the teacher guiding students through demonstration activities or simulating the 

process flow of an algorithm, and the teacher explains the learning objectives to be achieved after the 

learning process.  

Another way to arouse student motivation in the initial learning activities is to invite students to 

analyze a phenomenon related to the programming topic to be studied, provide cases of debugging 

computer programs, and display visualizations or animations on the programming topic to be studied. 

Activities that invite students to observe some real cases on the topic of programming can arouse student 

motivation to participate in learning. Activities to motivate students at the beginning of learning should 

invite students to analyze concrete things instead of talking about abstract things. Activating students’ 

prior knowledge is mandatory for teachers when teaching computer programming. Teachers can conduct 

an initial assessment to determine what students have mastered related to the subject matter to be taught 

through test and non-test methods. Teacher can conduct an initial test (pre-test) on the ability of students 

to understand the learning material before the core learning activities are carried out [33], [34]. Teacher 

can give some questions directly to the students to find out the interests that the students have [35].  

A good assignment is a task that can strengthen and hone students’ skills on an ongoing basis so 

that a match or familiarization is found with what the software engineering industry needs. The intended 

task is essential to developing the student’s abilities as a coder. The various tasks given by teachers to 

students must have elements of understanding, maintaining, refactoring, adaptation, and extension to 

programming codes.   Understanding means that the task aims to enable students to understand the 

structure of the programming code algorithm. The maintaining element means that the task aims to make 

students able to correct errors that occur in the program code. The refactoring element means that 

assignments aim to enable students to make decisions to use the most effective and efficient algorithms. 

The adaptation element means that the task has the goal that students can adapt a programming code to 

solve a problem or solution. The extension element means that the task aims for students to develop 

basic programming concepts to produce a completely new product. Assignments related to maintaining 

and extension elements must be completed in teamwork. 

The Information Sources Concept 

Teachers need a variety of relevant sources of information so that the process of internalizing 

computational thinking skills can be channeled to students in computer programming subject. 

Information that the teacher will use can be sourced from what already exists or self-created by the 

teacher. Whether existing or self-created, teachers still have to plan the infrastructure so that there is 

relevance to developing computational thinking skills. The sources of information in question are 

divided into two groups: the searched information and the provided information. The searched 

information is any sources of information that are deliberately searched and found and can be used by 

students to support the learning process so that students can deepen, try something new, or dig up much 

information according to the learning content. The requirement for the searched information is to have 

clear relevance to the learning content. There are two types of sources for the searched information: 

textbooks and the internet. Textbooks can be in the form of print media or electronic media. The internet 

is also one of the dynamic learning resources supported by the advancement of website technology 

developments. The internet is dynamized as a learning resource because it can support learning that 

activates students where students can freely extract information about what is being studied [36]–[38].  

 The provided information is any resource the teacher can deliberately prepare to facilitate the 

delivery of information to students. The information provided by the teacher is prioritized in the form 

of visual media because the substance of learning computational thinking skills involves identifying and 

solving problems. Visual media is an essential medium widely used in the learning process to form 

practical and theoretical knowledge [39]–[41]. Five forms of visual media can be used: handouts, visual 

aids, presentation slides with presentation software, software system, and hardware systems. Handouts 

contain vital elements that the teacher will deliver in textual form. Visual aids are a board or displays 

that can synchronize a flowchart. The presentation slide is a show of text, images, sounds, or a 

combination of them in a package called a slide. System software helps display or simulate steps by step 

a process interactively and can contain multimedia components. Hardware systems help display or 

simulate the step-by-step process physically or mechanically, such as robots or puzzles. 
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The Success Concept 

The concept of success intended in this study is a source of causes or obstacles that result in 

students having difficulty or making it easier to develop computational thinking skills. There are four 

sources of difficulty in developing computational thinking skills, namely (1) the vagueness of the 

process of identifying the source of the problem; (2) irrelevant supporting information; (3) insufficient 

prerequisite knowledge; (4) the lack of creativity in designing solutions. The vagueness of identifying 

the source of the problem occurs when the teacher releases a problem without being followed by clear 

boundaries. The vagueness can lead to a protracted, multi-interpretation, and sometimes deviating 

process of identifying the source of the problem [42], [43]. The form of the problem can be made 

deliberately by the teacher (inquiry), or students independently determine their problem (discovery). 

Whatever the form of initiation, teachers are still required to provide clear boundaries so students can 

detect whether the problem at hand is a low (typical), medium, or high (severe) problem. 

Irrelevant supporting information can result from learning resources or teaching materials that are 

irrelevant or do not support problem-solving in the development of computational thinking. Whether 

learning resources or teaching materials, it should be ascertained by the teacher whether the information 

in it can enlighten students or mislead the problem-solving process done by students. Too little and too 

much information will make solving the problem protracted and even out of context [42], [44], [45].  

Less prerequisite knowledge from students can trigger students to have difficulty in developing 

computational thinking skills. Teachers must ascertain whether students’ prerequisite knowledge can be 

used for problem-solving. The knowledge at least includes the identification of the problem and the 

design of the solution to be made. Problem-solving activities in the development of computational 

thinking skills are included in the higher-order thinking skills, and students should have sufficient 

conceptual and procedural knowledge.  

 Students’ lack of creativity can also potentially hinder the development of computational 

thinking skills. One of the hallmarks of computational thinking skills is the compilation of problem-

solving sequences that are then proposed into a model, design, or prototype to refer to in decision-

making. The contextualization of problems, in reality, differs from the problems presented in the 

learning program. That is, problems are dynamic, can change at any time, and no single solution is 

precisely the same from time to time. Thus, students cannot rely solely on previous experience to solve 

current and future problems, but they must have a boost of creativity to create new proposals, models, 

or solution designs [46]–[48]. 

CONCLUSION 

The research produced several concepts, namely the problem concept, which then gave rise to the 

computational thinking skills concept. The problem concept consists of three sub-concepts: the common 

problem sub-concept, the medium problem sub-concept, and the high problem sub-concept. The concept 

of computational thinking skills is a set of skills required in the problem-solving process in computer 

programming, which consists of a problem source recognition sub-concept, a problem division sub-

concept, a solution design sub-concept, and a solution dissemination sub-concept. Computational 

thinking is not just a thought process but an expression of skills that others can observe.  

In the computer programming subject context, two concepts influence the process of mastering 

computational thinking skills: the guidance strategies concept and the information sources concept. The 

guidance strategy concept consists of the activity sub-concept and the reinforcement sub-concept. The 

information sources concept consists of the search sub-concept and the information availability sub-

concept. The success concept becomes a mediator in developing computational thinking skills. The 

success concept consists of four sub-concepts: the source of the problem sub-concept, the supporting 

information sub-concept, the prerequisite knowledge sub-concept, and the creativity sub-concept.  

The Computational Thinking Skills  Instructional Concept produced in this study can be used as 

a basis for conducting research with quantitative designs related to deductive proof of the theory or 

hypothesis. For example, research can be conducted to test in experimental research design whether 

creativity affects the speed at which new solutions are created for various problems in computer 

programming. The results of this study are limited to the connection between concepts without finding 

the connection between the sub-concepts. Further research can also be carried out with grounded theory 

design using selective coding to find connections between sub-concepts. 
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