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ABSTRACT

This study examines the impact of educational robotics and cross-age peer tutoring in primary education and focuses
explicitly on the outcomes for tutors and tutees. Forty students from a public school in a European country participated, 
with fifth graders as tutors and fourth graders as tutees. Using the LEGO Education SPIKE Prime Set, both groups showed 
significant improvement in computational thinking after nine hours of learning with educational robotics activities.
A quasi-experiment research procedure was followed to collect quantitative and qualitative data. The results indicate that 
peer tutoring was effectively used as a learning strategy to promote computational thinking through educational robotics 
activities. Implications for future research are provided.
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1. INTRODUCTION

Educational robotics (ER) activities in classrooms are on the rise, aimed at developing 21st-century skills 
(Chevalier, 2020). ER promotes learning through engaging pedagogical activities that include active robot 
participation (Angel-Fernandez & Vincze, 2018) and holds significant promise for enhancing Computational 
Thinking (CT) in primary school children (Ching & Hsu, 2023).

Peer tutoring (PT) is a structured learning strategy in which one student tutors another, aiming at mutual 
benefits (Topping, 2000). Due to their recent experiences and relatable communication styles, students often 
mediate learning more effectively than adults (Alegre et al., 2019). PT has shown academic and non-academic 
advantages across various educational levels (Ain et al., 2023). It has been applied in subjects like Language 
(Thurston et al., 2021; Xu et al., 2008), Mathematics (Thurston et al., 2020; Alegre et al., 2019), Music 
(Fernández-Barros et al., 2023), Sciences (Zeneli & Tymms, 2015), and education for minority students 
(Barahona et al., 2023). The benefits of PT include improved academic performance, self-esteem, social skills, 
and positive student relationships (Alegre et al., 2019; Ain et al., 2023; Barahona et al., 2023; Thurston et al., 
2021). While positive impacts on both tutees' and tutors' academic performance have been observed (Alegre et 
al., 2019), there is no unanimous agreement. Research by Thurston et al. (2021) suggests more significant 
benefits for tutors, indicating a need for further study. The literature review reveals further gaps in the research. 
Alegre et al. (2019) note that most PT studies focus on same-age groups and academic performance, with less 
emphasis on other forms. Additionally, there is a lack of research on using PT to develop CT using ER, thus
presenting an opportunity for future research.

This study aims to evaluate the effectiveness of peer tutoring in the context of robotics education in primary 
education and examines the outcomes for both tutors and tutees. The research questions are:

1. Does student performance in computational thinking tests differ according to their role (tutors or 
tutees) in educational robotics activities using peer tutoring?

2. What benefits do tutors and tutees perceive they gain from participating in educational robotics 
activities with peer tutoring?
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The lack of research on using PT in ER to develop CT highlights the importance and necessity of this study. 
Practically, the study offers guidelines and advice for cost-effective implementation of ER in elementary 
schools using PT. Theoretically, it investigates the effects of PT in ER courses, providing data to address 
current research gaps related to the teaching and development of CT.

2. LITERATURE

2.1 Educational Robotics and Computational Thinking

ER activities are connected to Papert's constructionist theory and the concept of learning by making (Papert 
& Harel, 1991). Robots are cognitive tools that facilitate practical, interactive learning, allowing students to 
test hypotheses, receive immediate feedback, and better understand abstract concepts and problem solving 
(Chevalier et al., 2020).

It is reported that ER is increasingly utilized in primary classrooms to cultivate CT (Chevalier et al., 2021). 
Wing (2006) defines CT as solving problems, designing systems, and understanding human behavior through 
computer science principles. Wing (2006) emphasizes that CT is an essential skill for everyone and should be 
included in primary education. CT encompasses abstraction, generalization, decomposition, algorithmic 
thinking, and debugging (Angeli, 2022). Abstraction focuses on identifying the essential features of an object, 
generalization involves creating solutions applicable to various problems, decomposition breaks down 
problems into smaller parts, algorithmic thinking involves writing step-by-step instructions, and debugging 
entails identifying and correcting errors (Piedade & Dorotea, 2023). Additionally, critical elements of CT 
include the algorithmic concepts of sequencing (writing an algorithm) and flow of control (Angeli, 2022).

In the context of primary education students, it is critical to avoid student frustration often caused from 
challenging hardware and software (Ching & Hsu, 2023). Thus, it is of utmost importance to use
age-appropriate robotics kits in the context of systematic interventions to avoid trial-and-error attempts and 
allow the maximization of learning and CT development for all learners (Chevalier et al., 2020).

2.2 Peer Tutoring: from Theory to Practice

theoretical frameworks that emphasize social 
interaction, active learning, and the social construction of knowledge. Vygotsky's theory (1978), particularly 
the Zone of Proximal Development, underscores cognitive development through interactions with more 
knowledgeable peers (Akpan et al., 2020).

The Theory of Social Interdependence (Johnson & Johnson, 2013) focuses on structured group activities 
where learning and success hinge on collaborative efforts. By just grouping students, it does not guarantee 
effective collaboration; it requires more than just grouping such as setting common goals and cooperative 
actions. Johnson and Johnson (2013) identified five essential elements for successful cooperative learning: 
positive interdependence, where group members depend on each other to achieve their goals; individual and 
group accountability, ensuring personal and collective responsibility; promotive interaction, where members 
encourage and support each other; the appropriate use of social skills, including effective communication and 
teamwork; and group processing, which involves reflecting on group performance to enhance future outcomes.

tutees with fixed or reciprocal roles. The implementation can vary based on the students' ages and abilities, 
including same-age groups, similar abilities, or cross-age tutoring where older students serve as tutors for 
younger students (Thurston et al., 2020; ul Ain et al., 2023). The latter was the focus of this study.
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3. METHODOLOGY

3.1 Participants

The study included 40 students from a public elementary school in a European country. Twenty-two fifth 
graders, all 11 years old, acted as tutors, while eighteen fourth graders, aged 10, were the tutees. The 
fifth-grade students participated in learning activities guided by their classroom teacher. None of the 
participants had prior knowledge of educational robotics.

Tutor-tutee pairs were created based on academic performance in Mathematics and Language lessons, with 
students ranked from highest to lowest in each grade and paired with same ability students. Due to the 
difference in grade sizes, four groups consisted of one tutee and two tutors. Once formed, these groups 
remained consistent throughout the intervention to maximize interactions and benefits (Thurston et al., 2021).

3.2 Data Collection Methods 

Eight pairs of tutors and tutees with varying academic performances were chosen for the interviews, making a 
total of 16 children. This maximum variation sampling was intended to encompass a wide range of cases for 
the study.
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Phase 1: 

Administration 
of CT pre-test

45 min

Phase 2: 

Tutors training 
by teacher

Phase 3:

Tutees training 
by tutors

Phase 4: 

Administration 
of CT post-test

45 min

Phase 5:

Conducting 
interviews 
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5. DISCUSSION
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APPENDIX

Table 3. Interview Protocol for Tutors

Questions and Probes

1 Today we did robotics with our class along with the 4th-grade students. How did you find the activity we did? What did 
you like? What didn't you like?

2 Did you previously know (name)with whom you collaborated in robotics activities? Describe the relationship you had 
until now.

3 You had the role of tutor, which means you had to teach a student at our school some robotics exercises. How did you 
find this role? What did you like? What didn't you like?

4 Did you encounter any difficulties teaching your tutee? What was the most challenging for you?
What did you do to solve this problem?

5 How did you do in the end?
6 How important is your role in this collaboration?
7 What benefit did you gain?
8 Do you want to continue the robotics lessons?
9 What would you like to keep the same and what would you like to change?

Table 4. Interview Protocol for Tutees

Questions and Probes

1 Today we did robotics with the 5th-grade students. How did you find the activity we did? What did you like? What didn't 
you like?

2 Did you previously know (name)with whom you collaborated in robotics activities? Describe the relationship you had 
until now.

3 Today you had a student at our school as your tutor. How did you find this role? What did you like? What didn't you 
like?

4 Did you encounter any difficulties having a student as your tutor? What was the most challenging for you?
What did you do to solve this problem?

5 How clear were the instructions from your tutor?

6 How did you do in the end?
7 How important is your role in this collaboration?
8 If you had the choice to be taught by a teacher like me or a student of the school, what would you choose?

9 What benefit did you gain?
10 Do you want to continue the robotics lessons?
11 What would you like to keep the same and what would you like to change?
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