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Abstract

:

Robot programming skill classes are becoming more popular. Higher order thinking, on the other hand, is an important issue in developing the skills of 21st-century learners. Truth be told, those two abilities are consistent subjects that are trending in academics. The purpose of this study is to design the components and indicators of a robot programming skill assessment based on higher order thinking. The methodology is divided into two phases: (1) qualitative research: a review of the literature on the issues for the synthesis of components and indicators of the robot programming skill assessment based on higher order thinking; and (2) quantitative research: to test the validity of the robot programming skill assessment by the content validity index test (CVI) with seven experts and the reliability with Cronbach’s alpha statistic test with the questionnaire results from 50 participants. The results show that the synthesized robot programming skill assessment consists of three components with 16 indicators, all of which are accepted for their agreed content validity index assessment (CVI = 1.00), and the internal consistency calculation results for the reliability test are found to have an acceptable reliability (α = 0.747).
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1. Introduction


Robot programming courses continue to emerge [1]. In line with the OECD 2030 Future Skills Report, it has clearly shown that the job in robotics engineering is an important professional field [2]. On the other hand, higher order thinking (HOT) is also an important issue in developing 21st-century learners’ skills [3,4,5,6].



Robot systems typically consist of processing sensor data, perform recognition, and plan their operations using computer programs running on the processor [7,8,9]. Therefore, robot programming is entering a set of instructions that direct the robot to work by taking values from the inputs to generate the outputs [10,11,12,13,14,15]. Additionally, in the programming steps, there is a universally recognized procedure, which consists of: (1) Identifying the problem, (2) Goal setting, (3) Creating the solution, (4) Acting on the solution and (5) Returning to check the results [16,17,18,19,20,21]. The behaviors of the five processes mentioned above all occur because of higher order thinking in the brain [22,23,24,25].



The concept of higher thinking skills became an important educational topic in 1956 when Bloom et al. [26] published the taxonomy of educational objectives and referred to higher thinking skills as analysis, synthesis, and evaluation. Later, in 2001, Bloom’s taxonomy of educational objectives was revised by Anderson et al. [27]. They modified the six levels of Bloom’s cognitive domain [26], but continued to define higher order thinking as starting at the analytic thinking stage. The details are presented in Table 1.



What the researchers described about “robot programming” and “higher order thinking” was based on the research from various references. Suffice to say, those two skills were consistent. Therefore, in this research, we design the components and indicators of robot programming skills based on higher order thinking and experiment with those indicators as one piece of evidence for the instructor to apply or build on in measuring and evaluating learners’ skills arising from the learning activities.




2. Literature Review


In conducting this research, the researchers reviewed the literature to synthesize the components and indicators of the robot programming skill assessment based on higher order thinking. This aspect is divided into two parts: (1) robot programming and (2) higher order thinking. The details are as follows:



2.1. Robot Programming


The OECD [2] has released the 2030 Future of Education and Skills report. It outlines the robot engineer’s job, which requires important skills due to the demand of technology for the future. It also emerged from an analysis of the industrial robotics market that robot software will be used in robot operations to achieve the specific objectives through the computer program coding [28]. It will exponentially grow between 2019 and 2025 due to the adoption of the Internet of Things (IoTs), Artificial Intelligence (AI), and other software technologies [29]. Many educational institutions are now adopting robotic programming as a part of their efforts to enhance students’ higher order thinking skills, beginning with the MIT Media Lab under the supervision of Professor Seymour Papert since 1985 [30]. To date, the use of robot programming processes has often been used in STEM (science, technology, engineering and mathematics) learning management [31,32,33,34].



In the article, the researchers investigate the two words “Robot” and “Programming” to determine with clarity the meaning of robot programming skills. We studied the meanings of both words by examining the meanings in scholarly dictionaries. We found that the Oxford Dictionary of Computing defines the term “robot” as “programmable devices consisting of mechanical actuators and sensory organs that are linked to a computer” [35], whereas the Oxford Dictionary of Computer Science defines the term “programming” as “all technical activities involved in the production of a program, including analysis of requirements and all stages of design and implementation. In a much narrower sense, it is the coding and testing of a program from some given design” [36].



From the meanings of the two terms presented above, it can be concluded that robot programming skills refer to “All technical activities related to the production of programs through the coding and testing of the program from the given design to the control of programmable devices consisting of actuators and sensors linked to the computer” [35,36]. This definition is consistent with the programming process synthesized by Lertyosbordin [15] with other academic sources [35,36,37,38,39,40,41,42,43]. The detail of the programming process consists of the following steps:




	(1)

	
Identify the Problem: This refers to understanding the problem and determining the “Input”, “Process” and “Output” components that must be completed in order to solve the problem.




	(2)

	
Design a Solution: This refers to the process of ordering the sequence of algorithms using flowcharts or pseudocodes.




	(3)

	
Coding the Program: This is the way of transforming the commands and procedure sequence from the conceptual design into a programming language.




	(4)

	
Test the Program: This refers to the validation of the syntax of the computer code and the interpretation of the results for the goals of program execution. It also includes testing for hardware compatibility, covering the input and output sections.




	(5)

	
Program Implementation: This refers to the outcomes of the program. This should also be continued by further enhancements.









The researchers have defined the robot programming definition and synthesized the standard programming process [37,38,39,40,41,42,43]. We can then determine the components and indicators of the robot programming skill by applying the coding skills indicator of Surfing Scratcher [44], which was developed based on creating an educational measurement of Griffin [45], combined with the cognitive skills indicating verbs of Schraw and Robinson [46]. In addition, the researchers also analyzed the usage of verbs found in a variety of empirical studies [47,48,49,50,51,52,53] that evaluate cognitive skills in robot control programming tasks. The components and indications of the robot programming skill can then be synthesized as follows:




	(1)

	
Component 1: The ability to solve problems step by step:




	
Describe the problem and the sequence of ways to solve it.



	
Draw the flowcharts or pseudocodes to show the sequence of ways to solve the problems.



	
Change the sequence of steps if the results are not met.



	
Tackle the presented tasks by breaking them down into smaller tasks.



	
Capture the issues that can cause problems to repeat.









	(2)

	
Component 2: The ability to create computer programs:




	
Create a program by a computer language from a blank page.



	
Create a program with a single-decision condition.



	
Create a program with the nested structure of decision conditions.



	
Create a variable to control the loop task programs.



	
Create a variable and input data that affect the output.



	
Build your own program from the beginning, until you achieve the objectives.



	
Create a function that can modify parameters.









	(3)

	
Component 3: The ability to connect to the robot:




	
Connect the port between the computer and the microcontroller.



	
Create objects for using analog and/or digital signals.



	
Create a graphical user interface (GUI) to display the analog and/or digital inputs.



	
Create a graphical user interface (GUI) for the digital outputs.















2.2. Higher Order Thinking


The concept of higher order thinking skills became an important educational topic when Bloom et al. [26] published the Taxonomy of Educational Objectives and described higher order thinking skills as Analysis, Synthesis and Evaluation. Later, in 1987, Resnick [54] researched the teachings of science and mathematics with an educational theme focusing on higher order thinking among public school students across the United States. The studies have shown that higher order thinking skills are important skills in the scientific thinking process and can be developed from the elementary school level and onward. In addition, Resnick said “Higher order thinking involves a cluster of elaborative mental activities requiring nuanced judgment and analysis of complex situations according to multiple criteria. Higher order thinking is effortful and depends on self-regulation” [54].



This is consistent with Lewis and Smith [55] who concluded that higher order thinking skills are the processes used to respond to situations through critical thinking and problem solving. Moreover, King et al. [56] stated that “Higher order thinking skills include critical, logical, reflective, metacognitive, and creative thinking. They are activated when individuals encounter unfamiliar problems, uncertainties, questions, or dilemmas” [49]. Later, in 2001 Anderson et al. [27] revised Bloom’s Taxonomy of Educational Objectives, pointing out that learners’ thinking characteristics should be divided into two dimensions consisting of the “Knowledge Dimension” and “Cognitive Process Dimension”. They have also modified Bloom et al.’s six stages of cognitive levels [26], but still define higher order thinking as starting at the analytic thinking stage, detailed in Table 1.



From the details of higher thinking skills mentioned above, it can be concluded that higher thinking skills refer to “the intellectual ability from the application of knowledge to the creation of new ideas of one’s own” [26,27,54,55,56]. In this research, we used the higher order thinking skills theory based on the revision of Bloom’s cognitive taxonomy of Anderson et al. [27], as the basis for designing the component and indicators in this study. The revision of Bloom’s cognitive taxonomy consists of the details about of “Knowledge Dimensions” and “Cognitive Process Dimensions”, which are as follows:




	(1)

	
The knowledge dimensions:




	
Factual—The fundamental understanding of terminology; scientific terms; labels; lexicon; slang; symbols or representations, and specifics, such as a knowledge of events, individuals, events, and information sources.



	
Conceptual—Knowledge of a subject’s classifications and categories, concepts, theories, models, or frameworks.



	
Procedural—Knowing how to perform a skill, procedure, technique, or methodology.



	
Metacognitive—The method or approach of learning and thinking, being aware of one’s own cognition and being able to control, monitor and regulate one’s own cognitive process.









	(2)

	
The cognitive process dimensions:




	
Analyze—Breakdown a component and determine how the parts relate to one another and to an overall concept or purpose by differentiating, organizing, and attributing.



	
Evaluate—Make decisions utilizing criteria and standards by checking and critiquing.



	
Create—Integrate elements to create a coherent or functional whole; reorganize elements to create a new structure or pattern by generating, planning, and producing.














The higher order thinking assessment flourished in the 19th century to verify the validity of teaching methods for specific objectives and tried to determine the standard level of learners in each grade [57]. To date, the knowledge and cognitive process assessment has been used as part of building student enthusiasm and leading to the development of learners’ skills in accordance with the learning objectives [58]. Corliss and Linn [59] suggested a method for measuring thinking skills in scientific learning activities, presented in Table 2.



From Table 2, we found that higher thinking skills can arise in the scientific thinking process, where teachers can measure and assess students’ skills through learning activities. Therefore, in this study, the researchers used the higher order thinking skills dimension of Anderson et al. [27], which consists of the knowledge dimension and cognitive process dimension, presented in Table 3.



From Table 3, we can identify the higher order thinking by these 12 behavior indicators. In addition, in Computational Science, these behaviors refer to a group of competencies known as computational thinking. Selby [60] determines that the relationship of higher order thinking skills is directly linked to computational thinking, which consists of decomposition, abstraction, algorithm design, generalization, and evaluation. The relation is shown in Figure 1.



From Table 3 and Figure 1, it can be observed that we then have the higher order thinking indicators in the programming pedagogy. However, to assess the level of skill for each attribute, it is necessary to have a numerical rating scale to measure the performance. Leighton [61] shows that measurements can be made based on line 0–100 and divided into 5 levels (0–4), shown in Figure 2.



The rating scale was divided into five ranges, shown in Figure 2. This corresponds to Likert [62] that supports the design of the rating scale, which should be an odd number (3, 5, 7, …). If we consider Figure 2, it can be observed that the teachers should not assess learners by dividing them into only two sides (white and black) because some learners’ abilities are grayed out. Therefore, defining the middle of the scale is another suitable way to assess learners’ abilities more clearly. This led to the specific research method for testing the robot programming skill’s indicators through the assessment by using a rating scale with five ranges (0–4), as shown in the research methodology.





3. Objectives


	(1)

	
To synthesize the components and indicators of the robot programming skill assessment based on higher order thinking.




	(2)

	
To evaluate the validity and reliability of the robot programming skill assessment based on higher order thinking.








4. Methodology


4.1. The Details of the Participants in This Research


	(1)

	
To test the validity of the components and indicators in the form of a questionnaire instrument in terms of the robot programming skill based on higher order thinking, the researcher worked with seven experts from various fields, whose qualifications were as follows:




	
The Ph.D. lecturers in Educational Evaluation; two persons.



	
The Ph.D. lecturers in Computer Engineering; two persons.



	
The Ph.D. lecturer in Educational Technology; one person.



	
The Ph.D. lecturer in Psychology; one person.



	
The psychiatrist with at least 5 years of adolescent behavior research experience; one person.









	(2)

	
To test the reliability of the components and indicators, the researchers used the robot programming assessment instrument with 50 volunteers in a robot programming skills training program—July 2021 course of the MARA: Manufacturing Automation and Robotics Academy, Ministry of Industry, Thailand. The participant acquisition was due to the public announcement made by the Department of Skill Development via the MARA website [63] in June 2021. Within three weeks of the announcement, 200 people had signed up for the training course. The researchers then set a quota of 50 technician volunteers to use the assessment instrument. All the participants were industrial plant technicians who had no prior experience of programming a robot before enrolling in the training course.








4.2. The Details of the Research Instrument


After identifying the key components and indicators of the robot programming skill assessment based on higher order thinking, we created the instrument to measure robot programming skills. The instrument utilizes three components with 16 indicators and is designed for trainees to rate themselves on a four-point scale as follows:



0 points means it cannot be done.



1 point means not complete with the use of manuals or some other aids.



2 points means accomplished by always using manuals or some other aids.



3 points means accomplished by sometimes using manuals or some other aids.



4 points means complete it yourself without a manual or some other aids.




4.3. The Details of the Synthesis of the Components and Indicators


A systematic review and analysis based on the following research question: “How does robot programming affect higher order thinking”? The steps for inclusion/exclusion, criteria of data sources and search strategies are described below.




	(1)

	
Inclusion criteria:




	
Published between 2013 and 2022.



	
Include articles with search terms in the title and abstract.



	
Include experimental research publications in the search.



	
Include papers for which the abstract content corresponds to the research question.









	(2)

	
Exclusion criteria:




	
There is no complete article.



	
Unrelated to research due to inconsistency with the research question.



	
Duplicate study (if there are multiple databases).



	
Insufficient information.









	(3)

	
Data sources and search strategies:









The studies included in this scoping review (systematic review) were located via a comprehensive search of the publicly available literature through manual electronic searches of SCOPUS, IEEE, and Thai-JO. The search strategies varied according to the tool used. The search terms included the following keywords: “higher order thinking” or “problem solving” or “critical thinking” or “computational thinking” with “robot” and “programming” or “coding”. In Figure 3, the diagrams show the literature search process, in which the studies were identified, screened, and evaluated for inclusion. Based on the criteria, seven papers were chosen for the final analysis.




4.4. The Details of the Evaluations of the Components and Indicators


The findings of the systematic review are presented below, and here we detail the steps that were taken to collect the data:




	(1)

	
An initial assessment of the content validity for all components and indicators was conducted by having seven experts perform the evaluation using a content validity index test (CVI) [64]. This process led to minor revisions of some key language, but the original content remained the same.




	(2)

	
After revising the instrument, the questionnaires in a Google Forms link was provided to the trainer who supervised the robot programming skill training—July 2021 course of the Manufacturing Automation and Robotics Academy, Ministry of Industry, Thailand. Subsequently, the trainer provided the Google Forms link to trainees, who were a sample group, to rate themselves after they finished the course.




	(3)

	
The collected data was analyzed by using Cronbach’s Alpha statistic [65] to examine the reliability of the components and indicators of the robot programming skill assessment based on higher order thinking.











5. Results


	(1)

	
The researchers discovered seven empirical studies that could be used for synthesizing the components and indicators of the robot programming skill assessment based on higher order thinking, after conducting a literature study using the scoping review analysis. The results are shown in Table 4 and Table 5.




	(2)

	
The researchers developed the components and indicators of robot programming skills based on higher order thinking by combining programming procedures with the verbs that indicate cognitive skills analyzed from the scoping review. The results are show in Table 6.




	(3)

	
The validity test conducted by seven experts showed all 16 items measuring the three components reached an acceptable validity based on the content validity index test (CVI = 1.00).




	(4)

	
The reliability analysis used Cronbach’s Alpha statistic to examine the internal consistency of the components and indicators. The results for all 16 indicators were a Cronbach’s Alpha valued at 0.747. Moreover, the analysis of the questionnaire’s reliability for the three components of the questionnaire consisted of: (1) The ability to solve problems step by step (α = 0.827), (2) The ability to create computer programs (α = 0.722), and (3) The ability to connect to the robot (α = 0.778). Since the results of all the components using Cronbach’s Alpha calculations appear to be greater than 0.7, we then can conclude that the individual components and the overall indicators were acceptable reliability.








6. Discussion


The components and indicators of the robot programming skill assessment based on high order thinking should be used to measure students’ skills by assessing the effect on the students’ ability to express what they have learned, also called “authentic assessment” [66], in which it is difficult to provide the instructor with the exact assessment and judgment of the workpiece. It is essential to establish the scoring and quality criteria [67]. As a result, after the components and indications were designed and created, we tested their validity and discovered that the index of the item-objective congruence (IOC) was 1.00.It may interpret the accepted validity, which implies that all indicators have accurately and suitably established the measurement concerns. It can also be practically utilized. The examination for the validity of the components and indicators in this study are compatible with the results of Rovinelli and Hambleton [68], who commented on the construction of any measure’s formulation, which should be validated before it is employed. This is consistent with the research of Müller et al. [69], who explained that assessing the measuring devices with several assessors can reveal the instrument’s accuracy.



In this study, the created components and indicators were evaluated using 50 volunteers and the results were examined with Cronbach’s Alpha statistic. This is the process that measure’s the reliability, or internal consistency of the components and indicators [70]. The Cronbach’s Alpha scores are higher than 0.7. It is typically accepted for interpreting the Likert scale questions, in general [71]. After the data analysis, the calculated results of the Cronbach’s Alpha statistic test for 16 indicators was 0.747. This means that all 16 indicators have acceptable internal consistency. In addition, the analysis for the created three components consisted of: (1) The ability to solve problems step by step, (2) The ability to create computer programs, and (3) The ability to connect to the robot, which appeared 0.827, 0.722, and 0.778, respectively. They all demonstrate that they have acceptable internal consistency. The purpose of this part in the research is to test the precision of the measurements. This is an important process when measuring the skill of learners through the authentic assessment [72], which corresponds with the results obtained by Segal et al. [73], who employed a variety of evaluators to develop learning behavior measurement tools that could provide accurate and reliable data in the assessments of learners’ reactions.



From the result of the validity and reliability analyses that the researchers previously mentioned, the created components and indicators were acceptable from the validity and reliability tests. This may be due to the following reasons:




	(1)

	
The components were established from the literary review of the “robot programming” [37,38,39,40,41,42,43]. It is also consistent with the training courses that use the same universal programming process.




	(2)

	
The robot programming skill is a higher order thinking skill based on Bloom’s cognitive taxonomy that falls into three categories: problem solving, critical thinking and the transfer of knowledge and skills [74]. The researchers can provide additional details as follows:




	
Component 1 (The ability to solve problems step-by-step) is the main ability of the robot programming skill. It conforms to the meaning of the following phrase: “Problem-solving approach”, defined by the APA Dictionary of Psychology [75] as “The process whereby difficulties, obstacles, or stressful events are addressed using coping strategies.”



	
Component 2 (The ability to create computer programs) is a part of the problem-solving skill that conforms to Jonassen [76], who details that programming activities could be classified as one solution for the “Design Problem Solving” type that focuses on analysis and planning. This also corresponds to Chandrasekaran [77], who determined that the key to problem solving is a step of critical thinking that understands the problem and defines the structure and sequence of work to fix the problem.



	
Component 3 (The ability to connect to the robot) is a part of applying the knowledge about the robot modules that direct the robot to work by taking values from the inputs to generate the outputs. It conforms to Matsun et al. [78], who used Arduino Uno microcontroller programming as a tool for scientific learning, which confirms that this tool can promote the higher order thinking of students from learning activities, such as the hypothesis about the relationship between input and output modules, testing the solution, observing the results, and improving the processes obtained from the results displayed by the system. This also corresponds to Avello-Martínez et al. [79], who mentioned that allowing students to experience the use of robotics in the classroom is another way to enhance the creative and computational thinking of the students, which is based on the cognitive processes of higher order thinking skills.









	(3)

	
The keyword used to describe the robot programming skill in all 16 indicators corresponds to the skill that represents the higher order thinking of Anderson et al. [27], together with seven empirical studies [47,48,49,50,51,52,53] in the scoping review.




	(4)

	
The scale for evaluating the robot programming skills was defined as a four-point scale consistent with Marzano and Kendall [80], who established the standardized measurement methods for the assessments of the cognitive domain.










7. Conclusions


The robot programming skill assessments based on higher order thinking consisting of three components with 16 indicators are shown in Table 6. All components and indicators were accepted by the validity assessment. In addition, the reliability analysis indicated that both the individual components and the overall indicators demonstrated acceptable reliability. Thus, it was concluded that the components and indicators synthesized in this study could be used as a guide for measuring the robot programming skills based on higher order thinking.




8. Suggestion


It is commonly known in the field of education that the elements of learning or lesson design consist of three main parts that include: (1) learning objectives, (2) learning and teaching strategies and (3) learning outcome evaluations [81]. Consequently, this research is one of the approaches that learning designers can use for learning activities that focus on developing higher order thinking skills by using robot programming as a tool. They can apply the results of this research to teaching and learning management for obtaining valid and accurate learning outcomes. It also includes teaching strategy designs that are consistent with the learning objectives.



However, the components and indicators developed in this study are defined within the conceptual framework of the synthesis of generic programming processes and are based on the higher order thinking skills dimension of Anderson et al. [27]. As a result, those implementing the findings of this study should first consider their compatibility within the context of grounded theory in learning design. Furthermore, the experimental test for created indicators was only the first trial with 50 volunteers in the Department of Skill Development of Thailand’s robot programming skills training program. Therefore, the researchers advise those who use the findings of this study to consider the experimental group’s condition.



Finally, the researchers hope that applying the components and indicators developed in this research to expand the results by experimenting with a variety of numbers and demographic characteristic samples will increase the credibility of the robot programming assessment of these indicators. These will lead to future benchmarks for the evaluation of robot programming skills.
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Figure 1. Computational thinking, pedagogy of programming, and Bloom’s old Taxonomy. 
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Figure 2. Division of the scale. 
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Figure 3. Literature search and selecting flow. 
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Table 1. Comparison of the old and new cognitive domains.
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Thinking Ordering

	
Old Cognitive Domain [26]

	
Revision Cognitive Domain [27]






	
Low

	
Knowledge

	
Remember




	
Comprehension

	
Understand




	
Application

	
Apply




	
High

	
Analysis

	
Analyze




	
Synthesis

	
Evaluate




	
Evaluation

	
Create
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Table 2. Thinking skills in scientific learning activities.
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Level

	
Science Skills

	
Learning Activities/Assessment






	
Low

	
Demonstrating knowledge of scientific concepts, laws, theories, procedures and instruments

	
Recall




	
Define




	
Describe




	
List




	
Identify




	
High

	
Applying scientific knowledge and procedures to solve complex problems

	
Formulate questions




	
Hypothesize/predict




	
Design investigations




	
Use model




	
Compare/contrast/classify




	
Analyze




	
Find solutions




	
Interpret




	
Integrate/synthesize




	
Relate




	
Evaluate
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Table 3. Higher order thinking behaviors.
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	Dimension
	Analyze
	Evaluate
	Create





	Factual
	Select
	Check
	Generate



	Conceptual
	Relate
	Determine
	Assemble



	Procedural
	Differentiate
	Conclude
	Compose



	Metacognitive
	Deconstruct
	Reflect
	Actualize
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Table 4. Study context characteristics.
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	Paper_ID
	Year
	Study Environment
	Region
	Gender





	La Paglia et al. [47]
	2018
	Elementary school
	Italy
	Mixed



	Lertyosbordin et al. [48]
	2018
	Middle school
	Thailand
	Mixed



	Hu et al. [49]
	2020
	Higher Education
	Taiwan
	Not available



	Kim [50]
	2020
	Elementary school
	Republic of Korea
	Mixed



	Çınar and Tüzün [51]
	2021
	High school
	Turkey
	Mixed



	Angeli [52]
	2022
	Higher Education
	Cyprus
	Mixed



	Sari et al. [53]
	2022
	Higher Education
	Turkey
	Mixed
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Table 5. Research design characteristics.






Table 5. Research design characteristics.





	Paper_ID
	Research Design
	Sample Design
	Sample Size
	Manipulate Variable
	Dependent Variable





	La Paglia et al. [47]
	Two-group pre-test & post-test
	Random
	30 people (group 1: 15; group 2: 15)
	Robot programming activities
	Higher order thinking includes: forecasting, planinng, and problem solving



	Lertyosbordin [48]
	One-group pre-test & post-test
	Random
	40 people
	Robot programming activities
	Creative problem-solving skills include: problem analysis, finding a solution and robot testing



	Hu et al. [49]
	Two-group post-test
	Purposive
	13 people (group 1: 6; group 2: 6)
	Robots and IoT programming courses
	Computational-thinking learning outcome



	Kim [50]
	Two-group pre-test & post-test
	Purposive
	45 people (group 1: 22; group 2: 23)
	Hands-on robot and EPL programming activities
	Creative problem solving includes: understanding the problem, generating ideas planning for action and an evaluation



	Çınar and Tüzün [51]
	Two-group pre-test & post-test
	Purposive
	81 people (group 1: 41; group 2: 40)
	Object-oriented and robot programming activities
	Achievement, abstraction, problem solving and motivation



	Angeli [52]
	One-group pre-test & post-test
	Purposive
	50 people
	Robot programming activities
	Computaional thinkinig skills include: skills of sequencing, flow of control, and debugging



	Sari et al. [53]
	One-group pre-test & post-test
	Purposive
	24 people
	Arduino coding activities
	Algorithmic-thinking skills include: understanding the problem, determining the solution strategies and creating the algorithm
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Table 6. The synthesis of the components and indicators of the robot programming skill assessment based on higher order thinking.
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Components

	
Indicators

	
Evidence-Based References




	
[47]

	
[48]

	
[49]

	
[50]

	
[51]

	
[52]

	
[53]






	
1. The ability to solve problems step by step

	
1. Describe the problem and the sequence of ways to solve it.

	
●

	
●

	
●

	
●

	
●

	
●

	
●




	
2. Draw the flowcharts or pseudocodes to show the sequence of ways to solve problems.

	
●

	
●

	
●

	
●

	
●

	
●

	
●




	
3. Change the sequence of steps if the results are not achieved.

	
●

	
●

	
●

	
●

	
●

	
●

	
●




	
4. Tackle the tasks presented by breaking them down into smaller tasks.

	
●

	
●

	
●

	
●

	
●

	
●

	
●




	
5. Capture the issues that can cause problems to repeat.

	
●

	
●

	
●

	
●

	
●

	
●

	
●




	
2. The ability to create computer programs

	
6. Create a program using a computer language from a blank page.

	
◑

	
◕

	
◕

	
◕

	
●

	
◕

	
◕




	
7. Create a program with a single-decision condition.

	
◕

	
◕

	
◕

	
◕

	
●

	
◕

	
◕




	
8. Create a program with the nested structure of decision conditions.

	
◑

	
●

	
●

	
●

	
◕

	
◑

	
◔




	
9. Create a variable to control the loop task programs.

	
◑

	
◕

	
◕

	
●

	
◕

	
◔

	
◔




	
10. Create a variable and input data that affect the output.

	
◕

	
◕

	
◕

	
●

	
●

	
◕

	
◕




	
11. Build your own program from the beginning, until you achieve the objectives.

	
◑

	
◕

	
◕

	
●

	
◕

	
◕

	
●




	
12. Create a function that can modify parameters.

	
◕

	
◕

	
◕

	
●

	
●

	
◕

	
◕




	
3. The ability to connect to the robot

	
13. Connect the port between the computer and the microcontroller.

	
◕

	
◕

	
◕

	
●

	
●

	
◑

	
●




	
14. Create objects for using analog and/or digital signals.

	
◑

	
◕

	
◕

	
●

	
●

	
◑

	
●




	
15. Create a graphical user interface (GUI) to display the analog and/or digital inputs.

	
◑

	
◔

	
◔

	
◑

	
◑

	
◑

	
◔




	
16. Create a graphical user interface (GUI) for the digital outputs.

	
◑

	
◔

	
◔

	
◑

	
◑

	
◑

	
◔








Level of consistency: ○ Not at all, ◔ Slightly, ◑ Moderately, ◕ Very, ● Extremely.
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