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design model for remote and
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2School of Educational Sciences, Tallinn University, Tallinn, Estonia, *School of Digital Technologies,
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Introduction: The aim of this article is to provide a report on the development
of a pedagogical design model for the effective adoption of telepresence robots
(TPRs) in synchronous hybrid learning settings.

Methods: Following the design thinking approach, we conducted three qualitative
studies. In the first study, we examined the needs of and opportunities for using
TPRs in education as well as some of the related challenges. This was based
on the personal experiences of six academic staff members in two Estonian
higher education institutions. Building on the first study, we designed a 13-
week synchronous hybrid undergraduate-level course using TPRs. The course
was delivered to six students. Based on the students’ homework and written
feedback, the first prototype of a pedagogical design model was subsequently
developed. In the third study, this model was piloted with 56 teachers by means
of a two-hour hands-on synchronous hybrid workshop.

Results: Based on the teachers’ feedback, the prototype was further improved
and the PEPCIl Pedagogical Design Model was completed. The PEPCII model
comprises six central components that address key barriers to the adoption of
TPR-s in education: Physical Operational and Educational Environment, Ethical
and Cybersecurity Considerations, Cognitive and Physical Limitations, Pedagogical
Integration, Inclusive Access and Engagement, and Instructional Methods.

Discussion: The PEPCII model addresses critical barriers to TPR adoption in
education. Future research is required to validate the model in varied classroom
settings over longer durations, and to assess impacts on engagement and well-
being of TPR users, on-site students, and instructors.

KEYWORDS

telepresence robot, pedagogical design model, synchronous hybrid learning, social
presence, technology acceptance

1 Introduction

Emerging technologies offer many new opportunities for education. At the same time,
adopting them in education constitutes a complex social process that, in order to succeed,
should keep pace with rapid and often unpredictable technological advances. While allowing
for equipping students with advanced skills demanded on the labor market, designing
technology-supported pedagogies and developing the necessary classroom practices require
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a thorough grasp of the educational processes. Ensuring the effective
adoption of new technologies also requires careful consideration of
the stages of learning and environmental factors (Leoste et al., 2021).
Haphazard adoption of new technologies may easily have an effect
quite different from the one expected.

Emerging technologies have been found having a positive effect
on the effectiveness of hybrid learning, particularly with regard to
improving the quality of synchronous hybrid learning. Synchronous
hybrid learning means teaching face-to-face and remote students
simultaneously in real time (Raes et al., 2020). According to Fabian
et al. (2024), the main challenges of synchronous hybrid learning
include students feeling excluded and disconnected from their peers
and experiencing difficulties in collaborating with other students. The
perceived lack of social engagement may lead to the loss of attention
to learning, having a negative impact on learning outcomes. The
central question remains how to ensure the well-being and effective
participation of everybody present in the synchronous hybrid
learning environment.

Telepresence robots (TPRs) constitute a novel remote learning
technology potentially suitable for use in synchronous hybrid learning
environments. The concept of telepresence was first introduced by
Minsky (1980). A TPR can be described as a teleconferencing system
on wheels, providing remotely located participants with a physical
presence in the classroom (Tsui et al., 2011). Compared to traditional
videoconferencing, TPRs offer higher levels of social presence,
allowing remote participants to move around, freely choosing their
position in the room, and dynamically changing their interaction
partners (Cha et al., 2017). Social presence is defined as “the degree to
which a person is perceived as a ‘real person’ in mediated
communication” (Short et al.,, 1976). Such features make TPRs a
promising tool for giving students access to education in times of
emergencies or when access is hindered by health-related or other
issues (Weibel et al., 2020; Page et al., 2021). Despite these benefits, the
adoption of TPRs in education faces several challenges. While some
studies, such as Elmimouni et al. (2024), offer recommendations for
enhancing the TPR-mediated learning experience, most of the
available research focuses primarily on the problems associated with
their technical use. For instance, Perifanou et al. (2022), Velinov et al.
(2021), and Hifner et al. (2023) have discussed various technical
limitations of and challenges related to wusing TPRs in
educational settings.

Kasuk and Virkus (2024) have suggested that to avoid focusing
merely on technical issues and to allow for shifting the attention to
TPR
implementation studies should rely on technology integration

creating learning designs for classroom practices,
frameworks and pedagogical design models. Various such
frameworks and models have been developed for the purposes of
assessing the perceived usefulness of technology in education and the
ease of its integration. Applicable for real life situations, these models
can guide the adoption of new technologies in education as well as in
other organizational settings. Among the literature reviewed by
Kasuk and Virkus (2024), covering the period from 2011 to 2022,
only a few studies (Fischer et al., 2019; Han and Conti, 2020) had
used technology acceptance models. These models included the
Technology Acceptance Model (TAM) by Davis (1989) and the
Unified Theory of Acceptance and Use of Technology (UTAUT) by
Venkatesh et al. (2003). Besides the studies focusing on TAMs
available in the Scopus database, the articles published between 2022
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and 2024 on the use of TPRs in education included the following: (a)
Mascret et al. (2023) used pre- and post-tests as research instruments
to assess how older adults adopt guidance via TPR, relying on TAM
constructs such as perceived usefulness, perceived ease of use,
perceived enjoyment, and the intention to use; (b) Huun and Slaven
(2024) assessed the perceived usefulness and ease of use of technology
by students in simulations, building their study on the respective
TAM constructs; finally, (c) Arthanat et al. (2023) developed a set of
UTAUT-based guiding questions to explore the possibilities of using
TPRs in training older adults in the context of creating
telehealth opportunities.

In addition to using UTAUT and TAM, several available studies
have been guided by the principles of the Technological Pedagogical
Content Knowledge (TPACK) model. TPACK (Mishra and Koehler,
2006) is a framework that helps teachers integrate technology into
their pedagogies by combining content knowledge (understanding the
subject matter), pedagogical knowledge (knowing how to teach
effectively), and technological knowledge (understanding how to use
technology in the classroom). The TPACK framework is particularly
significant as the developers tend to design technological solutions
according to their personal preferences, while overlooking the
pedagogical aspects (McGraw Hill Canada, 2019). The TPACK
framework explains how technology can support teaching, allowing
for presenting content in new ways. Using the TPACK model can
improve educational outcomes, as it ensures that technology is
integrated purposefully and in alignment with pedagogical best
practices, and appropriate for subject-specific content. Teachers with
strong experience in using TPACK are likely to create more engaging,
personalized, and future-ready learning environments that meet
diverse student needs and prepare them for a technology-driven world
(Inan and Lowther, 2010).

In addition to the previously mentioned models, other available
models are specifically designed for adopting TPRs in education.
TRinE (Telepresence Robots in Education) 4D is a four-category
model by Perifanou (2023), describing a pedagogical approach for
adopting TPRs in the classroom while using action research
methodology as its basis. TRinE 4D includes the following pedagogical
factors in adopting TPRs: (a) the educational context, (b) the
educational TR settings, and (c) the teaching methods and tools. The
model consists of the following stages: define (analyze information
regarding the subject and students), describe (describe the number of
participants involved via TPR, the role of TPR-mediated participants,
and the types of TPR), decide (select teaching methods and tools), and
design (plan the process). The model has been designed to support
teachers, instructional designers, and other users in adopting TPRs in
education (Perifanou, 2023). Chan et al. (2022) have developed a 4C
model to adapt TPRs into HyFlex classrooms. The 4C model includes
the following components: content (teaching materials), collaboration
(active learning through collaboration), community (presence and
sense of belonging), and communication (interaction with the teacher
and other students).

Both the 4C and the TRinE 4D models start from the micro level
while adopting TPRs. Perifanou (2023) and Chan et al. (2022)
emphasize while developing their models that the adaptation of TPRs
must consider the subject matter and its specifics, the students and
their needs, as well as cover the selection of teaching methods that
enable the collaboration and TPR-mediated participation, focusing on
content. In the case of both models it remains, however, unclear which
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technology acceptance or adoption model, framework, or theory they
rely on. Neither of the models addresses ethics and cybersecurity
concerns or considers environmental setup issues in their use of TPRs.
While there is limited research available that addresses either
technology acceptance or pedagogical approaches in the context of
TPRs, there is also a notable absence of comprehensive pedagogical
design models that would encompass both approaches specifically for
the purposes of TPRs.

To fill this gap, the research project described in the current article
has aimed to develop such a model for the purposes of a more effective
integration of TPRs into synchronous hybrid learning environments.
The article is organized in the following manner: the second section
outlines the research methodology and describes the empirical
studies, the third section presents the overall results, the fourth section
offers the PEPCII model, the fifth discusses the findings, and the sixth
and final section concludes the study.

2 Empirical studies

The research project presented here was conducted from
October 2023 to July 2024 and included three empirical studies (see
Figure 1) to explore systematically the adoption of TPRs in
higher education.

The first study included interviews with six higher education
teaching staff members from Estonia to explore teachers’
experiences and identify challenges and opportunities in the
adoption of TPRs. Based on the results of this study, we have
developed learning designs supporting the use of TPRs in student
learning. As the next step, the second study piloted the learning
designs in a 13-week synchronous hybrid course, with all students
attending in telepresence mode. In the third and final study, which
relied on the results from the previous studies, we tested the
pedagogical design model prototype by piloting it during hands-on
workshops for teachers. Double 3 (Double Robotics), Ohmni
(Ohmni Labs) TPRs, and the TEMI v3 (Robo TEMI) robot assistant
with the TPR functionality were used in all three studies. In some
cases, the participants already had previous experience using these
particular types of robots.

10.3389/feduc.2025.1554065

The Design Thinking Process (Brown, 2008) served as the guiding
framework structuring the research. While the first study provided
input for understanding teachers’ needs, challenges, and opportunities
in using TPRs in the learning process, the second study offered an
opportunity to test the initial concept of the pedagogical design
model. Testing the learning designs created from the initial
pedagogical design model in the second study further included
students’ expectations, challenges, and opportunities regarding TPR
use in learning. In the second study, we piloted the learning designs
and developed the first pedagogical design model as a result of testing.
During the third study, feedback was gathered for the purposes of the
prototype development, ultimately leading to creating the PEPCII
model. Each study was guided by a relevant research question. Based
on the answers to these questions, we propose our comprehensive
pedagogical design model for integrating TPRs in synchronous hybrid
learning environments.

The validity of the research results is ensured by means of using a
design thinking-based iterative process and three empirical studies
(see Figure 2). We had three connected studies that helped develop the
pedagogical design model. The data collected from the interviews with
the teachers, the students’ reflections and the focus group interviews
combined with the workshops have allowed us to use data
triangulation to strengthen the internal validity of the results. To
ensure constructional value, we applied thematic coding in data
analysis. While prototyping the pedagogical design model, testing and
revising it strengthened the reliability of the research.

To guide our study, we formed the research questions, leaning on
the iterative design thinking-based research process, grounding each
next question in the empirical evidence from the previous stage. The
first research question (RQ1) was a result of the need to find out
practical barriers that were identified during preliminary teacher
interviews, and of the gaps in existing literature about technology
integration in hybrid settings - viewed from the perspective of
technical and pedagogical challenges that teachers encounter with
TPRs. Our goal was to ensure that the next research stages were based
on real-life experience and practical realities. The second research
question (RQ2) was based on the knowledge from Study 1 and had a
theoretical emphasis on two core challenges that are frequently
brought out in synchronous hybrid learning research: social presence
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FIGURE 2
Flowchart of the PEPCII Pedagogical Design Model development.

and student engagement. We focused on the factors that influence
students’ perceived presence and engagement with TPRs. Thus, RQ2
addressed the need to understand student experiences deeply, and
aimed to ensure that besides technical and teaching-related aspects,
the pedagogical model considered also student-centric elements
necessary for effective learning. The third research question (RQ3)
used the findings from Studies 1 and 2 to provide broader validation

Frontiers in Education

and refinement for the emerging pedagogical model. The focus was
on identifying specific educational scenarios suitable for productive
TPR use and factors enhancing or limiting their effectiveness. By
explicitly targeting conditions and factors critical for successful TPR
integration, this research question intended to bridge theory and
practice, ultimately contributing actionable and empirically validated
recommendations for educators and institutions.
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2.1 Study 1: interviews to explore teachers’
experiences and identify challenges and
opportunities in TPR adoption

The research question for Study 1 is the following:

RQI: What technical and pedagogical challenges do teachers
encounter while using TPRs in teaching, and what impact do
these challenges have on the quality of teaching and
student engagement?

2.1.1 Methods and materials

The study included teachers from Estonian higher education
institutions with prior experience in conducting or having attended
TPR-mediated lessons. At the time of the study, teachers with
sufficient experience of using TPRs were found in only two higher
education institutions. All teachers meeting these criteria were invited
to participate in a semi-structured interview. A total of six teachers,
aged 30 to 67, participated in the interview. Four interviews were
conducted in Estonian and two in English. The group included two
female and four male participants. Given that TPR constitutes an
emerging technology that remains underutilized in education, a
purposive sample of experts was selected, with their shared opinions
grounded in their practical experience with the adoption of the
new technology.

The interviews conducted via Zoom and Microsoft Teams
between October and November 2023 were recorded with the
participants’ consent. The transcriptions were prepared using
Tekstiks.ce (Olev and Alumde, 2022) and Notta.ai, followed by
manual error correction. Thematic content analysis (Smith, 1992)
revealed the key categories related to the teachers’ technical solutions,
classroom limitations, the importance of external support (e.g.,
assistants), and practical recommendations for novice TPR users.

10.3389/feduc.2025.1554065

Figure 3 illustrates the concept map of the interviews thematic
content analysis.

2.1.2 Results: the challenges and opportunities in
TPR adoption

The interviews allowed for identifying three main cases of TPR
use in education: (1) conducting lessons mediated by a TPR by remote
teachers, including the active presentation of learning content, such as
slides, drawings, and diagrams; (2) enabling students to participate
remotely in classroom activities and discussions when they are unable
to attend in person; (3) facilitating teachers’ remote participation in
events, training, seminars, or meetings through TPRs.

The teachers who participated in our research emphasized several
technical prerequisites for the effective use of TPRs. Most often they
highlighted the issues such as clear audibility and visibility as critical
factors influencing the quality of communication, particularly in the
context of teaching in large classrooms. They also suggested using
multiple screens or a single large screen, preferably with 4K resolution,
to allow for the simultaneous use of the TPR interface and other
necessary tools for presenting the learning content. It was suggested
that adding an extra communication channel, such as a video
conferencing solution, would improve the visibility of teaching
content to the entire class. The teachers stressed that to improve the
quality of sound, the voice of a remotely present teacher should
be transmitted through a separate audio channel.

One teacher described the importance of the TPR’s location in the
classroom in the following manner: “I solved the problem by
positioning myself right next to the large interactive whiteboard with the
robot and drawing on it as if I were physically present. I used Zoom’s
Whiteboard to draw with the mouse” (I1) To ensure clear
communication as one of the pre-requisites for the inclusion of all
students, particularly in noisy or acoustically poor classrooms, the
teachers considered it critical to choose a quiet environment for the
TPR use, as well as using high-quality headphone and microphone

User experience

In addition —

Assistent

Location in room

FIGURE 3
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Conceptual map of Study 1 Thematical Categories. This mind map organizes key themes extracted from interviews with teachers, highlighting areas
such as user experience, technical solutions, external help, limitations (e.g., audio, cognitive load, infrastructure), and recommendations for beginners.
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sets. While some teachers felt that built-in laptop speakers and
microphones were sufficient for audio transmission at the basic level,
they noted that in more demanding environments better quality
equipment might be needed.

The interviews revealed several limitations to teaching caused by
the use of TPRs. Noting that facial expressions play an important role
in supporting non-verbal communication, the teachers identified their
limited ability to use body language as one of the significant challenges.
The low quality of the voice transmission was often mentioned as an
issue to be considered while choosing a suitable audio equipment. One
participant commented on the quality of signal transmission within
the TPR’s communication system: “Sometimes I was not getting good
quality sound and picture. Because of this, I had to change my position
in the classroom quickly to get a better view and a better audio and
video quality.” (16) Additionally, the teachers stressed that relying on
the internet and the poor quality of connection often led to delays,
making the use of the TPR difficult. The lack of a text-based
communication channel was also mentioned as a distinct challenge,
making it difficult to share teaching resources in real time and as a
result of this - hindering teaching. Another limitation mentioned was
the speed of the TPRs” movement, as the robots’ inadequate speed may
easily complicate conducting discussions and cause delays in teachers’
responses, particularly in more dynamic classroom situations.

One of the often-mentioned issues in the interviews was the
availability of designated support staff or teaching assistants who would
support the smooth delivery of TPR-mediated teaching. The presence
of the support staff would allow the teacher to focus solely on
delivering a lesson while the assistant would deal with all technical
issues. During the lesson, the assistant might also provide feedback to
the teacher regarding any particular technical issues and concerns,
such as the quality and volume of the audio signal. Together with
teaching assistants, teachers can remotely plan the integration of TPRs
in their teaching, adapting the learning environment to accommodate
TPRs movement, and test the equipment for planned TPR supported
activities. More experienced assistants could also provide additional
on-site support, for example presenting teaching materials.

Our interviewees offered recommendations to new TPR users.
The participants stressed the significance of thorough preparation. It
was suggested that teachers should consider how to use TPRs in
engaging students in discussions. One interviewee argued for a
thorough preparation in the following manner: “You must prepare
thoroughly to avoid your teaching being disrupted. Using a robot should
not disturb other students.” (12) Before conducting a lesson using a
TPR, the equipment should be checked regarding the internet
coverage in the classroom, the robot’s battery life, and the quality of
audio and video transmission. Another interviewee described the
required pre-lesson activities: “One limitation is the battery life of the
robot. I always check it in the storage room one or two hours before the
class? (15) Attention should also be given to the teacher’s appearance
on the TPR screen. One important recommendation to teachers was
to attend introductory lessons provided by experienced TPR users.
This would allow teachers to better prepare for their classes, choosing
effective communication strategies as well as strategies to compensate
for their inability to use body language while communicating
with students.

The interviewees suggested conducting pilot trials before offering
full-scale TPR-mediated lessons to further refine teachers’ TPR using
skills. This would allow new TPR users to develop their skills in
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facilitating group discussions and other classrooms activities while
receiving immediate feedback from experienced TPR users. They
should also learn how to identify video blind spots and audio signal
distortions. New robot users should also be made aware of the ethical
and cybersecurity concerns entailed in TPR-facilitated teaching. One
interviewee pointed out the merits of small-scale piloting: “You need
to see the robot in action — how it moves in the classroom, what it does,
and how it sounds.” (13).

Some of the participants also stressed the importance of ongoing
professional development to help TPR users build their confidence.
Creating peer groups where new techniques might be shared,
challenges discussed, and new methods and equipment presented was
one of the ways to support teachers using TPRs in professional
development. Continuing professional development allows for
appreciating technology supported education as a living and evolving
practice, as opposed to mechanical incorporation of various gadgets
in classroom activities.

The insights gained from Study I formed the foundation for the
design of the subsequent study phases, highlighting some of the key
considerations in the TPR adoption and use.

2.2 Study 2: piloting learning designs in a
13-week synchronous hybrid course with
all students telepresent

The research question for Study 2 is the following:

RQ2: What factors influence students’ sense of social presence and
engagement during TPR-mediated participation in classroom
activities?

2.2.1 Methods and materials

In the spring semester of 2023/2024, a 13-week hybrid learning
course was launched to develop and refine the prototype of a
pedagogical design model for the effective use of TPRs in higher
education. The participants of this course were also invited to
participate in the second 292 stage of this study. In total there were 6
participants (undergraduate students, under 30 years old, 293 3 female
and 3 male students). The decision to take part in the study was a
voluntary one and it 294 was explained to the students that as such, it
did not influence their grades in any way. Building on the findings
from Study 1, the course Enhancing Social Interaction in Education and
Business uses TPRs and allows for testing the practical application of
robots in real-world learning environments. The course covered six
critical aspects of TPRs use, laying the foundations for a robust
pedagogical design model to guide their integration in teaching. Each
week’s tasks aligned with one of the six aspects of TPR use: operating
environments, educational settings, cognitive and physical limitations,
inclusivity and ethics, and instructional methods.

In the first week, the students learned to operate the TPRs,
navigating classrooms and open spaces while practicing
communicating with both the participants present in the classroom as
well as the TPR-mediated students. In subsequent weeks, the students
were instructed to adapt the TPRs according to classroom-specific
needs, such as conducting vision tests, evaluating content visibility,
and presenting lessons. The cognitive and physical limitations of TPRs

were also explored through tasks such as using virtual and physical
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whiteboards, navigating unfamiliar environments, and adapting
teaching methods for remote teaching. One week focused entirely on
the ethical and cybersecurity dimensions of the use of TPRs. The final
week brought the entire content together, with students participating
in mini-lectures, collaborative group work, and digital worksheet
activities to simulate real classroom dynamics. The students were
assigned learning-design-based homework after each lesson, giving
them an opportunity to reflect on the lessons and explore the
possibilities of using TPRs in similar situations. For example, based on
their expressions in the practical session, the students had to analyze
the environment (including the technical solution) they had, describe
in which learning area they perceived the strongest cognitive overload,
reflect on the physical limitations they experienced during the
hands-on session, and how they could overcome these limitations.
These home assignments (3 from each student) were submitted to
thematic content analysis. Microsoft Excel was used for data analysis.
Figure 4 illustrates the concept map of the thematic content analysis
of the students’ homework.

2.2.2 Results: factors influencing students’ sense
of social presence and engagement during
TPR-mediated participation

2.2.2.1 Enhancing the presence

The students reported that they felt a stronger sense of presence
and engagement when using TPRs as opposed to standard video
conferencing. The sense of presence was strengthened by the TPR’s
ability to move independently and the opportunity to interact with
classmates. One student reflected their own experience: “Encouraging
social interaction in a positive environment and respecting ethical
boundaries of the interaction, like privacy and etiquette, are all crucial
factors in encouraging a communicative situation. In a productive
communicative situation, the benefits of TPRs for (non-verbal)
communication can be utilized, making them more useful for learning
than a traditional video conference.” (Student A) A sense of deeper
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engagement was supported by using digital collaboration tools during
group assignments, where TPR-mediated students could actively
contribute to teamwork. Another student observed: “Social
interactions are a fundamental part of learning, offering opportunities
for collaboration and discussion” (Student B).

2.2.2.2 Lowering cognitive load

Student reflections revealed that working with multiple open
windows during a class increases cognitive load, especially when using
a single monitor with limited screen space, as it risks breaking the
visual connection with the classroom. One participant reported: “I
perceived the strongest cognitive overload in the first experiment, where
I had to split my attention between Zoom with PowerPoint and the TPR
user interface” (Student A). Expanding the computer desktop with an
additional monitor made it possible to maintain a virtual connection
to the classroom while keeping other necessary applications visible.
Combining digital learning materials such as worksheets with
TPR-mediated substitutes to paper learning materials helped students
reduce their cognitive load and supported gaining deeper
understanding of the material. The students also mentioned installing
an additional 360-degree camera to provide a better overview of the
classroom, improving the perception of the classroom environment.
One student suggested further opportunities to lower cognitive load
in the following manner: “I would also recommend using an Owl 360*
view camera to keep the overview of noise and movement in the
classroom” (Student A) Creating predefined classroom maps,
including marking important locations, helps reduce the strain
associated with TPR navigation. A student noticed: “Moving with a
map provided a gratifying and smooth driving experience with much
less cognitive load.” (Student A) When multiple users simultaneously
use the same TPR, it is crucial to agree on the distribution of roles.

2.2.2.3 Ethics and cybersecurity

The students identified particular ethical and cybersecurity
concerns. Issues may arise because the TPR camera is more mobile
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and, in some models, even better than the human eye. There is also a
risk that through the TPR a student may gain unauthorized access to
confidential information. Another potential threat is access via active
TPR links that were not properly deactivated. The students emphasized
the importance of maintaining a respectful attitude toward TPR users.
One student noted, for example: “To be ethical, I now need your consent
to lift your TPR body across the threshold.” (Student A). To ensure
privacy, the emergence of potential security incidents must
be minimized. As another student pointed out: “If the people using the
lab are not careful, a TPR may access some ‘secret’ or personal
information” (Student B) The results of Study 2 were used as the
principal data for developing the initial version of the PEPCII model
(see also Section 4) that was validated in Study 3, and then finalized,
based on the results from Study 3.

2.3 Study 3: testing the pedagogical design
model prototype: piloting hands-on
workshops for teachers

The research question for Study 3 is the following:

RQ3: Which educational scenarios allow for the productive use of
TPRs, and which factors, respectively, contribute to or hinder the
effectiveness their use?

2.3.1 Methods and materials

In Study 3, we shifted the focus to preparing teachers for the
practical adoption of TPRs in their teaching. The goal was to acquire
a broader understanding of the effectiveness and acceptability of TPRs
while developing the first version of the PEPCII Pedagogical Design
Model for TPR Users. From May to July 2024, we organized a series
of 13 workshops, each lasting for 90 min. The workshops were
attended by 56 teachers from Estonia and abroad. In the workshops,

10.3389/feduc.2025.1554065

we offered hands-on experience in using TPRs and also used the
robots to gather the participants’ perceptions of their use in the actual
classroom setting.

Through the workshops we intended to equip the participants with
specific basic skills of operating TPRs in an educational context.
Conducted in the format of synchronous hybrid sessions, the
workshops included both remote presence and in-person elements.
The participants joined the workshops using Zoom, while the
instructor and their assistants worked from a specially prepared
classroom (see Figure 5). The equipment included a 360-degree camera
to provide an immersive view of the teaching space and an additional
web camera to ensure that the participants could see and follow the
instructor clearly. The classroom layout was simplified by removing
unnecessary furniture, enabling the TPR’s unrestricted movement. A
screen and a whiteboard were set at the front of the classroom.

Each workshop was opened with an introductory session,
offering a technical overview of TPRs and explaining the structure
of training. After that, the participants were given access to a TPR
link via Zoom. Following this, a virtual tour was provided. The
practical tasks assigned then to the participants included
navigating an obstacle course, delivering mini lectures, and
interacting with the class. The session concluded with a focus
group discussion, where participants reflected on their experience,
particularly focusing on their use of TPRs and views on
TPR applications.

The workshops were attended by a diverse group of participants,
the majority of them working in higher education (71%). A smaller
number of the participants had a general education background (27%)
and one person (2%) represented early childhood education. While
teachers from Estonia constituted the majority (36), participants from
the countries such as Cyprus (14), Austria (2), Finland (1), Portugal
(1), Greece (1), and Belgium (1) were also present. Focus group
interviews were conducted with a total of 43 participants.

Focus group discussions aimed at identifying challenges and
opportunities in the use of TPRs were inspired by three open-ended
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FIGURE 5

Workshop classroom design describes the learning environment in which workshops are conducted. In the front of the classroom, a screen for
presenting slides and a whiteboard were placed for use in practical activities. One camera was connected to the instructor's computer and Zoom. The
second one was connected to the second computer to provide a 360-degree overview from the classroom to Zoom. The obstacle track was set up in
the classroom; arrows indicated the TPRs moving in direction. One classroom side was covered with windows.
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questions: Under which circumstances is it appropriate to use TPRs
in education? How should the teachers and students involved in
TPR-mediated education be prepared for it? What kind of technical
and other support does effective use of TPRs require? The discussions
were transcribed, anonymized, and analyzed using thematic content
analysis. As a result, we developed scenarios for the use of TPRs and
listed the factors that contribute to or hinder their effectiveness.
Figure 6 illustrates the concept map of the thematic content analysis
of focus group interviews.

2.3.2 Results: educational scenarios for the use of
TPRs and factors that contribute to or hinder
their effectiveness

2.3.2.1 Instances of use
The respondents identified multiple scenarios under which they
considered TPR integration justified, including situations where
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physical attendance might be restricted by illness, injury, or geographic
limitations. TPRs were further perceived as beneficial for remote
monitoring of collaborative assignments, virtual access to restricted
zones such as specialized laboratories with strict biosafety and security
requirements, and observation of practical skill acquisition. One
participant elaborated on this extended application: “At that time,
I also felt that looking back now on that period of distance learning,
especially for music lessons, one big advantage was truly that I could
observe more closely how the students hold their instruments or which
keys they press, and so on — how their finger positions are and all these
kinds of things.” (P10F).

2.3.2.2 Assistance

The participants reiterated the necessity of having technical
support staff available to address logistical demands and emergent
hardware or software issues throughout the TPR-mediated
instruction. On-site assistance was deemed especially critical for
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teachers operating the TPR to ensure uninterrupted educational
delivery. One respondent explained the need for technical support:
“You need an assistant because, well, the instructor should focus on the
educational content and facilitating teaching, not on dealing with one
particular person or maybe several, especially if they are present as
robots.” (P29F).

2.3.2.3 Preparation

The teachers emphasized the importance of thorough training and
iterative practice sessions to build confidence and aptitude in TPR use.
Recommendations included offering blended professional development
training, encompassing both online tutorials and in-person workshops
to enhance skill acquisition. One teacher stressed that it is important
to open the wide variety of possibles TPR uses in education: “Collecting
a lot more possibilities because this is a new technology, and there are
hundreds of different ways to use it.” (P43M).

2.3.2.4 Additional issues

Some participants suggested that there should not be more than
1-2 robots in simultaneous use. One respondent suggested “I would
actually prefer if the school had fewer robots in use, but those robots
would be truly high-quality, with a good quality image, adjustable to as
short a time delay as possible.” (P13F) Some participants discussed the
ethical perspective of making education accessible. The importance of
making additional support available to organizations adopting TPRs
was also mentioned. Several participants discussed technical aspects
related to the development of TPRs, for example, whether integrating
VR solutions in robots might be desirable or whether it would
be necessary to further develop the user interface to simplify the use
of the robots. One respondent argued that “The user interface of this
telepresence robot is not up to date.” (P35M).

3 Aggregated results

3.1 The opportunities and limitations of
using TPRs in teaching and learning

This study confirms previously noted opportunities of using
TPRs, such as enhanced social presence, increased student
engagement, and greater flexibility in classroom dynamics, enabling
meaningful remote participation in education and providing access
to specialized environments (e.g., laboratories). Although many of
these opportunities have already been recognized in earlier literature,
these results add to the body of literature by recognizing the noted
advantages across multiple robot platforms, including the recently
released TEMI v3 robot (July 31, 2023). Our results suggest that
observed benefits such as enhanced social presence and classroom
flexibility are consistent, regardless of specific robot types. As for
limitations, the results similarly highlight previously noted technical
challenges, such as connectivity disruptions, spatial navigation
constraints, and issues related to audio-visual clarity. However, the
methodological approach of testing these challenges systematically in
this study with multiple TPRs in (including the newest available
technology) highlights that the persistence of technical problems is
not merely attributable to individual robot models but is inherent in
the current state of telepresence robotics technology itself.
Recognizing this generalized limitation emphasizes the urgent need
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for further technological development and targeted improvements to
infrastructure if TPR-mediated hybrid learning is to become
genuinely scalable and reliable.

3.2 Knowledge, skills, and preparation
required from teachers and students to use
TPRs effectively

Studies 2 and 3 demonstrate that the effective use of TPRs requires
comprehensive preparation from both teachers and students. Teachers
need technical skills for operating TPRs, including managing dual
screens and troubleshooting basic technical issues. The study also
stressed the importance of iterative practice sessions, professional
development workshops, and a well-structured model of building up
confidence. Students need initial orientation on the operation of TPRs
and an understanding of classroom dynamics. Although this result is
seemingly similar to ones achieved in previous studies, it highlights that
even technologically proficient users, such as PhD students in technical
fields, encounter notable challenges when adapting to classroom
dynamics via TPRs. It seems that the use of TPRs could demand complex
cognitive and situational adjustments, not merely technical competence.
Thus, targeted orientation on classroom interaction dynamics is crucial,
irrespective of users’ technical expertise. In addition, structured support
such as on-site technical assistance remains essential to reduce potential
disruptions and facilitate smooth, meaningful integration of robots into
educational environments.

4 Developing a pedagogical design
model

By consolidating the knowledge derived from the review of the
state-of-the-art literature and our empirical studies - the interviews,
a 13-week hybrid course, and teacher workshops- we designed the
final model that is presented as a PEPCII model for the effective use
of TPRs. Each of its categories aligns with the Technological
Pedagogical Content Knowledge (TPACK) framework (Mishra and
Koehler, 2006), while also addressing technology acceptance concerns
identified in the broader technology acceptance literature. Table 1
compares the Perifanou (2023) TRinE 4D, Chan et al. (2022) 4C, and
the PEPCII model.

The purpose of TRinE 4D is to provide teachers with support for
adopting TPRs in teaching and adapting their teaching accordingly.
The 4C model offers a hybrid learning framework that enables flexible
and active communication through technology, including using TPRs.
As a distinct advancement from the previous models, the PEPCII
pedagogical design model reveals that in addition to the technical
aspects, the use of TPRs in hybrid learning must address the
importance of ethical concerns and the systematic need to support
teachers and students in their use of TPRs. To provide a better learning
experience and improve the quality of learning, cognitive and physical
limitations must also be considered. In summary, the PEPCII model
offers a broader approach to effectively adopting TPRs, and as it
addresses both technology and pedagogy aspects, it can help to create
higher-quality and more inclusive hybrid learning environments.

In addition, as compared to the TRinE 4D and 4C models, the
PEPCII model emphasizes some of the particularly critical aspects
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TABLE 1 Comparisons of TRinE 4D, 4C and the PEPCII model.

Aspects\models

TRinE 4D pedagogical model

4C model for Hyflex
classrooms

10.3389/feduc.2025.1554065

PEPCII pedagogical design
model

Focusing Using TPRs in Education

Organizing hybrid learning (HyFlex)

Using TPRs in synchronous hybrid learning

Model components Four level process

Four main components

Six main components

1. Define (analyze information about the subject
and students)

2. Describe (describe the number of participants
involved via TPR, the role of TPR-mediated
participants, and the types of TPR)

3. Decide (select teaching methods and tools)

4. Design (plan the process)

1. Content (teaching materials)

2. Collaboration (active learning
through collaboration)

3. Community (presence and sense of
belonging)

4. Communication (interaction with the

teacher and other students)

1. Physical operational and Educational
Environment

. Ethical and Cybersecurity Considerations

. Pedagogical Integration

. Cognitive and Physical Limitations

. Inclusive Access and Engagement

A U s W N

. Instructional Methods

Educational context Defines the course topic, learning objectives,

student profile

The needs of the students define the use

of materials and methods

The physical and virtual learning
environments importance (including

preparation) is emphasized

Operational Objective Support teachers in designing activities and

lessons that involve TPR.

Offers learners a choice of how to
participate in class (physically or

virtually).

Enable social presence in synchronous

hybrid learning situations.

Applicability Suitable for situations where physical presence is

not possible, but participation is necessary.

Flexible use in different educational

contexts (lectures, seminars).

Suitable when the presence is limited (e.g.,

geographical distance), but active

participation and interaction are necessary.

A
TPRs user o
Pedagogical
£y Design Model .
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FIGURE 7

Visualizes the components of the PEPCII Pedagogical Design Model
for TPR users.

related to adopting TPRs as an emerging technology, drawing
attention to ethics, student engagement, and high cognitive load.
TRinE 4D and 4C primarily focus on teaching strategies and
collaboration in hybrid environments, while overlooking data
protection and equitable access issues. The PEPCII model explicitly
raises the issues of ethics and cybersecurity to mitigate the risks
arising from these domains and to ensure the responsible use of
technology. It also addresses potential problems associated with
cognitive load, which are often neglected as the primary focus tends
to be on the planning and organization of learning activities. The
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PEPCII model brings challenges related to cognitive load into focus
and offers potential remedies. By applying the PEPCII model to
TPRs,
hybrid learning.

As a result of the study, the PEPCII model that stands for
Pedagogical Design Model for Integrating Telepresence Robots in

we ensure their sustainable and effective use in

Synchronous Hybrid Learning was developed. PEPCII is an acronym
derived from six components (see Figure 7) that pertain to various
aspects of using TPRs. The PEPCII model was created based on
empirical studies and related literature. Table 2 connects the PEPCII
components with our empirical findings and some of the previously
published articles. The components of the PEPCII model are the
following: (a) Physical Operational and Educational Environment, (b)
Ethical and Cybersecurity Considerations, (c) Pedagogical Integration,
(d) Cognitive and Physical Limitations, (e) Inclusive Access and
Engagement, and (f) Instructional Methods.

4.1 Physical operational and educational
environment (P)

This Component of the model consists of two subcomponents.
First, it describes the requirements and recommendations for the
environment where the TPR operates, including ensuring the highest
possible quality of the remote presentation and maintaining focus
during the delivery of the lesson. Second, it describes the environment
where the TPR moves and operates, addressing the infrastructure
readiness for integrating TPRs into the educational process and
ensuring the well-being of all individuals involved.

In Study 1, the teachers highlighted that for the effective use of
TPR, attention must be paid to the design of the learning environment,
including such details as the arrangement of the furniture. The layout
of the learning environment affects how actively the TPR-mediated
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TABLE 2 Traceability table between PEPCIl components, empirical evidence and previously published papers.

PEPCIlI component Empirical evidence

Physical operational and educational
« Suitable classroom layout (study 2)
environment (P)

« Simple classroom environment (study 3)

« Recommended technical setup for effective TPR use (study 1)

Related literature

Perifanou et al. (2022) and Chan et al.

(2022)

Ethical and cybersecurity

considerations (E)

« Participants stressed the importance of ethics and cybersecurity (studies 1, 2 and 3).

Elmimouni et al. (2024)

Pedagogical integration (P)
808 & 2 and 3)

o Developed and tested instructional designs for TPR-mediated participation (studies

Mishra and Koehler (2006)

Cognitive and physical limitations (C)
visual aids like 360° cameras) (study 2)

« Limitations in non-verbal communication and speed of robot movement (study 1)

« Lowering cognitive load (dual-screen setups, predefined navigation maps, additional

« Developing skills and proficiency in using TPR (study 3)

Huun and Slaven (2024)

Inclusive access and engagement (I) (Study 2).

« Improved social presence and engagement compared to traditional videoconferencing

« Deployment scenarios that offer inclusive participation in learning (study 3).

Fabian et al. (2024)

Instructional methods (I) 1and 3)

« Empbhasis on thorough preparation in pilot trials, and iterative training (studies

o Recommended training methods (study 3)

Mascret et al. (2023) and Arthanat et al.
(2023)

student can engage with what is happening in the physical classroom
through hearing and seeing. One interviewee explained.

Study 2 confirmed the previously mentioned results. The
possibility of using predefined maps and mapping paths of the robot’s
movement helps to reduce the students’ cognitive load while
navigating the learning environment.

The simplified classroom layout used in Study 3 confirmed that
the user experience and satisfaction of the TPR-mediated participant
are directly influenced by the setup of the learning environment.

4.2 Ethical and cybersecurity
considerations (E)

In Study 2, the students were concerned that the robots’ cameras
might compromise the privacy of other individuals present in the
learning environment. According to some of the students, it is also
important to consider ethical questions, such as obtaining consent
and being aware of the situation. The students also pointed out
potential cybersecurity risks associated with the use of TPRs. For
example, that unauthorized use of robots might allow access to
confidential information.

The participants in Study 3 emphasized that at the organizational
level it is important to consider how to use TPRs in school
environments. These observations indicate that ethics and cybersecurity
are essential aspects when using TPRs in educational settings.

4.3 Pedagogical integration (P)

The
recommendations for designing an educational process that enables

Pedagogical = Integration  component  provides
participants active involvement through TPRs, including the use of
assessment methods that support learning by means of feedback and

adaptive teaching techniques.
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Study 2 focused on the pedagogical aspects of using TPRs in a real
learning situation over a 13-week period. During the course, the use of
TPRs was tested in various active learning formats, including group
work. Participating students valued highly the integration of TPRs
into teaching.

In Study 3, the participants stressed the need to align the use of
TPRs with the expected learning outcomes, while maintaining the
importance of flexibility and the use of prepared supportive materials.
Based on these insights, we conclude that it is essential to emphasize
the importance of instructional design in the use of TPRs in
teaching- moving beyond their mere physical presence in the
instructional space.

4.4 Cognitive and physical limitations (C)

This component addresses particular cognitive and physical
challenges related to the use of TPRs and offers solutions for
overcoming some of the related limitations. Regarding cognitive
challenges, it highlights the creation of conditions that allow users to
focus on learning and teaching, such as designing a user-friendly
environment and preparing for participation through TPRs. For
physical challenges, it specifies the support a TPR user needs to
effectively engage in the learning process remotely.

In Study 2, the participating students noticed cognitive overload
when engaging in learning activities through TPRs - especially when
they had to use additional learning materials or present something
themselves. To reduce the cognitive load, they suggested using
multiple monitors and visual aids.

In both Study 1 and Study 3, the participants identified slow
navigation and signal transmission delays as issues of concern. The
participating teachers pointed out that delays in signal transmission
hinder real-time response and dynamic interaction. Based on the
above, we argue that addressing physical and cognitive limitations
constitutes a significant aspect of the effective use of TPRs in education.
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4.5 Inclusive access and engagement (I)

This component of the proposed model covers ensuring equal
access to teaching for all participants through the adaptation to
diverse learning needs and providing a learning environment that
respects cultural differences. All our studies highlighted that using
TPRs enables active participation when physical presence is
not possible.

In Study 3, the participants saw the potential of using TPRs in
special education or for students in rural schools. Based on the above,
the use of TPRs ensures better accessibility to education and enhances
student engagement.

4.6 Instructional methods ()

The Instructional Methods’ component of our model focuses on
particular aspects critical to facilitating the educational process,
such as providing clear instructions, offering additional training
opportunities, and promoting the visibility of best practices.

In Study 1, the participants emphasized the need for thoughtful
lesson planning and the development of backup plans. They
considered prior practice, rehearsing the planned activities, equipment
checks, and the availability of technical support during the learning
process as key to a successful TPR experience.

The participants in Study 3 mentioned that practical workshops
and training sessions help to increase teachers’ confidence and allow
building their competence. According to the participants, the
successful adoption of TPRs depends on the availability of training
materials, opportunities for experience sharing, and hands-on practice.

Prior research (e.g., Elmimouni et al., 2024) has already suggested
that systematically addressing challenges caused by the use of TPRs
can significantly improve students’ learning experience. Our final
study has strengthened this point by demonstrating how explicit
instructions on classroom lighting, slide color combinations,
recommended TPR speeds, and designated communication channels
for immediate technical support can substantially reduce both
teachers’ and students’ cognitive load, thus supporting our step-by-
step approach (Kasuk and Virkus, 2024).

The use of the PEPCII model in the adoption of TPRs in education
will ensure a systematic approach to improving the quality of
synchronous hybrid learning, allowing students to be socially present
in the learning environment. Following the recommendations
outlined in this article ensures that the use of TPRs in the classroom
remains ethical, pedagogically effective, and inclusive for all
participants. Accordingly, the PEPCII model supports sustainable
technology innovation in education.

5 Discussion

The findings presented in this study demonstrate both the benefits
and the complexity of integrating TPRs in hybrid educational
environments. By triangulating evidence from the three studies, this
research contributes to the existing literature on technology
integration (Mishra and Koehler, 2006; Elmimouni et al., 2024; Kasuk
and Virkus, 2024) and underscores the importance of developing
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carefully calibrated pedagogical and technical frameworks for the use
of TPRs.

One of our significant findings regarding the adoption of TPRs in
education stresses the need to consider more than the mere hardware
and software readiness. Educationally effective adoption of robotic
technologies in education requires a coordinated approach across
multiple domains of knowledge and practice. Although prior models
such as TPACK have already revealed the interplay between
technological, pedagogical, and content knowledge (Mishra and
Koehler, 2006), the current article affirms that operational, cognitive,
physical, ethical, and instructional dimensions are equally critical for
ensuring effective TPR integration. While the PEPCII model proposed
here aligns with the TPACK framework, it is unique in explicitly
incorporating considerations covering distinct aspects of physical
learning environments and issues such as inclusivity, ethics, and
cybersecurity. Teachers’ testimonies related to the indispensability of
the well-structured support - be it in the form of on-site assistants,
carefully prepared classrooms, or professional development
workshops - further reflect the iterative nature of technology
acceptance processes conceptualized in broader frameworks such as
TAM and UTAUT (Arthanat et al., 2023; Mascret et al., 2023).

Consistent with some of the earlier studies, our research confirms
that TPR-mediated learning can promote a heightened sense of
presence and autonomy as compared to conventional video
conferencing tools, thereby mitigating student disengagement in
hybrid settings (Kasuk and Virkus, 2024). The results of our Study 2
demonstrate that providing users with low-cognitive-load solutions,
for instance, dual-monitor setups and pre-mapped classroom
navigation, reduces the time spent on troubleshooting and task-
switching, ultimately improving the quality of instruction.
Additionally, TPRs’ mobility supports spontaneous interaction among
the participants and their social presence — outcomes that are
particularly germane for remote students who would otherwise have
limited access to in-person activities (Huun and Slaven, 2024).

Nonetheless, significant barriers persist. Challenges such as
weak internet connectivity, audio-visual disruptions, and limited
navigational dexterity suggest a delicate balance between
technology’s affordances and accompanying constraints (Kasuk and
Virkus, 2024). TPR-mediated instruction entails heightened
dependence on stable infrastructures and support staff; teachers
working under conditions of limited resources may find it difficult
to adopt TPRs as extensively as sometimes recommended.
Additionally, the novelty of TPR-mediated learning requires
ongoing professional development for both teachers and technical
support teams, emphasizing the socio-technical nature of
technology uptake (Perifanou, 2023).

Moreover, the importance of detailed pedagogical planning
cannot be overstated. Participant feedback from our studies 1 and
3 showed that success hinges on aligning TPR functionality with
specific educational objectives. Whether delivering synchronous
lectures or supporting remote student presence, teachers must
proactively plan for their activities to capitalize on the benefits of
TPR mobility and camera functionalities. This calls for targeted
orientation sessions to explain operational protocols, share digital
literacy expectations, and describe the accessibility model. Partial
reliance on participants with IT or information-science
backgrounds may lead to a higher collective competence of the
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entire group of participants than what one might expect finding
among regular teachers. Future research involving a wider
demographic variety of teachers and students can help assess the
transferability of our model to other subject areas and across
educational levels.

Lastly, ethical considerations, particularly surrounding the issues
of security and inclusivity, warrant permanent attention. Study 3
activities and workshop discussions support the view that the use of
TPRs in sensitive environments, such as laboratories and other
specialized facilities, gives rise to additional complexities related to
controlling camera angles, maintaining privacy, and clarifying data-
handling protocols. These insights corroborate earlier findings
(Elmimouni et al., 2024) that a structured approach to data security,
supported by institutional policy, is essential for mitigating potential
risks associated with remote access.

In summary, our findings confirm that TPRs offer a promising
medium for enhancing synchronous hybrid learning when integrated
with systematically developed pedagogical frameworks, sustained
technical support, and inclusive policy guidelines. Although TPR
deployment can be resource-intensive, strategic planning and gradual
professional development substantially alleviate such challenges. The
resulting PEPCII model offers a comprehensive lens for researchers,
practitioners, and policymakers to interrogate the pedagogical and
logistical prerequisites for TPR adoption.

6 Conclusion

The research project described in this article contributes to the
growing body of literature on telepresence robots in education by
proposing and validating a PEPCII model that offers a structured
approach to TPR integration. Building on the already established
technology-integration frameworks such as TPACK, SAMR, and
TAM, the model addresses the multifaceted nature of TPR use in
hybrid learning contexts. Through three studies, the research has
captured both the promises and the practical challenges inherent in
TPR implementation.

Some of the key outcomes of our research demonstrate that
TPR-mediated instruction supports improved presence, facilitates
flexible class participation, and extends the physical boundaries of the
classroom. However, realizing these benefits requires robust support
mechanisms, including on-site technical personnel, careful lesson
planning, reliable internet infrastructure, and thorough training for
both teachers and students. A consistent theme across our studies has
been the necessity of proactively reducing cognitive load - by way of
dual-screen setups, comprehensive classroom mapping, and seamless
integration of digital tools.

Despite the promising outcomes of the three studies, certain
limitations must be acknowledged. First, several technical challenges
remained unresolved throughout the research. Participants reported
persistent issues such as unstable internet connections, audio delays in
large classroom environments, and limited navigational control of the
TPRs, particularly in settings with obstacles or cluttered layouts. Even
with the implementation of solutions such as dual-screen setups,
360-degree cameras, and pre-mapped classroom layouts, these
technical problems occasionally disrupted communication and
reduced the level of participants’ engagement. For example, delayed
voice transmission often impaired real-time discussions, and
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momentary disconnections negatively affected the continuity of
learning sessions.

Second, the prior experience and background of the participants
had an impact on study outcomes. Many of the teachers and students
involved had prior professional or academic experience in
information technology or educational technology. Their familiarity
with digital tools and openness to experimentation most likely
contributed to the successful adoption of TPRs, and the richness of
feedback provided. However, this introduces a potential bias, as
these users may have been more inclined to overlook or adapt to
technical shortcomings than educators with less technological
confidence. As such, the generalizability of the findings to broader,
more diverse educational settings may be limited.

However, although the relatively small sample size of six teachers and
six students limits the generalizability of our results, the qualitative
approach adopted helps to bring out the depth of insight of the
participants, offering understanding of specific challenges and
opportunities in adopting TPRs in higher education, and informing
subsequent larger-scale research and pedagogical design. Future research
should explore how these challenges affect populations with lower
levels of digital literacy and explore long-term technical reliability and
support requirements for sustainable TPR integration across varied
educational contexts.

This research provides a practical roadmap for embedding TPRs
in academic contexts by synthesizing best practices and addressing
common challenges. With continuous refinement, thoughtful
instructional design, and collaborative effort among the stakeholders,
telepresence robots have the potential to transform hybrid education
into an inclusive, interactive, and sustainable learning environment -
ultimately enriching the educational experience for remote and
in-person students alike.
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