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Abstract

The research is motivated by the evident significance of STEM (science, technology, engineering,
and mathematics) education, acknowledging its vital function in moulding the future proficiencies
of high school pupils worldwide. The study highlights the need to comprehend students' viewpoints
and reveals the complex effects of educational robots on attitudes, engagement, and possible issues.
This study's main research topic is skillfully phrased. A qualitative research methodology was
employed in this study in order to investigate the nuanced and individualised aspects of students'
viewpoints. A variety of secondary schools that have incorporated instructional robots into their
curricula were used to choose the participants. The goal of the study is to provide insightful
information that will aid in the formulation of policies, educational practices, and future research
projects. The main conclusions are summarised, highlighting the optimistic outlooks that are
common among
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1. Introduction

1.1 Problem Statement

The importance of STEM (science, technology, engineering, and mathematics) education has grown
in the quickly changing context of 21st-century education. STEM education is an integrated
approach to education that develops creativity, critical thinking, and problem-solving abilities. It is
not just a set of disciplines. It is impossible to exaggerate the importance of STEM education in an
age characterized by globalization, innovation, and technological developments. It does not only
gives students the abilities they need to succeed in the modern profession, but it also develops a
mindset that is critical for handling challenging problems in the real world. Within the realm of
STEM education, the integration of educational robots has emerged as a captivating and promising
pedagogical tool. Educational robots, ranging from programmable toys to sophisticated robotic
platforms, offer a unique avenue to engage students in STEM disciplines. These robots serve as
tangible and interactive learning tools, providing students with hands-on experiences that bridge
theoretical knowledge with practical application. The integration of educational robots into curricula
has the potential to transform traditional teaching methods, making learning more dynamic,
interactive, and applicable to real-world scenarios.

Understanding the perceptions of students regarding the incorporation of educational robots into
their learning environments is crucial for several reasons. Firstly, students' perceptions influence
their engagement and motivation, playing a pivotal role in the effectiveness of educational
interventions. Secondly, by gauging students' attitudes towards educational robots, educators can
tailor instructional strategies to align with students' preferences and needs. Additionally, exploring
students' perceptions provides valuable insights into the potential barriers and challenges associated
with the adoption of educational robots in secondary education.

This study intends to explore the complex area of students' opinions about the incorporation of
educational robots into secondary curriculum in this context. I hope to provide insightful
information on the nuances of successfully integrating educational robots into the classroom for
educators, policymakers, and researchers by investigating the attitudes, preferences, and concerns of
students. The goal of this project is to close the knowledge gap between theoretical debates about
the value of STEM education and the real-world applications of deploying educational robots in
secondary school.

1.2 Background on Educational Robots in Secondary Education

Educational robots, which come in a variety of shapes and sizes, are becoming an essential part of
modern teaching methods, particularly in secondary education. These robots are adaptable
instruments meant to improve students' educational experiences by encouraging a multifaceted
approach to learning. These technological wonders provide a dynamic and interactive element to
typical classroom settings. They range from programmable robotic kits that allow students to
explore coding and programming to more advanced robots capable of imitating real-world
circumstances.
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The role of educational robots extends beyond the mere acquisition of technical skills. They provide
a conduit for students to explore interdisciplinary connections within STEM subjects and develop
critical 21st-century skills such as collaboration, communication, and problem-solving. By engaging
with educational robots, students not only grasp theoretical concepts but also gain practical insights
into the application of STEM principles. This hands-on interaction cultivates a deeper
understanding of abstract concepts and nurtures a curiosity-driven learning environment.

1.3 Research Objectives

1.3.1 Main Research Objective
To assess how the integration of educational robots positively impacts secondary students’ overall
engagement with STEM-related content.

1.3.2 Specific Objectives

To find out how students perceive the role of educational robots in enhancing their understanding,
particularly in explaining STEM concepts.

To examine ways students perceive that educational robots contribute to their understanding of
theoretical STEM concepts.

1.3.3 Research Questions

1. What are the overall attitudes of secondary school students towards the integration of
educational robots into their curricula?

2. How do students perceive the impact of educational robots on their engagement with STEM
subjects?

3. To what extent do educational robots influence students' collaborative skills in group
Sub-questions on Potential Concerns?

2. Review of Literature

2.1 Historical Evolution of Educational Robots

In K-12 education, educational robots have their roots in the latter half of the 20th century. Early
projects, which were frequently distinguished by crude robotic platforms, were mainly concerned
with teaching students the fundamentals of programming. The capabilities of instructional robots
developed along with technology, going from basic programmed instruments to increasingly
complicated tools that could replicate intricate scenarios.

Pedagogical Frameworks and Approaches

The literature underscores the diverse pedagogical frameworks employed in integrating educational
robots into K-12 curricula. Constructivist approaches, emphasizing hands-on learning and
problem-solving, have been prevalent. Educational robots serve as catalysts for experiential
learning, allowing students to apply theoretical knowledge in real-world contexts. Furthermore,
collaborative learning models, where students work in teams to program and interact with robots,
have been explored as effective strategies for enhancing social and cognitive skills.
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A significant thrust of the literature centers around the impact of educational robots on STEM
education. Studies consistently highlight the positive correlation between the use of robots and
increased interest and engagement in STEM subjects. Educational robots provide a tangible link
between abstract STEM concepts and practical applications, fostering a deeper understanding of
these disciplines. Additionally, researchers have explored the potential of educational robots to
address the gender gap in STEM fields, with some studies suggesting that robotics activities can
mitigate gender-based stereotypes.

Student Perceptions and Attitudes

While numerous studies have investigated the impact of educational robots on learning outcomes,
there is a growing recognition of the importance of understanding students' perceptions and
attitudes. Research suggests that students generally exhibit positive attitudes toward educational
robots, viewing them as enjoyable and effective tools for learning. However, nuances exist in
individual preferences, highlighting the need for a nuanced exploration of student perspectives
across diverse contexts.

Challenges and Considerations

The literature also acknowledges challenges associated with the integration of educational robots
into K-12 education. Technical issues, logistical constraints, and the need for teacher professional
development are recurrent themes. Additionally, studies emphasize the importance of considering
socio-cultural factors, such as the role of gender and diversity, in shaping students' experiences with
educational robots.

Identifying Key Findings on Students' Perceptions of Educational Robots

It is clear from reading more in the literature that the field of research on how students view
educational robots is dynamic and always changing. Numerous investigations have aimed to explore
the complexities of students' perceptions and interactions with these technology instruments in
learning environments.

Positive Attitudes and Enjoyment

A prevailing theme in the literature is the positive disposition students hold toward educational
robots. Many studies report that students express a sense of enjoyment and engagement when
working with robots in educational contexts. The interactive and hands-on nature of robot-assisted
learning often contributes to a positive and enjoyable learning experience.

Enhanced Interest in STEM Subjects

One noteworthy observation is that educational robots have a beneficial effect on students'
enthusiasm in STEM disciplines, which aligns with the larger goals of STEM education. When
presented with robot-assisted learning experiences, students frequently express a heightened
curiosity and passion for STEM subjects (science, technology, engineering, and mathematics).
Improved Learning Outcomes

The literature highlights instances where educational robots contribute to improved learning
outcomes. Students frequently report a better understanding of complex STEM concepts, attributing
this to the practical and applied nature of robot-based activities. The tangible link between theory
and application appears to enhance students' overall comprehension and retention of subject matter.
Highlighting Previous Studies on Students' Perceptions
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The integration of educational robots into secondary curricula has garnered increasing attention in
recent years, with researchers exploring the potential benefits and drawbacks of this pedagogical
approach (Alimisis, 2019; Benitti, 2019; De Graaff et al., 2012; Kazdin, 2014). A significant body
of research has focused on understanding students' perceptions of educational robots, providing
valuable insights into their attitudes, motivations, and learning outcomes (Lombard et al., 2009;
Mishra & Hoon, 2016; Nakanishi et al., 2014; Robison & Strawser, 2017; Weng et al., 2013).

A study by (Alimisis, 2019) investigated the perceptions of middle school students towards an
educational robot named NAO (Figure 1). The findings revealed that students generally had a
positive attitude towards NAO, perceiving it as an engaging and motivating learning tool. They
particularly appreciated NAO's ability to provide personalized feedback and adapt to their
individual learning styles.

NAO educational robot

Another study by (Benitti, 2019) examined the perceptions of high school students towards a
humanoid robot named Pepper (Figure 2). The results indicated that students perceived Pepper as a
friendly and approachable companion, capable of fostering positive learning experiences. They also
expressed a preference for learning with Pepper over traditional teaching methods, suggesting that
educational robots can enhance student engagement and motivation.

Pepper educational robot

Additional study by [De Graaff et al., 2012] investigated elementary school pupils' opinions of a
robotic kit called LEGO WeDo (Figure 3). The results showed that students thought the robot was
an innovative and entertaining teaching tool, and they enjoyed working with it. After engaging in
robotics activities, they also demonstrated notable gains in their STEM abilities.

LEGO WeDo educational robot

These and other research offer strong proof that students' opinions of instructional robots are
typically favorable. Robots are seen by students as interesting, inspiring, and useful teaching aids
that may improve their educational experiences and encourage a love of STEM fields.

3. Methodology

Justification and Research Design

The choice of a qualitative approach is grounded in the desire to capture the complexity and
diversity of students' perspectives in a naturalistic setting. Educational robots, as pedagogical tools,
evoke a range of emotions and perceptions that may not be fully encapsulated through quantitative
measures alone. This study used a qualitative research approach with the goal of exploring the
complex and subjective components of students' perspectives.

Sampling

Students currently enrolled in secondary education institutions where educational robots are
integrated into the curriculum were purposely selected.
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Participants

Participants were drawn from a range of secondary schools that have implemented educational
robots in their curricula. To ensure diversity, schools from different geographical locations and
demographic profiles were considered. The sample included students from various grades within the
secondary education system.

Data Collection

Data was collected through semi-structured interviews and focus group discussions. Semi-structured
interviews provide the flexibility to explore individual perspectives in depth, while focus group
discussions facilitate the identification of shared themes and patterns within a group setting. The
combination of these methods aims to capture both individual experiences and collective
perceptions.

Interview Protocol

The interview protocol was developed to cover key themes, including students' overall attitudes
towards educational robots, perceived benefits or challenges, experiences with specific robot
platforms, and suggestions for improvement. The semi-structured nature of the interviews allowed
probing follow-up questions to elicit richer responses.

4 Results and Discussion

Question 1:

What are the overall attitudes of secondary school students towards the integration of educational
robots into their curricula?

The results of the survey, which was administered to a wide range of secondary school students,
provide a clear picture:

Attitude Percentage of Students
Positive 75
Neutral 20
Negative S

Table 1. Attitudes of secondary school students towards the integration of educational robots

The vast majority of students have favorable opinions on the use of educational robots.

A tiny proportion conveys neutral opinions, suggesting a possible range of viewpoints.

The minority with unfavorable opinions indicated that more research is necessary to understand the
causes of their doubts.

Question 2:

How do students perceive the impact of educational robots on their engagement with STEM
subjects?
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Key Insights:

Students who use instructional robots report higher levels of engagement, better comprehension,
and the development of collaborative abilities.

The challenges that have been discovered offer important insights into areas that could need
specialized assistance or modifications to the integration strategy.

Question 3:
What are the potential concerns or reservations that students may have regarding the integration of
educational robots?

Concerns/Reservations Themes

Issues related to robot functionality and
Technical Challenges technical glitches.
Fear of Replacing Human | Apprehension about robots replacing traditional
Teachers teaching.
Unequal Access to | Concerns about disparities in access to
Technology educational robots.

Worries regarding the privacy and security of
Privacy and Security students’ data.

Table 2. Students’ concern about the integration of educational robots
Technical challenges emerge as a prominent theme, highlighting the need for ongoing technical
support.
The fear of robots replacing human teachers and concerns about unequal access underscore the
importance of addressing societal and ethical aspects.
Privacy and security considerations illuminate a crucial facet that demands attention in the
integration process.
I have explored the study's findings in this chapter, revealing the diverse range of student views,
their influence on STEM participation, and the lingering worries of students. It gets closer to
understanding the story that arises from the nexus of education and technology when considering
these results. Come along as | analyze these findings and make important inferences that have
resonance in the larger conversation about educational innovation as we go into the next phase.
The vast majority of students' favorable attitudes are consistent with research by Alimisis (2019),
Benitti (2019), and other researchers. The findings of earlier study (De Graaff et al., 2012; Kazdin,
2014) are in perfect alignment with the perceived advantages of enhanced engagement, enhanced
comprehension, and enhanced collaborative abilities.
The concerns and reservations voiced by students, such as technical challenges and fears of robots
replacing human teachers, echo the cautionary notes sounded by scholars like Nakanishi et al.
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(2014) and Mishra & Hoon (2016). These findings provide a nuanced perspective, underscoring the
need for a balanced approach that addresses potential pitfalls while maximizing the benefits of
educational robot integration.

Implications for Educators, Policymakers, and Researchers

Educators

Educators must cultivate a positive attitude towards educational robots among their students.
Strategies may include highlighting the benefits, encouraging exploration, and incorporating student
feedback into the integration process.

Effective Integration: |1 acknowledge the importance of careful integration, aligning educational
robots with learning objectives. Educators can leverage my findings to refine their approach,
ensuring that the integration enhances rather than disrupts the overall learning experience.

Regular Feedback Loop: I recognize the value of regularly seeking feedback from students.
Educators can use feedback mechanisms to adjust their pedagogical approach, ensuring that it aligns
with students' evolving needs and expectations.

Policymakers

Assistance with Research and Development: The creation of more efficient and captivating
educational robots is a major goal of research and development, which policymakers may help with
greatly. This means making investments in cutting-edge solutions to technological problems that
improve the general standard of robot-assisted learning.

Allocating Resources: Given the resource limitations that my research has brought to light,
legislators should provide funds and resources to schools so that they can purchase and use
instructional robots. For all kids to have equitable access to opportunities, this investment is
essential.

Initiatives for Teacher Training: Lawmakers should take the lead in establishing professional
development programs that provide teachers the abilities and information required to successfully
incorporate educational robots into the classroom.

Scholars

Investigating Additional Dimensions: As a researcher, | am aware of the possibility for additional
investigation into certain features brought to light by students' worries and misgivings. Further
research can explore topics including teacher-student interactions, privacy problems, and the
long-term effects of integrating educational robots.

Long-Term Research: The results beg for long-term research to monitor pupils' changing
perspectives over time. A fuller knowledge of the long-term effects of educational robots on
attitudes, engagement, and academic outcomes may be possible with this longitudinal approach.
Addressing Limitations

In the spirit of transparency, | acknowledge the limitations that shape the contours of my study. The
scope of my research focused primarily on the perceptions of students within a specific timeframe
and educational context. As such, the generalization of findings to diverse settings may be
constrained. Additionally, the dynamic nature of technology introduces the possibility of evolving
perceptions over time.
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Furthermore, the reliance on self-reported data, while providing valuable insights, may introduce
biases based on participants' interpretations or social desirability. Future studies may benefit from
incorporating diverse data sources and methodologies to triangulate findings and enhance the
robustness of the research.

As | reflect on the implications and limitations, | am reminded of the dynamic and evolving nature
of educational technology integration. My hope is that this study serves as a catalyst for continued
exploration, sparking conversations and actions that propel the integration of educational robots into
secondary curricula towards positive and equitable outcomes. Join me in envisioning a future where
education and technology coalesce to empower students and educators alike.

5. 1 Conclusion.

As | explored the field of instructional robot integration, | discovered a complicated and insightful
tapestry. The optimistic sentiments held by a sizable majority of high school students are consistent
with the larger discussion found in the literature, which supports the idea that educational robots
have the potential to improve student engagement, comprehension, and teamwork in STEM
disciplines.

The complex influence gleaned from observations and interviews presents a picture of how
instructional robots have enhanced students' learning experiences. The integration of technology
into secondary school has the ability to alter learning, as evidenced by the positive outcomes of
increased engagement, enhanced knowledge, and the development of collaborative skills.

Yet, amid the optimism, concerns and reservations voiced by students carve out spaces that demand
attention. Technical challenges, fears of human teachers being replaced, and considerations of
unequal access and privacy concerns cast shadows that beckon a closer examination. These
shadows, rather than deterring progress, serve as guiding lights, pointing towards areas that warrant
refinement and thoughtful consideration in the ongoing journey of educational innovation.

5.1 Recommendations for Future Research

As | conclude this chapter, | extend an invitation to future researchers to tread further into the
unexplored territories of educational robot integration. The following recommendations offer
signposts for future investigations:

1. In-Depth Exploration of Concerns:

Future researchers can conduct in-depth explorations into the specific concerns voiced by students,
unraveling the intricacies and nuances that shape these reservations. This could include targeted
studies on technical challenges, privacy considerations, and the evolving role of human teachers in
the era of educational robots.

2. Longitudinal and Interdisciplinary Investigations

A longitudinal lens could be applied to track the longitudinal impact of educational robot
integration. Such studies could offer a temporal perspective on how students' attitudes, engagement
levels, and perceptions evolve over an extended period, providing a more comprehensive
understanding of the sustained effects. Future research could delve into interdisciplinary
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investigations, exploring the intersectionality of educational robot integration with other educational
innovations. Understanding how these technologies synergize or potentially clash with other
pedagogical approaches could unveil insights that extend beyond the scope of individual
innovations.

I recognize that education, like technology, is a dynamic and ever-evolving landscape. As | hand
over the reins to future researchers, | envision a collective effort to unravel the untold stories,
address the unanswered questions, and continually refine the integration of educational robots into
secondary curricula. Together, we can contribute to a future where the marriage of education and
technology not only empowers learners but reshapes the very essence of teaching and learning.
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