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Abstract 

This study explores the impact of robotics activities on the creativity and problem-solving performances of secondary 

school students. The participants consisted of 10 students from a computer science class at a secondary school. The 

robotics activities utilized Lego Ev3 kits and incorporated reverse engineering principles. Data were gathered using 

open-ended forms created to evaluate students' perspectives on creativity while engaging in tasks and their robotics 

problem-solving performances. The findings revealed that, most of the students demonstrated proficient skills, 

particularly in recognising problems, and creating alternatives, while their reasoning, applying the solution, and sharing 

skills were adequate. We hope this study will offer a valuable example of how to incorporate robotic activities within 

the reverse engineering approach. 
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1. Introduction 

 

There is an increasing body of research highlighting the potential of educational robotics to enhance various problem-

solving skills (Evripidou et al., 2020; Sun & Zhou, 2023). Educational robotics activities are implemented across all 

educational levels, from elementary to graduate, encompassing design, programming, application, and 

experimentation. Educators typically utilize robotics kits to construct robots and develop programs for specific tasks 

(Jung & Won, 2018). These activities can be structured as interventions, after-school programs, elective classes, or 

comprehensive course modules focused on robotics (Gubenko et al., 2021). For instance, Mblock is utilized for easy 

coding and control of robots. Lego Mindstorms allows students to design robots to enhance STEM skills and Lego 

Wedo 2.0 is another tool to develop children's dexterity. Mbot and Makey Makey are other tools for younger students 

to help them gain computational problem-solving experience. While mBot helps students to learn hands-on experience 

in the fields of graphical programming, electronics, and robotics; Makey Makey allows students to turn everyday 

objects into computer interfaces. Additionally, Vex IQ can be integrated with engineering challenges, making it a 

notable tool in educational robotics. Arduino is another educational robotics platform that requires basic knowledge of 

electricity and can be used to address simple real-life problems, such as watering plants or creating a door lock using 

various sensors. Students need to understand how to connect sensors, input-output devices, jumpers, and cables on a 
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board, as well as use its programming language. 

Robotics activities are used to enhance various skills and their potentials are closely related to how they are applied in 

the course process. In this sense, problem-solving and creativity skills are current key competencies that students need 

for their lives and professions in the future (Partnership for 21st Century Skills, 2009) and can also be enhanced through 

robotics. Thus, educators should help students keep up with these skills that is often referred to as twenty-first-century 

skills to meet challenges in the modern world. In a previous study, Costa and Fernandes (2005) applied robotics to 

space science, finding that students developed practical solutions to problems, which enhanced their critical thinking 

and logical reasoning skills. Similarly, Petre and Price (2004) demonstrated that robotics effectively helps primary and 

secondary school students grasp programming and engineering principles. Their findings indicated that students were 

able to define the essential principles and concepts related to programming and engineering. Strawhacker and Bers 

(2015) reported how successful using the Lego WEDO robot set was in teaching basic programming concepts such as 

loop and decision-based to preschool students. In addition, Vatansever (2018) documented that using robots positively 

affected the problem-solving of fifth and sixth graders. Most of the aforementioned studies show that, in most of the 

robotics activities computational problems are given to students to be solved via educational robotics, and while acting 

in the robotics activities students gain various skills in the context of problem-solving and creativity.  

The rest of the paper is structured as follows: Section 1.1 discusses creativity and problem-solving in educational 

robotics, while Section 1.2 covers descriptions and related work in the area of reverse engineering within educational 

robotics. We examine the relevant literature and identify research gaps in creativity and reverse engineering in 

computer science education. Following this, we present our research design and findings. Finally, we conclude with 

implications and suggest potential directions for future research.  

1.1 Creativity and Robotics Problem-Solving  

The application of educational robotics takes its roots in the constructionist approach (Danahy et al., 2014; Kafai & 

Resnick, 1996; Papert, 1981).  While working in these constructionist situations, students think creatively and analyze 

the situation for problem-solving in real-world problems. Considering that creativity may be discussed in many broad 

senses, it is needed to understand the conceptualization of creativity in educational robotics contexts. Thus, general 

definitions, such as creativity being the generation of new ideas and innovative products (Kerr & Gagliardi, 2006), can 

be exhibited by engaging in robotics applications. In this process, creativity plays a crucial role in problem-solving, 

idea generation, conceptualization, theorization, and principle association (Azimpoor et al., 2017), helping to clarify 

the connection between robotics activities and creative outcomes. Prior research indicates that when given tasks 

designed to foster creativity in an educational setting, students are able to come up with innovative solutions and gain 

engineering competences by working through a range of computational issues. In addition to strengthening creativity, 

support, cooperation, and teamwork, educators seek to improve students' high-level thinking abilities, such as problem-

solving, decision-making, and scientific inquiry (Eteokleous-Grigoriou & Psomas, 2013).  

The studies on educational robotics in classrooms provided some beneficial effects on creativity (Afari & Khine, 2017; 

Chetty, 2015). In one of the studies, Adams et al. (2010) interviewed engineering undergraduates who completed a 

voluntary Lego Mindstorms robotics module involving programming LEGO Mindstorms robot. The results showed 

most of the participants’ perceived that their creative thinking skills had improved. Similarly, Cavas et al. (2012) 

introduced students to building and programming robots and investigated the effect of a LEGO Mindstorms robotics 

course on students’ scientific creativity and found that students’ creativity had increased after the program. Huei (2014) 

conducted a five-week program where students were introduced to a programming language for coding robots. 

Following the program, most students reported positive changes in their perspectives on creativity and problem-solving 

performances. In another study, Jagust et al. (2017) presented the results of workshops for gifted elementary students 

utilizing LEGO Mindstorms robotic sets. Although the authors did not conduct a psychometric assessment of creativity, 

their qualitative analysis concluded that the children demonstrated creative productivity. Eteokleous et al. (2018) 

evaluated the creativity of primary school students after a 36-week intervention and found a significant enhancement 

in their creative abilities. 

However, it is typically challenging to identify creativity in studies that involve problem-solving. Four characteristics 

of creativity were proposed by researchers: fluency, flexibility, originality, and elaboration. Fluency in creativity is the 

ability to generate a large number of ideas quickly and effortlessly. In flexibility dimension, the student should be 

allowed to switch about their group assignments as needed. Originality is used to describe when students approach 

challenges from many points of view. The goal of the elaboration is to get the learner to value the specifics as they 
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work toward the answer (Almeida et al. 2008; Kim, 2006).  

Educational robotics provides experiential and situational learning for problem-solving real-world problems (Benitti, 

2012). Students can be encouraged to think critically, analyze situations, and exercise creative thinking by engaging 

in. Previous studies show that working with educational robotics may allow students to create various solutions for 

computational robotics problems. However, it is generally difficult for educators to construct learning environments 

to foster students' creativity. In this context, applying reverse engineering principles is used to support students in 

providing creative problem solutions in this study. Reverse engineering has been implemented in the field of 

mechanical components/assemblies, electronic components, and computer programs (Thayer, 2017).  

In the educational robotics, students can examine existing robotic products to understand their construction, 

functionality, and programming. In this context, the potential of educational robotics for reverse engineering 

applications can provide innovative teaching methods for implementing robotics in education. 

1.2 Reverse Engineering in Educational Robotics 

Reverse engineering is defined as the process of creating a set of specifications for a piece of hardware by individuals 

other than the original designers, primarily through the analysis and measurement of a specimen or a collection of 

specimens. When using the reverse engineering approach, students examine existing systems to identify their 

components and the relationships among them (West et al., 2015). Thayer (2017) outlined the stages of reverse 

engineering as determining the design's purpose, observing its functionality, disassembling/distorting it, analyzing the 

components, and then reporting or redesigning based on the findings. 

Reverse engineering helps students better understand the science behind design and the components of engineering 

design by offering them the opportunity to critically ask questions about design features (West et al., 2015). In this 

process, an existing product is examined and its detailed characteristics are sought to learn how the product is made 

and how it works. The reverse engineering process aims to reproduce an existing object by analyzing the dimensions, 

shape, and properties of the product or object (Batni et al., 2010). Thus, it is recognized as a powerful method for 

developing students' thinking skills (Dempere, 2009; Verner & Greenholts, 2016). It also enhances students' ability to 

systematically structure critical thinking (Griffin et al., 2012; Rogers-Chapman, 2014) and improves their logical 

thinking skills, thereby strengthening their analytical abilities (Klimek et al., 2011). 

One of the prior studies emphasized the importance of reverse engineering in robotics education, particularly in 

fostering creativity and improving learning performance, although it requires careful planning and design (Zhong et 

al., 2021). Another study matched the numerical data provided by the software interface, using a suitable symbolic 

model of the robot dynamics. The results showed that including training and validation tests with additional dynamic 

validation experiments that use the complete identified model and joint torque sensor data (Gaz et al., 2014). In 

previous studies; while the reverse engineering approach has been explored in various contexts, examples of its 

application in robotics education for primary and secondary schools are still limited.  

Reverse engineering with Lego Ev3 might begin with the robot as a whole so that students can analyze its parts, pieces, 

software, and other components. They can also work on it by putting it back together from the parts, or they can provide 

software to make it better or change it. Students may be able to use their creativity in reverse engineering through the 

robotics applications that incorporate both software and hardware components. By activating their creativity, students 

have the opportunity to modify the functionality of existing products by adding new components, sensors, or codes. 

Thus, we hypothesize that utilizing this type of robots could serve as a host for more creative expression. 

1.3. Aim of the study 

Considering the significance of reverse engineering in robotics activities, we seek to gain practical insights into how 

this approach impacts creativity and problem-solving. Thus, the following problem guided to research study:  

Do robotics activities focused on reverse engineering impact the exhibition of creativity and robotics problem-solving 

performance among secondary school students? 

2. Methods 

The study focused on the potential of robotics activities for creativity and problem-solving. Since these experiences 
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can be gathered through qualitative data, an exploratory case study was adopted to generate insights that can inform 

further investigation, particularly an underexplored area of reverse engineering. Explanatory case studies provide 

explanatory information to examine situations in detail to answer the questions "why" and "how" the cases occurred 

(Fisher & Ziviani, 2004).  

2.1 Participants 

The participants included 10 sixth-grade students (3 boys and 7 girls) enrolled in a computer science class at a private 

secondary school. Informed consent for participation in the activities was obtained from their parents. A preliminary 

interview was carried out to select the participants purposefully to ensure that they had no prior knowledge about 

robotic activities. Students were identified as S1, S2, and so forth.  

2.2. Process 

Participants were divided into three groups to carry out the activities. Two computer science teachers facilitated the 

sessions, encouraging students to take active roles. All activities spanned two lesson hours. In the first 15 minutes, 

students were introduced to the Lego EV3 robot, after which they assembled its components. They were tasked with 

identifying the robot's purpose, understanding how it operates, and learning how it is constructed. To explore the 

functions of its parts, students disassembled the robot. They were then asked to design a solution for the given task. 

Throughout the activities, the teacher posed guiding questions to encourage student creativity. One of the researchers, 

who also served as the teacher, observed their behaviors during the tasks and helped them when needed. Four activities 

in the study are Carrying objects, Creating a bridge from objects, Moving the ship, and Unloading from the tower. The 

activities were associated with the steps of reverse engineering approach practically as presented in Table 1. 

 

Table 1. Robotics Problems Regarding Reverse Engineering 

Robotics Problem-Solving  Reverse Engineering 

Recognizing the problem 

Articulates the problem in their own words. 

Establishing the design objective 

Monitoring its functionality 

Reasoning 

Employs reasoning (illustrating) in connection with the question 

or problem. 

Design solutions 

Engages in a design project to formulate a solution that adheres 

to particular design requirements and limitations. For example, 

students create a piece of the robot (ie carry an object) write 

codes for the task, and test it by running the robot. 

Disassemble/deform 

Analyze 

Problem Solving 

Addresses the problem by constructing and programming the 

model, making adjustments as necessary.                

Sharing 

Discusses the problem and proposed solution with the peers. 

Report/Redesign 

 
For example, in the first activity (Carrying Objects), students were tasked with transporting items. They were provided 

with a robot and asked to identify its purpose. During this phase, guiding questions prompted students to observe how 

the robot functioned. Next, students disassembled the robot to examine its parts and understand their functions. They 

were then instructed to design a robot suitable for the task, taking all previous stages into account. Students made 

modifications to both the code and design of the robot. Finally, they presented their designs to the class. 

2.3. Data Collection Tools 

2.3.1 Open Ended Questions Form 

Questions for Robotics Problem-Solving 
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Open-ended questions were asked to understand thinking processes in robotics problem-solving after being reviewed 

by two computer science teachers as experts. Six open-ended questions included in the test were asked to determine 

the problem-solving performances regarding the robotics problems. Some example questions are included in Appendix 

2.  

Questions for Creativity 

To explain the students' exhibition of their creativity, open-ended questions in the form regarding the reverse 

engineering approach was used. The questions were directed to the students when they were acting on the tasks. Some 

examples are presented in Appendix 3.  

2.4. Data Analysis 

The qualitative data on the exhibition of creativity was analysed through content analysis of students' perspectives. 

Themes and codes were developed based on indicators of creativity and the relationships observed in students' 

behaviors while engaging in tasks. Robotics problem-solving performances were assessed through a framework 

regarding problem-solving and scored by problem-solving rubric designed by the researchers. 

2.5. Robotics Problem-Solving Rubric 

Open Open-ended questions for robotics problem-solving were analysed by using the Robotics Problem-Solving 

Rubric. The rubric is created by adopting Polya's problem-solving steps. The criteria for the given problems are shown 

in Appendix 1. Example questions and evaluations are shown in Table 2. 

Table 2. Example questions and evaluations about robotics problem-solving rubric 

Robotics Problem 

Solving Steps 

Evaluation of  

Students’ Statements 

Recognizing the 

problem 

 

The problem was defined as follows: "How does the robot transport the object from its 

starting location back to the original point?" This student's statement was recognized as 

advanced, aligning with the advanced level in the rubric. 

Reasoning 

 

The statement, “If we design an additional part to prevent the object from falling and 

attach it to the robot, it can easily carry the object,” was assessed as a basic-level idea. 

This student’s response was deemed sufficient, corresponding to the sufficient level in the 

rubric. 

Creating Alternatives 

 

The robot’s ability to make the additional part that it can carry without dropping is 

considered a basic-level design. This design of the student was accepted as sufficient, 

coinciding with the sufficient level in the rubric. 

Applying the solution 

The student's inability to offer an alternative to the designed attachment to the robot 

to carry the object without dropping it coincided with the sufficient level in the rubric, 

and this design of the student was accepted as sufficient 

Sharing 
 

The students’ evaluations like “The robot was able to take the object from its location and 

move it to the starting point without any problems. The fact that the part is especially easy 
to attach and remove from the robot increases its functionality” was accepted as the 

advanced level. 
 
 
The scoring was done by two different researchers who compared their scores. In cases where discrepancies arose, the 

researchers continued to evaluate until they reached a consensus and agreed on the final scores. 

3. Findings 

3.1. Students' Exhibitions of Creativity 

The exhibition of students’ creativity were categorized into themes: reshaping, innovative ideas, leaving the current 

task, and detailing. Reshaping, one of the themes, focuses on the intention to alter the current design of the robot. 

Students' responses to the question" How can this robot be constructed differently?" are summarized in Table 3.  
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Table 3. Students’ evaluations about “Reshaping” 

Reshaping 

Modifying the current design (n=3) 

Generating alternative solutions by enhancing the current design (n=4)  

Performing multiple tasks by creating additional components to design (n=4) 

Creating new one while considering various variables of the design (n=4) 

Achieving the solution through various approaches by utilizing different code blocks (n=6) 

Completing the task more efficiently by employing different codes  (n=2 

Regarding the design, S1 stated: “If we change the design of the robot, we can design an additional arm”, and S3 

expressed: “A long arm can be added”. Some other students pointed out the size of the code which was used to activate 

the robot. For example, S2 expressed that “ I think if we use repetition blocks, we can solve more shortly", and S4 

expressed that “We should utilize various code blocks for solution”. Figure 1 shows a view of the design configuration 

in Activity 1. 

 

 
 
Figure 1. A view from designing additional parts 

Figure 1 illustrates students' behaviors as they create new components. The students indicated that while designing 

these parts, they aimed to enable them to perform multiple tasks. In this section, they created a new design by using 

various code blocks. 

Another way of creativity is found in performing Innovative Ideas. The perspectives of students related to creativity 

are shown in Table 4. 

 

Table 4. Students’ evaluations about “Innovative ideas”  

Innovative Ideas 

Completing the task faster with different sensors(n=2) and proposing new project ideas (n=3) 

Taking various functions into account (n=2) 

Offering transactions that will facilitate the task (n=4)  

Thinking alternative functions outside the robot's current role (n=3) 

 
During their work, students were asked questions such as, “What would you like to change in this design?” “Can the 

designed part be made more functional?” and “Can this robot perform its task more efficiently? What would make that 
possible?” Some students responded with suggestions like, “We can do it in a shorter time using sensors,” and “We 

can perform several tasks by assigning new tasks to the robot.” These responses led to the emergence of innovative 

ideas. 

A view from students exploring new solutions using sensors is shown in Figure 2. 
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Figure 2. A view from students exploring new solutions using sensors. 

 
In the context of innovative ideas, students modified the codes related to the sensors, achieving the robot's final goal 

(the task outlined in Activity 2) by proposing new projects that incorporated different sensors attached to the robot. 

Another theme related to creativity was the Change of the Mission, which was further divided into two dimensions: 

coding and design. When asked, “Do you want to change the task?” students' responses were categorized under the 

theme of mission change. The perspectives were presented in Table 4. 

 

Table 4. Students’ evaluations about “Leaving the current task” 

Leaving the current task 

Refusing the change because of an interest in design (n=3) 

Refraining from job changes unless essential (n=3) 

Focus on achievable tasks in codes (n=5) 

Declining to change tasks due to interest in coding (n=2) 

Declining a job change because of inadequate coding knowledge ( n=3) 

 

While some students declined to change the tasks, expressing, "No, I don't want to because I don't like to write codes," 

others agreed to move on to another part of the activity, stating, " No, I don't want to code; I'm not skilled at designing." 

which reflected their perceptions of coding tasks. Conversely, other students voiced their enthusiasm for design, saying, 

“I want to be a designer; it's more fun to design,” and “I don't want to change my task; I want to design.”  

Some students were more focused on interacting with the robot and assembling the parts, showing less interest in 

coding. Their comments indicated a preference for creating new solutions by altering the robot's components and 

experimenting through trial and error. The evaluations of the students are illustrated in Figure 3. 

 

 
 
Figure 3. A view from the coding and design tasks  

 

Sensor 
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Figure 3 shows that, the students who refused to change their tasks due to their interest in design continued to design 

tasks. A student working in the coding area accepted the task change and transitioned to the design area. 

The last theme is detailing which includes detailing on coding and detailing on design. The evaluations of the students 

under the detailing theme are presented in Table 5. 

 

Table 5. Students’ evaluations about “Detailing” 

Detailing 

Attending to details in the solution process and design (n=4). 

Utilizing the design space with precision (n=4) 

Concentrating on the specifics of the coding area throughout the process (n=5) 

 

Given the emphasis students placed on details, they were asked: “Is detailing important during the activities?” and 

“What specific details did you focus on when building the robot?” Students provided responses such as, “Yes, I paid 

attention to the details, especially in the codes, because even the smallest code error can prevent the robot from 

starting,” and “I focused mainly on the codes; dealing with design isn’t my responsibility.”  

Regarding design, students noted, “The detail of the attachment designed is very important because many features 

must be considered for the robot to function,” and “I paid more attention to the details in the design because coding is 

ineffective without proper design.” These expressions indicate that students recognized the significance of writing 

accurate code, assembling components, and viewing the robot as an integrated system. They understood that thinking 

through their tasks in detail would aid in successfully completing them. Students considering the detailing are shown 

in Figure 4. 

 

 

Figure 4. A view from the students considering the detailing 

Figure 4 shows that students discussed the reason in detail of the attachment and the importance of this attachment in 

the creation of the event. 

Overall, the students' perspectives demonstrate that participating in robotics activities through the reverse engineering 

approach enhanced their creative problem-solving abilities. Two key components; design, which pertains to the 

hardware, and code, which refers to the programming blocks, were essential in showcasing their creative ideas and 

behaviors. 

3.2. Students’ Robotics Problem-solving Performances 

Robotic problem-solving performances were assessed and rated by analysing and categorizing students’ solutions. 

Their perspectives on these solutions were aligned with Polya's problem-solving steps, which were adapted for the 

robotics challenges. The level of students' in robotics problem-solving performances is shown in Figure 5. 
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Figure 5. Students’ robotics problem-solving performances 

In the dimension of recognizing the problem, 5 out of 10 students participating in the research were at the "proficient" 

level, while 3 students were at the adequate level and 2 students were at the "insufficient" level. Regarding the 

reasoning, 3 out of 10 students participating in the research were at the “proficient” level, while 4 students were at the 

“adequate” level and 3 students were at the “insufficient" level. In addition, 4 out of 10 students participating were at 

the “proficient” level, 3 students were at the “adequate” level and 3 students were at the “insufficient” level. Moreover, 

in the sharing, 3 out of 10 students participating in the research were at the "proficient" level, while 6 students were at 

the “adequate” level. 

Overall, the results indicate that engaging in reverse engineering positively impacted all components of problem-

solving, with identifying the problem and designing solutions being particularly prominent skills during the 

implementation. 

4. Discussion 

This study investigated the impact of the reverse engineering approach in robotics activities in relation to creativity 

and robotics problem-solving. Initially, students built a basic robot using Lego Mindstorms sets, after which they were 

tasked with designing additional parts for specific challenges. It is believed that the parts created by the students 

contribute to the originality aspect of creativity. The students generated various designs that successfully met the tasks. 

This production of diverse ideas and innovative solutions for each activity is thought to positively influence the fluency 

aspect of creativity. Zhong et al. (2021) also found that students who used reverse engineering did noticeably better 

than those in the project-based study group and had greater levels of creative self-efficacy, which is consistent with 

our findings.  

The study evaluated students' robotics problem-solving performances on a number of different fronts. It was noted that 

they had improved in terms of comprehending the issue, making clear the work at hand, and figuring out how to resolve 

it. Students were given several reverse projects reflecting engineering to understand the purpose of the robots and the 

assigned tasks during the robotics activities. The majority of students were able to reason, solve the problems, and take 

into account other viewpoints. Students were urged to come up with various concepts for how the robot would operate 

in this situation. Because of the variety of ideas that the students present, it is thought that this stage effectively fosters 

reasoning. 

Students created solutions to the problems given in the activities and came up with alternative ideas. It is thought that 

the students used their different ideas in the reasoning step to design solutions. Students generally did not struggle with 

the assigned problems and presented various ideas related to reverse engineering. The reverse engineering in the 

robotics activities enabled students to comprehend the problem, engage in reasoning, and develop solutions. 

Subsequently, the design activities offered students the opportunity to create new designs and code, taking into account 
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all the stages of the process. Similarly; West et al. (2015) highlighted that employing the reverse engineering approach 

allows students to ask insightful questions about design elements, enhancing their understanding of the engineering 

and scientific principles involved in the design process.  

Students presented their solutions with their group members after finishing the assigned assignments. For the most 

part, students met the requirements for sharing. The students were given opportunities to participate actively in group 

settings within the parameters of the activities. Students with various ideas are thought to generate a creative 

environment through discussion, and the presentation the students made to evaluate the design they created at the end 

of the session was deemed sufficient. Similar to the current study, reverse engineering was shown to improve academic 

performance, increase the self-efficacy in programming, and have a favorable impact on their analytical and holistic 

thinking abilities when it comes to problem-solving (Abdüsselam, Turan-Güntepe & Durukan, 2022). Additionally, 

Taşçı and Şahin (2020) found that reverse engineering applications can enhance students' academic performance and 

problem-solving skills in science classes. Klimek et al. (2011) also explored the application of reverse engineering to 

teach scientific concepts, alongside engineering principles related to biomimetic robots. They reported that students 

gained both conceptual knowledge and practical mechanical engineering strategies through this approach. 

Overall, the results supported the possibility of implementing reverse engineering activities in educational robotics. 

The beneficial effects on creativity and robotics problem-solving suggest that teaching problem-solving through 

robotics might be accomplished through reverse engineering. The activities in this study were modified to fit the phases 

involved in addressing problems. This could be one of the causes of the innovative solutions that have been developed. 

This study is not exempt from limitations. The research was carried out with 10 students. Since the study is explanatory, 

a small sample provided to ensure analyzing the students’ robotics problem-solving performances and creativity in 

detail. Since the study sample was small size, the effects with larger sample sizes should provide more sensitive results. 

In the activities, a limited number of robotic sets were used and the activities were carried out as group work as well 

as individual work. It should be noted that; concentrating on viewpoints gave us important information on how to use 

reverse engineering in educational robotics applications. Only the one type of the robots were taken into consideration 

while applying reverse engineering in this study. To learn about the building of robots and the possibilities of reverse 

engineering, alternative educational robots can be utilized.  

5. Conclusion and Implementations 

The study examined the impact of the reverse engineering approach in robotics activities on creativity and problem-

solving skills. In terms of creativity, it can be concluded that reverse engineering activities can provide task-based 

flexibility. It has come beforehand to offer processes that will facilitate the task in the coding process. The reverse 

engineering approach facilitated to thinking of new functions of the robots using different sensors. The ability to do 

more than one task by designing an additional part by paying attention to many variables came forward. The situation 

of solving in different ways by using different code blocks is a contribution of the approach. One can infer that reverse 

engineering activities provide reshaping in terms of originality and the students act in more detail in the coding area 

and using the design. Considering the stages of problem-solving; students demonstrated performances in recognizing 

the problem, reasoning, creating alternatives, applying the solution, and sharing their results. The findings revealed 

that the reverse engineering approach had a positive impact on the recognizing problem, where students needed to fully 

understand the task by illustrating the problem with various examples.  

Ultimately, the results indicate that the robotic activities based on reverse engineering had a positive impact on students' 

robotics problem-solving performances. Both the findings and limitations offer potential pathways for future 

educational robotics activities that focus on creative problem-solving strategies. We hope that the insights from this 

study will facilitate the future integration of the reverse engineering approach in teaching other computer science 

topics. 

 

 

 



International Journal of Computer Science Education in Schools, November  2024, Vol. 7, No. 1 

ISSN 2513-8359 
 

 

References 

 
Abdüsselam, M. S., Turan-Güntepe, E., & Durukan, Ü. G. (2022). Programming education in the frameworks of 

reverse engineering and theory of didactical situations. Education and Information Technologies, 27-5, 

6513-6532. 

Adams, J.  C.   (2010).   Scratching   middle   schoolers'   creative   itch. In Proceedings of the 41st ACM Technical 

Symposium on Computer Science Education (pp. 356-360). 

Afari, E., & Khine, M. S. (2017). Robotics as an educational tool: Impact of Lego Mindstorms. International Journal 

of Information and Education Technology, 7(6), 437-442. 

Almeida, L. S., L. P. Prieto, M. Ferrando, E. Oliveira, and C. Ferrándiz. 2008. “Torrance Test of Creative Thinking: 

The Question of its Construct Validity.” Thinking Skills and Creativity, 3 (1): 53–58. 

doi:10.1016/j.tsc.2008.03.003. 

Batni, S., Jain, M. L., & Tiwari, A. (2010). Reverse engineering: a brief review. International Journal on Emerging 

Technologies, 1 (2), 73-76. 

Cavas, B., Kesercioglu, T., Holbrook, J., Rannikmae, M., Ozdogru, E., & Gokler, F. (2012). The effects of robotics 

club on the student's performance on science process & scientific creativity skills and perceptions on robots, 

human and society. In Proceedings of 3rd International Workshop Teaching Robotics, Teaching with 

Robotics Integrating Robotics in School Curriculum (Vol. 40, p. 50)., 

Costa, M. F., & Fernandes, J. F. (2005). Robots at school. The Eurobotice project. Science and Technology, 1, 2. 

Dempere, L. A. (2009). Reverse engineering as an educational tool for sustainability. In 2009 IEEE International 

Symposium on Sustainable Systems and Technology (pp. 1-3). IEEE. 

Evripidou, S., Georgiou, K., Doitsidis, L., Amanatiadis, A. A., Zinonos, Z., & Chatzichristofis, S. A. (2020). 

Educational robotics: Platforms, competitions, and expected learning outcomes. IEEE Access, 8, 219534–

219562. https://doi.org/10.1109/ACCESS.2020.3042555 

Eteokleous-Grigoriou, N., & Psomas, C. (2013). Integrating robotics as an interdisciplinary-educational tool in primary 

education. In Society for Information Technology & Teacher Education International Conference (pp. 3877-

3881). Association for the Advancement of Computing in Education (AACE). 

Eteokleous, N., Nisiforou, E., Christodoulou, C., Liu, L., & Gibson, D. (2018). Fostering children's creative thinking:  

A pioneer educational robotics curriculum. Research Highlights in Technology and Teachers Education, 

89-98. 

Fisher, I., & Ziviani, J. (2004). Explanatory case studies: Implications and applications for clinical research. Australian 

Occupational Therapy Journal, 51(4), 185-191. 

Gaz, C., Flacco, F., & De Luca, A. (2014). Identifying the dynamic model used by the KUKA LWR: A reverse 

engineering approach. In 2014 IEEE International Conference on Robotics and Automation (ICRA) (pp. 

1386-1392). IEEE. 

Griffith, A. L. (2010). Persistence of women and minorities in STEM field majors: Is it the school that matters? 

Economics of Education Review, 29(6), 911-922. 

Gubenko, A., Kirsch, C., Smilek, J. N., Lubart, T., & Houssemand, C. (2021). Educational Robotics and Robot  

Creativity: An  Interdisciplinary Dialogue. Frontiers in Robotics and AI, 8, 178. 

Huei, Y. C. (2014). Benefits and introduction to Python programming for fresh more students using inexpensive robots. 

In 2014 IEEE International Conference on Teaching, Assessment and Learning for Engineering (TALE) 

(pp. 12-17). IEEE. 

Jung, S. E., & Won, E. S. (2018). Systematic review of research trends in robotics education for young children. 

Sustainability, 10(4), 905. 

Kerr, B., & Gagliardi, A. (2006). Measuring creativity in research and practice. Arizona State University. 

Kafai, Y. B., & Resnick, M. (1996). Constructionism in Practice: Designing, Thinking, and Learning in a Digital 

World. Mahwah, NJ: Lawrence Erlbaum. 

https://doi.org/10.1016/j.tsc.2008.03.003
https://doi.org/10.1016/j.tsc.2008.03.003
https://doi.org/10.1109/ACCESS.2020.3042555


International Journal of Computer Science Education in Schools, November  2024, Vol. 7, No. 1 

ISSN 2513-8359 
 

 

Kim, K. H. 2006. Can We Trust Creativity Tests? A Review of the Torrance Tests of Creative Thinking (TTCT). 

Creativity Research Journal, 18 (1): 3–14. 

Klimek, I., Keltika, M., & Jakab, F. (2011). Reverse engineering as an education tool in computer science. In 2011 9th 

International Conference on Emerging Elearning Technologies and Applications (ICETA) (pp. 123-126). 

IEEE. 

Papert, S. (1981). Mindstorms: Children, Computers, and Powerful Ideas. UK: Harvester Press. 

Petre, M., &  Price,  B.  (2004). Using robotics to motivate ‘back door’ learning. Education and Information 

Technologies, 9(2), 147-158. 

Rogers-Chapman, M. F. (2014). Accessing STEM-focused education: Factors that contribute to the opportunity to 

attend STEM high schools across the United States. Education and Urban Society, 46(6), 716-737. 

Sun, L., & Zhou, D. (2023). Effective instruction conditions for educational robotics to develop programming ability 

of K‐12 students: A meta‐analysis. Journal of Computer Assisted Learning, 39(2), 380-398. 

Strawhacker, A., & Bers, M. U. (2015). “I want my robot to look for food”: Comparing Kindergartner’s programming 

comprehension using tangible, graphic, and hybrid user interfaces. International Journal of Technology and 

Design Education, 25(3), 293-319. 

Thayer, K. (2017). How does reverse engineering work. Retrieved February, 6, 2021. 

West, A. B., Sickel, A. J., & Cribbs, J. D. (2015). The science of solubility: Using reverse engineering to brew a perfect 

cup of coffee. Science Activities, 52(3), 65-73. 

Vatansever, Ö. (2018). Examining the Effects of Using Scratch Programming on 5th and 6th Graders’ Problem Solvıng 

Skills (Unpublished Master Dissertation, Bursa Uludag University, Turkey). 

Verner, I., & Greenholts, M. (2016). Teacher education to analyze and design systems through reverse engineering. In 

International Conference EduRobotics 2016 (pp. 122-132). Springer, Cham. 

Zhong,  B.,  Kang,  S.,  &  Zhan,  Z.  (2021).  Investigating the  effect  of  reverse engineering  pedagogy  in  K‐  12  

robotics  education. Computer Applications in Engineering Education, 29(5), 1097-1111. 

https://doi.org/10.1207/s15326934crj1801_2
https://doi.org/10.1207/s15326934crj1801_2


International Journal of Computer Science Education in Schools, November  2024, Vol. 7, No. 1 

ISSN 2513-8359 

 

 

Appendix 1. Robotics Problem Solving Rubric (RPS-Rubric) 

 

Robotics Problem- Solving 

dimensions 

Criteria 

Recognizing the problem Can s/he understand the given scenario and explain it in his/her own words? 

Reasoning Does it offer alternative ideas to find solutions? 

Creating alternatives Can s/he implement his/her solutions ideas? 

Applying the solution Can s/he create new projects by making changes in the design s/he applies? 

Sharing Can s/he share the design s/he created with his/her classmates? 

 
 

Appendix 2. Questions about Problem Solving 

Robotics Problem-Solving 

How can this design be done differently? Can this robot run using different codes? Can this designed piece be made more 

functional? What kind of innovations does the design and code part of the redesigned robot include compared to the first 

designed robot? Can you introduce the redesigned robot to your classmates? 

 

Appendix 3. Questions about Creativity 

Creativity 

Can you explain the given scenario in your own words? Does it offer alternative ideas to reach solutions? Can you 

implement your ideas?, Can you create new projects by making changes in the design you applied? Is its design/coding 

successful or not? Can you share the design you created with your classmates? 

 

 

 

 


	Table 2. Example questions and evaluations about robotics problem-solving rubric

