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Understanding AI Support Needs in High School Robotics Education
(RTP)

Abstract

This research-to-practice paper examines how high school robotics teachers and Al tool
developers conceptualize the use of Al in supporting teaching and learning. Robotics
education at the high school level can support problem-solving and creativity, thereby
contributing to students’ interest in engineering. However, integrating robotics into classroom
instruction presents instructional design challenges. As artificial intelligence becomes more
visible in educational technologies, it is necessary to examine how key stakeholders interpret
its role in robotics learning environments. The study was guided by the research question
focused on stakeholders’ views of AI’s role in high school robotics education. Data were
collected through three focus group discussions centered on an Al tool under development for
integration with the XRP robot kit. Participants included fifteen high school robotics teachers
across three groups and two Al tool developers who participated in all discussions.
Transcripts were analyzed using inductive coding, followed by thematic clustering. Findings
indicate that participants viewed Al as a tool for enhancing instructional design through
support for curriculum development, project ideation, and access to credible learning
resources. Al was also described as a real-time learning assistant that could aid debugging,
scaffold problem solving, and respond to robotics-specific technical demands. Participants
further noted AI’s potential to reduce teacher workload through administrative support,
automated assessment, and personalized feedback. At the same time, they stressed the need to
develop students’ critical Al literacy and responsible use practices. These findings offer early
insights to inform the design of Al tools that are aligned with robotics instruction and
classroom needs.

Introduction:

Artificial intelligence (Al) 1s rapidly becoming an inseparable part of daily life. Few fields
remain untouched by Al and machine learning, and education is no exception. Al has
significant potential to transform teaching and learning processes [1]. Numerous studies have
examined both the benefits and challenges of integrating Al in education, and several reviews
have synthesized its overall impact [2], [3], [4].

Although Al adoption initially gained prominence in engineering and technology education,
its influence has now expanded across a wide range of university-level disciplines. However,
beyond a handful of studies exploring its use in high school education [2], the integration of
Al into high school STEM contexts remains limited. Within this domain, applications of Al in
high school robotics education are even scarcer.

Robotics education at the K—12 level has gained significant momentum in recent years,
supported by government policies and funding opportunities [5]. By providing hands-on
STEM exposure, fostering critical thinking, and creating pathways to engineering careers,
robotics serves as an early gateway for engaging with emerging technologies [6], [7]. With
the rapid rise of Al, policymakers in the United States have also begun emphasizing its
integration into schools. For instance, the current administration issued an executive order in
2025 to advance Al education for American youth, followed by federal guidance encouraging
schools to use Al responsibly for tasks such as tutoring, personalized learning, and career
advising [8]. Many U.S. states have begun issuing guidance related to the use of Al in K—12
education [9]. Globally, UNESCO has stressed the importance of human-centered and



equitable approaches to Al in education [10], [11]. Together, these developments highlight the
growing recognition of Al and robotics as essential components of modern STEM education.
Integrating Al appropriately into robotics education offers unique opportunities such as
assisting with real-time problem-solving, providing adaptive feedback, and supporting
automation and critical thinking skills among students.

To address this gap, the e4usa+FIRST Phase II project initiated efforts to implement Al in
high school robotics curricula. The e4usa+FIRST program has steadily advanced in creating
classroom models and accessible resources to broaden participation in engineering [12].
Teachers have engaged with multiple blended models, including curricular, extracurricular,
co-curricular, sequential curricular, and concurrent curricular models offering flexibility
across diverse school contexts [12], [13]. One of the program’s most significant outcomes has
been its impact on access: enabling more schools, teachers, and students to participate in
engineering and robotics education [14].

A notable advancement has been the development of the eXperiential Robotics Platform
(XRP), an affordable, open-source classroom resource. Teachers are now able to purchase
low-cost individual kits for their students. The kits are designed to perform basic tasks,
require no specialised tools, and include easily 3D-printed replacement parts. Moreover, the
platform offers online programming lessons through open-source software, lowering barriers
for both teachers and learners.

While robotics education through this project has already made substantial progress, the
emergence of Al offers new opportunities to further enhance it. Potential applications include
providing timely support when teachers and students encounter hardware or software issues
and assisting novice teachers and learners who may struggle to articulate technical problems.
Since teachers are at the center of this initiative, understanding their requirements, together
with the perspectives of developers, is essential to designing Al tools that are both relevant
and practical for classroom use.

The current study addresses this need by exploring the requirements and expectations for Al
tools in high school robotics education, as identified by both teachers and Al tool developers.
Specifically, the research question guiding this study is:

How do teachers and Al tool developers conceptualize the role of Al in supporting
teaching and learning in high school robotics education?

This paper provides insights for teachers and administrators in high school education, as well
as for developers working to implement Al in robotics education. It contributes to the
ongoing conversation about how Al can support and expand opportunities in robotics learning
at the high school level.

Methods:

This research study followed an inductive qualitative approach with thematic analysis. The
subsequent paragraphs explain in detail the participant details, data collection methods, and
data analysis procedures used.

Participants

The participants included 16 high school teachers involved in robotics education from
multiple schools across the United States, along with two developers. Demographic
information for the teachers and developers is presented in Table 1. Teachers represented two
cohorts corresponding to the first and second years of the project. Teachers were recruited



through a nationwide open call requiring an application. The same two developers
participated in all three discussions. The two developers were White males who were
members of the project team and educators with more than 25 years of experience teaching
robotics. One developer was a retired university professor, and the other was a collaborator
affiliated with a nonprofit organization.

Table 1: Participant demographic details

Teacher S1. No State Years of Experience Gender
1 AZ 20 Female
2 MD 29 Female
3 HI 17 Male
4 uT 13 Male
5 VA 24 Male
6 AZ 11 Female
7 MA 23 Male
8 MA 20+ Female
9 RI 11 Male
10 VA 10 Male
11 TN 13 Female
12 TN 30 Male
13 CA 7 Male
14 MD 22 Male
15 TN 20 Female

Data Collection

Data was collected through focus group discussions, which were part of the planned
Community of Practice (CoP) sessions as a part of the project. The CoP sessions discuss
various aspects of the project, including the implementation of robotics lessons, teacher
feedback, and interactions among fellow teachers to build a community of robotics teachers.
One such session with each cohort of teachers was utilized for the discussion on Al usage in
robotics education. A total of three discussions were conducted with 6 teachers in the first
discussion, belonging to cohort 1, 5 teachers and 4 teachers of cohort 2, divided into two
groups in the second and third discussions. Initially, the developers began by sharing their
perspectives on a potential Al tool to be integrated with XRP. Later, teachers and developers
mutually discussed their opinions and perspectives about different aspects of the utilization of
Al within robotics education. The discussions were conducted via Zoom meetings, which
were recorded and eventually transcribed. The transcripts were cleaned and anonymized and
later used for analysis.

Data analysis

The cleaned and anonymized data were analyzed using a generic inductive qualitative
approach with thematic analysis. Statements from teachers and developers were coded to
examine how Al was described in robotics education. The initial coding was conducted by
the first author and subsequently reviewed by the second author to check for accuracy and
consistency. The resulting codebook was then analyzed to identify emergent themes.



Results:

The qualitative analysis yielded 4 themes: AI-Supported Instructional Design and Delivery,
Real-Time Learning and Performance Support, Differentiated Support for Teachers and
Student and, Developing Critical Al Literacy and Ethical Use. Table 2 presents the emergent
themes and their corresponding codes. The subsequent paragraphs discuss the themes in
detail.

Table 2: Themes and codes

Theme Code
Al-Supported Instructional Design and  |Dynamic Curriculum Design Using Al
Delivery Al-Generated Project Ideas

Al for Research Skill Development

Enhancing Al Accuracy through Preloaded
Instructional Content

Al Support Using Specialized Models

Al Support for Identifying Foundational

Knowledge Gaps
Real-Time Learning and Performance Al-Based Performance Support
Support Context-Aware Al Support for Robotics
Programming

Al-Guided Student Scaffolding

Interactive Al Debugging via Screen Sharing

Al Effectiveness with Informal Problem
Descriptions

Hardware-Driven Al Applications in Robotics

Collaborative work with Al

Differentiated Support for Teachers and |Al-Enabled Administrative Support

Student Al-Assisted Real-Time Grading with Rubrics

Personalized Student Engagement

Support for Non-Specialist STEM Teachers

Infrastructure Constraints on Student Al Use

Language Accessibility in Al Tools

Using Al to Track Student Progress and Struggles

Developing Critical Al Literacy and Evaluating AI-Generated Information

Ethical Use Responsible Al Use in Student Learning

Concerns about Student Difficulty in Using
Correct Prompts

Teaching Al Model Development

Theme 1: AI-Supported Instructional Design and Delivery

This theme describes how participants discussed the role of Al in supporting the design and
delivery of robotics instruction. Teachers and developers focused on how Al could assist with
curriculum planning, project design, and instructional preparation, specific to robotics
content. Participants described instructional planning in robotics as involving evolving
technical content and platform specific knowledge related to robotics hardware and software.



Developers described Al as a tool that could support curriculum development by drawing on
current industry practices and academic sources. Rather than relying on static instructional
materials, they envisioned Al systems that could help generate or adapt curricula based on
approved and up-to-date sources. One developer described this expectation as follows:

“... Imagine if we could use the tool to pull from industry content, like the chips,
models, software, and tools that are developing all the time... academic research papers
and social media... We could have an Al tool that allows us to develop custom
curriculums... set the parameters and say, here’s what I’m interested in teaching... a
sort of dynamic curriculum generation.”

Teachers similarly discussed Al as a support for instructional planning. Generating project
ideas that emphasize specific programming concepts or robot behaviors can be useful. These
descriptions focused on aligning projects with targeted learning goals rather than automating
instruction. As one teacher explained:

“... Can we have it develop what kind of project I might come up with that would
emphasize these particular commands or this part of the programming... different
projects that would emphasize these particular themes or types of code... trying to get a
certain command about the distance you drive or the turn.”

Participants also described Al as a tool that could identify foundational knowledge gaps
within the curriculum. Developers noted that experienced instructors may assume prior
knowledge when teaching. However, students who are novice learners may not be aware of
missing prerequisites. The potential of Al tools to identify related concepts that support
understanding of programming, particularly control logic and/or hardware behavior, was also
discussed. Teachers also suggested using Al for information seeking rather than for content
generation, such as locating credible sources for research or developing background
knowledge.

Additionally, developers discussed the need for Al to provide contextually accurate
responses. This was discussed within the context of the XRP robot kit, which a generic Al
tool may not be able to help with. Participants discussed preloading Al systems with
instructional materials and user guides so that the Al tool's responses are closely aligned with
the XRP. Building on this, developers also discussed the provision of different AI models
within a single system to support the distinct needs of teachers and students.

In summary, this theme explains developers’ and teachers’ perspectives on how Al tool can
support instructional design and delivery in robotics education, specifically attending to
context-relevant responses.

Theme 2: Real-Time Learning and Performance Support

This theme explains participants’ perspectives on how Al can provide real-time support for
learning by just-in-time assistance. Teachers and developers explained the use of Al tools for
Jjust-in-time assistance with coding, testing, and troubleshooting the robotic systems.

Developers highlighted the immediate technical assistance for programming and electronics-
related tasks. They emphasized the usefulness of Al tools, which can act as an expert to detect
syntax errors, debug code, and suggest corrective actions while students are actively working
with the robotic kits. A developer expressed this perspective in the following quote.

“...These tools can debug coding syntax and give you suggestions... like having a
technical expert on your desk...”



Teachers echoed this perspective by sharing how the Al tools can support multiple students
simultaneously while providing highly individualized feedback, which is challenging for a
single teacher. Al tools were seen as a supplement to the instructor in providing quick
guidance and feedback to students when troubleshooting robotic systems. Teachers also
discussed how Al tools can provide only hints, not exact answers, thereby promoting critical
thinking among students. Such guided scaffolding could help maintain students' interest and
agency and support learners' independent progress. One teacher explained this expectation:

“... Here’s a hint, not the answer... there’s an error on this line... if there was an Al
overlay that would say why... why do we have a semicolon there or a comma...
something that would integrate the why of the Python... here’s a video that explains
what the run feature is...”

Developers added to this perspective by sharing how Al tools can be effective at interpreting
informal or imprecise language and translating it into meaningful technical guidance. This
functionality of Al tools could be very useful for students without technical expertise.

Participants also discussed Al as a collaborative tool during project-based and exploratory
activities. Teachers discussed using Al in creative or research-related tasks, such as exploring
future applications of robotics or co-developing ideas. One teacher said:

“... Iintegrate Al in side projects where students explore the future of robotics...
writing a co essay kind of thing where you and the Al write together... using it in a
researchy way, spot checking code... making sure they are not completely doing it with
the AL but working alongside it...”

These discussions not only place the Al tool as a just-in-time support system but also as a
collaborator that can support exploration and reflection. Developers echoed this perspective
by describing Al capabilities such as screen-based debugging and interpreting user actions
within programming interfaces, such as reading code or visual programming blocks, to
support real-time collaboration between users and Al systems.

In a nutshell, this theme explains participants’ perspectives on the potential of Al tools as a
real-time learning and support system in robotics education, offering technical assistance,
guided scaffolding, and collaborative engagement experiences for students.

Theme 3: Differentiated support for Teachers and Students

This theme explains participants’ perspectives on how Al tools can provide differentiated and
unique support to teachers and students that extends beyond instructional assistance.
Discussions within this theme highlighted the value of Al in addressing constraints on time,
expertise, and access in high school robotics settings.

Teachers come across a significant administrative burden when it comes to project-based
instruction, such as project planning, grading, and logistical and organizational tasks.
Developers noted that Al tools can help teachers streamline routine administrative tasks,
allowing them to focus more on supporting student learning. As one of the developers noted:

“... There are lots of administrative functions, especially in project-based learning...
are there ways we could streamline some of those tasks to make your lives easier...”

Participants also highlighted the significance of Al tools in supporting teachers who are
novices to the field of robotics and programming. Developers and teachers both agreed on the
challenges an inexperienced teacher faces, particularly during instruction within robotics



education. Al was perceived as a resource that can aid teachers to get up to speed quickly by
assisting with debugging and providing just-in-time guidance, as explained by the developer

“...There are a lot of people teaching STEM who may not have experience with
programming or robotics... it’s hard to get help in the moment when questions come
up... that’s where some of these tools come in...”

Teachers described the potential of Al tools to track student activity data, such as repeated
attempts, error patterns, and navigation paths, to identify learning struggles and inform
instructional decisions. These forms of support were described as especially relevant in
classrooms where students work at different paces or focus on different technical roles within
teams.

At the same time, teachers also noted the practical challenges of integrating Al into the
educational system. Teachers noted that these challenges may stem from school-issued
devices such as locked Chromebooks, the school’s policies on internet and Al use, and more.
As a result, teachers shared the view that Al tools can be more beneficial to teachers in the
immediate future, until policies are established for student use in classrooms. As one teacher
explained:

“... My students have Chromebooks that are incredibly locked down... the reality of
students using tools like this anytime soon is limited... it feels more realistic as a tool
for the teacher...”

Overall, this theme reflects participant descriptions of Al as a flexible support system that can
be tailored to different roles and constraints within high school robotics education.
Participants emphasized Al’s potential to support teachers’ capacity, reduce administrative
load, and provide differentiated insight into student progress within existing infrastructural
limitations, along with its potential for direct instructional support.

Theme 4: Developing Critical Al Literacy and Ethical Use

This theme somewhat deviates from earlier perspectives on how Al tools can benefit teachers
and students. Teachers also expressed concerns about Al integration within the education
system. They felt that as Al tools become more prevalent, students need guidance on
accessing Al, evaluating Al outputs, using Al ethically, and understanding its limitations. Al
literacy was framed as an instructional priority rather than as an assumed skill.

One key aspect discussed by the participants was the need for students to critically evaluate
the Al-generated information. While these tools, for the most part, provide accurate
information and useful guidance, there is a chance they can hallucinate and generate incorrect
information. Participants emphasized the need for student learning on Al output evaluation:

“...Sometimes the advice you get is really good... but sometimes these tools
hallucinate... students could learn how to use the tool successfully by not assuming the
answer is 100 percent right, but figuring out what’s right and what’s wrong...”

Teachers also discussed the ethical dimensions of Al use in classroom settings. They
described the issues related to plagiarism and inappropriate reliance on Al tools. Instead of
discouraging the use of Al tools, teachers stressed the need to explicitly teach students how to
use Al responsibly and transparently.

“Some of the students do need to start learning how to use Al... but we also have to
teach them about the plagiarism side... students cheating using Al tools... we’re going
to have to teach them how to use it correctly...”



Participants alternatively emphasized the need for students to learn the concepts
independently before attempting to use Al in their learning. In addition, teachers expressed
interest in helping students understand how Al models are developed and applied, particularly
within robotics contexts. While these ideas were described as aspirational, they reflected a
broader desire to move students beyond surface-level Al use toward a deeper understanding
of how such tools function.

In summary, this theme explained participants’ perspectives on critical Al literacy as an
essential, orthogonal aspect of how Al tools can benefit both students and teachers. These
aspects can become crucial for the effective use of the Al tools being developed.

Discussion and Conclusion

This study examined how high school robotics teachers and Al tool developers perceive Al
integration in robotics education. Across the findings, a consistent pattern emerged.
Participants positioned Al as a support system rather than a replacement for instruction or
expertise. Al’s value was described in relation to the practical constraints that shape high
school robotics classrooms, including limited instructional time, uneven teacher expertise,
and the technical complexity of robotics platforms.

A central insight from this study is the importance of context specificity in Al-supported
robotics education. Prior work has established the role of Al in supporting instructional
design, assessment, and feedback across educational settings [15], [16], [17]. However,
participants repeatedly emphasized that general-purpose Al tools are often insufficient for
robotics contexts. Teachers and developers noted that the usefulness of Al outputs depends
heavily on alignment with specific hardware, programming environments, and user
interfaces. Without such contextual grounding, Al-generated responses were described as less
accurate and less actionable. This finding aligns with emerging work highlighting the need
for context-aware Al systems [18], [19], [20], [21], while also underscoring the limited
availability of such tools within robotics education.

Participants also highlighted the relevance of just-in-time teaching and learning within
robotics education. Providing guidance during task performance is a well-established
instructional approach [22]. Yet teachers described significant challenges in sustaining such
support in classrooms where students work simultaneously on complex and varied projects.
In this study, Al tools were described as having the potential to extend just-in-time support by
offering assistance during active project work, particularly when instructor availability is
limited. Importantly, Al was framed as a means of supplementing instructional support during
moments when timely intervention is difficult to provide consistently through traditional
teaching practices.

Findings also underscore the importance of critical Al literacy in robotics education. Teachers
expressed concerns regarding student overreliance on Al tools, difficulty formulating
effective questions, and ethical issues such as plagiarism and attribution. These concerns
suggest that effective Al integration requires explicit instruction in how Al tools function,
how their outputs should be evaluated, and how they should be used responsibly.

Taken together, these findings suggest several implications for the design of Al tools in high
school robotics education. Al tools should be developed as context-aware systems that are
aligned with specific hardware platforms, programming environments, and classroom
workflows, rather than as generic support tools. They should prioritize usability and
immediacy to support learning during active project work, particularly in settings where
teachers cannot provide continuous individual assistance. In addition, Al tools should be



designed to complement teacher roles by supporting instruction and decision-making without
replacing teachers’ professional judgment about instructional choices and student learning.

Results indicate the necessity and the possibility of a deeper study. Future studies can include
a more detailed needs analysis with teachers and students, who form another important end-
user group of the Al tools. Studies particularly focusing on ethnographic approach while the
students are utilizing the Al tools can provide deeper understanding on how these tools are
being utilized and what are the subtle requirements of Al within robotics education.

This study has several limitations. Teachers represented a range of experience levels with Al,
which shaped the perspectives shared during discussions. In addition, this study focused on
perceived requirements rather than classroom implementation. Future work should examine
how Al-supported tools are used by teachers and students during robotics instruction and how
these tools influence teaching practices and learning experiences over time. The findings
from this study informed the design of an Al-enabled extension to the XRP robotics platform,
illustrating how stakeholder-identified requirements can guide tool development. Ongoing
testing will examine how such integrations are used in practice and how they align with
classroom needs.

In summary, this study contributes a stakeholder-grounded perspective on Al integration in
high school robotics education. The findings indicate that effective Al tools must be context
aware, support instruction and performance without displacing teacher roles, and be
accompanied by explicit attention to responsible use and Al literacy. Together, these
considerations highlight the importance of designing Al tools that respond to the realities of
robotics classrooms rather than relying on generic approaches to Al in education.
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