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Abstract
There is a growing interest in employing telepresence robots in different educational
contexts due to their great potentials to enhance and improve educational experiences for remote learners. However, there is little use of telepresence robots in virtual
transnational education contexts in developing countries. There is a lack of knowledge
about university academics’ perceptions regarding the future use of telepresence
robots to enhance virtual transnational education contexts. This exploratory research
aims to fill this gap by seeking to have evidence-based information on whether telepresence robots as a new emerging technology is perceived among university academics as a useful tool for enhancing virtual transnational education or not. This study also
seeks to better understand university academics’ perceptions of obstacles that may
hinder them from using telepresence robots and the support that they will need. A
sample of 46 Egyptian university academics participated in this study. The results of
the study revealed that the academics perceived telepresence robots to have a great
potential to enhance virtual transnational education. The academics also perceived telepresence robotics to have positive effects on educational activities. Furthermore, the
participants indicated a number of barriers regarding integrating telepresence robotics
into the teaching and learning activities and identified the types of support they will
need. The uptake of telepresence robots to enhance virtual transnational education
could lead to a larger international learner population, better virtual transnational
education, and more university revenue. Recommendations for future research are also
presented.
Keywords: Telepresence robots, Virtual transnational education, Academics’
perceptions, Virtual students’ mobility, Robotic telepresence
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Introduction
Conceptualizing virtual internationalization of higher education

Historically, the academic mobility of students and academic staff formed the basis of
the internationalization of higher education with the goal of enhancing their quality of
teaching, learning, knowledge, and research through cooperation among different academic institutions, cultures, and nations. Today, the internationalization of higher education involves numerous and various actors, objectives, and mechanisms which have
become a broader socio-cultural, economic and academic collaboration and competition
between or among nations, institutions, and regions. Broadly speaking, internationalization has become a policy-driven process and strategy of the movements of academics,
students, socio-academic cultures, academic programs and institutions, academic and
institutional systems, and knowledge across academic cultures and political frontiers (de
Wit, 2002; Knight, 2008).
Despite the fact that internationalization has become a prevailing term in the twentyfirst century higher education institution worldwide, the meaning and concept of internationalization remain ambiguous. The term “internationalization” is formed from one
prefix, one word, and one suffix (inter -, nation (al)- and -ization). “Inter” originated
from a Latin word that means “between or mutual.” “Nation” means a political system,
or a country with a distinct culture. There are many terms used which refer to the internationalization of higher education such as academic mobility, international academic
cooperation, study abroad, and international exchange. Concerning curricula, many
terms have been used in reference to the internationalization of higher education. Those
terms include aspects such as multicultural education, intercultural education, crosscultural education, education for international understanding, peace education, global
education, international studies, etc. (De Wit, 2002).
Currently, the global landscape in internationalization of higher education is challenging and demands innovative ways from service providers to tackle the consequences of
the COVID-19 crisis. Many international students all over the world cannot travel to
the host country to continue their international education due to the COVID-19 crisis restrictions and other social and financial reasons. Virtual transnational education or
virtual mobility is a solution that can be provided. Recently, virtual transnational education has been greatly influenced by the recent developments of smart technologies.
In the past, the internationalization of higher education was about traditional practices
such as student mobility, curriculum change, staff mobility, and collaboration among or
between institutions for developing teaching process and research. Recently, the internationalization of higher education has changed in a very distinct way since its nature
has completely changed from the necessity of the physical mobility of students to virtual mobility through developing certain educational activities on online complement or
substitute for physical mobility (Knight, 2012).

Different interpretations of virtual transnational education

Virtual transnational education, virtual mobility, or collaborative online international
learning are three concepts that are used interchangeably because they reflect the interconnection between internationalization and digitalization, and they have become
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the prominent examples of higher education crossing national borders (Knight, 2016,
p. 328). Virtual transnational education has various forms of virtual mobility, and can
be approached from different perspectives. There are two forms of virtual mobility:
1- teacher virtual mobility and 2- student virtual mobility, and every form has its own
main relevant features (Creelman & Löwe, 2019). The virtual mobility concept was first
defined by Bunt-Kokhuis (2001) who created a rather interesting specific definition of
virtual mobility where it was described as “the collaborative communication between a
faculty member and his/her counterpart(s) mediated by a computer. More often, these
meetings will be interactive and take place across national borders and across time
zones” (Bunt-Kokhuis 2001, p. 1). Boaretto and Volungevičienė (2013) defined “virtual
internationalization” or “virtual transnational education” as the transnational activities
that are supported by information and communication technology and organized at
the institutional level to make international, collaborative experiences in an educational
context possible (Boaretto & Volungevičienė, 2013, p. 7).
It can be argued that virtual transnational education means studying and collaborating over long distances through virtual methods without being physically present. Van
de Wende (1997) hold the view that virtual transnational education is an emergent form
of internationalization where students interact with their counterparts and educators in
other countries through information and communication technologies (ICT), and follow courses offered by institutions abroad. O’Mahony (2014) defined virtual transnational education as “award- or credit-bearing learning undertaken by students who are
based in a different country from that of the awarding institution” (p. 8). For the purposes of this study, the author defines virtual transnational education as a form of education that enables international students from different backgrounds and cultures to
learn, research, communicate, collaborate, share knowledge and enhance intercultural
understanding through creating an educational environment which is supported by
implementing smart information and communication technologies to offer the students
the same opportunities and benefits as they would have with physical mobility but while
they are at their homes and without travelling to the host country.
Telepresence robots in virtual transnational education: concept, rationale and importance

There is a significant need for tools to keep remote international students connected to
the classroom. Remote learners are susceptible to failing to benefit from peer-mediated
learning and active social interactions (Corsby & Bryant, 2020; Kreijns et al., 2002).
There are numerous studies that investigated the general positive impacts of educational
robotics on enhancing academic, communication and social skills of students and offering them impactful learning experiences to enhance their interest, learning, engagement, and academic achievement at various education levels (e.g., Anwar et al., 2019;
Barker & Ansorge, 2007; Benitti, 2012; Corsby & Bryant, 2020; Gonnot et al., 2019; Kory
et al., 2013; Petre & Price, 2004; Rubenstein et al., 2015; Zhang et al., 2018). Furthermore,
robots can enhance collaborative learning where they can incorporate the social dimension in the learning process (Gonnot et al., 2019; Reis et al., 2019; Rosenberg-Kima et al.,
2020).
Telepresence robots hold great potentials to make virtual transnational education
more immersive through their abilities to allow students to communicate with and
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navigate through remote educational environments. During the last decade, telepresence robots have gained more attention and widespread popularity in university
classrooms, due to the need of teaching staff to find new technologies and methods
that enable them to better connect with distance education students (Corsby & Bryant, 2020; Kennedy, 2016; Zhang et al., 2018).
Lister (2020) defines robotic telepresence as the system that “provides the ability for
a remote access participant to see and be seen, to hear and be heard, and to move a
self-representing mechanism freely in a given space in order to foster engagement and
social interactions” (p. 2). Furthermore, robotic telepresence as Bell (2017) explains”
has demonstrated its power to enhance remote learners’ educational experiences in
very important ways” (para. 7). Robotic telepresence and a telepresence robot are two
concepts that are used interchangeably. A telepresence robot, is one of the service
robots, which “sometimes referred to as a mobile remote presence” (Kristoffersson
et al., 2013, p. 1). It is a remote-controlled, wheeled system that incorporates video
conferencing equipment onto mobile robot devices and can navigate a distant environment (Fitter et al., 2020).
The mobile robotic telepresence phenomenon was first studied by Paulos and Canny’s research on the PRoP system (Paulos & Canny, 1998). Since then, many researchers
have explored the potentials of using telepresence robots in various fields and contexts
such as museums (Roberts & Arnold, 2012), interpersonal communication (Ogawa
et al., 2011), Medicine (Daruwalla et al., 2010), and education (Conti et al., 2017, 2020;
Kwon et al., 2010; Liao & Lu, 2018; Tanaka et al., 2014; Tsui et al., 2011). Despite many
countries employing robots as a learning tool to enhance education (Alimisis & Kynigos, 2009; Han, 2012) and help students to promote the skills they need for living and
working in the digital age (Chalmers, 2013; Gura, 2012) there is still strong doubts about
using robots in educational contexts. Some theoretical and qualitative research results
have indicated that educators may have resistance towards using robots because using
them would not be in line with the way they realize the principles of teaching and learning practices (Ensign, 2017; Karypi, 2018; Khanlari, 2014). However, the significance of
this principled mindset, and its connection to academics’ perceptions regarding the use
of telepresence robots in virtual transnational education, have not been investigated yet.
Past research has explored telepresence robots for remote students support (Bell,
2017; Gleason & Greenhow, 2017; Liao & Lu, 2018; Reis et al., 2019), but to the best of
my knowledge, no past research has examined academics’ perceptions regarding the
future use of telepresence robots to enhance virtual transnational education to make
it feel a little more like real transnational education. Thus, more exploration is needed
to fill this gap in the existing literature. This study aimed to contribute to the current
literature in the field of educational robotics by investigating university academics’
perceptions regarding the future use of telepresence robots to enhance virtual transnational education. This study also seeks to better understand university academics’
perceptions of the barriers that may hinder them from using telepresence robots and
the support they need. The overall goal of this study is to provide insights that may
guide ongoing and future developments in virtual transnational education supported
by telepresence robots. The goal of this study can be achieved through answering the
following main question:
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How do university academics perceive the future use of telepresence robots to enhance
virtual transnational education?
Research questions

The five research questions that have guided the study are:
1. What are the academics’ experiences with smart educational technologies?
2. What are the academics’ proficiency levels regarding using telepresence robots’ technology?
3. What are the potential obstacles that may hinder academics from using telepresence
robots to enhance virtual transnational education?
4. What kind of support do academics need in order to uptake telepresence robots in
virtual transnational education?
5. What are the academics’ perceptions regarding the potential benefits that may
encourage them to employ telepresence robots in virtual transnational education to
enhance it?

Literature review
Telepresence robots for virtual transnational education

In 1980 Marvin Minsky coined the term telepresence for the first time in the context of
teleoperation to describe physical labor from remote locations (Minsky, 1980). Recently,
telepresence is used to describe a human’s presence in a wide variety of virtual environments by using a telerobot. An intelligent telepresence robot is a smart video conferencing computer with a microphone and smart speakers attached. It can sit on desks or
stand in the classroom or even move around. This technology has become progressively
prevailing in the education sector during the pandemic, thanks to new viable virtual and
hybrid learning models, where some students are in the onsite classroom while remote
students watch from home. The big difference between telepresence robots and conventional cameras is that the telepresence robots follow actions and sounds—spinning in a
wide 360-degree angle—to give international students a more natural classroom experience. So, students at their home country can see more than static shots of the classroom.
Telepresence robots can empower students to contribute to classroom discussions,
move to different areas of the classroom to engage in group work (Ahumada-Newhart
& Eccles, 2020; Ahumada-Newhart & Olson, 2019; Zhang et al., 2018). There are a wide
variety of commercially flexible telepresence robots that could be used for many purposes in many contexts including: hospitals, elderly care, offices, and education. Some of
the existing commercial robots are: “BotEyes – Pad, PadBot P1, PadBot U1- Version 2,
BotEyes Mini, … Kubi, Ohmni SuperCam, Ohmni, Ava 500, Amy A, Double 3 and many
more.” (Yatagiri, 2020)
The uptake of telepresence robots allows remote international students to truly have
a seat at the classroom in the host country, both physically and figuratively speaking.
Furthermore, it offers distant students the opportunity to engage in real-time class community and conversation, thus they get better learning experiences (Kennedy, 2016; Liao
& Lu, 2018). Many universities such as Oral Roberts University and Florida International
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University are using telepresence robots to better engage their students no matter where
they are in real-time class community and conversation (Kennedy, 2016; Reis et al.,
2019).
Bell (2017) argued that telepresence robots are game-changers due to their potentials
to enhance and improve educational experiences for remote learners and has made the
teaching and learning strategies much easier (Kennedy, 2016; Liao & Lu, 2018). Moreover, it supports collaborative learning (Reis et al., 2019; Rosenberg-Kima et al., 2020).
Telepresence robots have various benefits and challenges. It is of great importance to
consider pragmatic issues when selecting them. These issues include selecting the best
fit telepresence robot in terms of price, required networks and bandwidth. In addition, confidence of use, freedom to move around, great social presence and support for
various types for engagement are very critical variables guiding the process of selection
(Bell, 2017; Yousif, 2021; Zhang et al., 2018). Moreover, universities should have flawlessly working wireless technology (Kennedy, 2016; Yousif, 2021).

Methodology and procedures
The goal of this exploratory study is to explore the perceptions of university academics
regarding the future use of telepresence robots to enhance virtual transnational education. This study is qualitative in nature, due to its purpose; that is, how university academics perceive the future use of telepresence robots to enhance virtual transnational
education. As Merriam (1998) stated, “[q]ualitative research is a journey of discovery
rather than confirmation” (p. 18) in which researchers can implement various methodologies to gain in-depth understanding of others’ thoughts and experiences. In line with
this, Henderson (1991) stated that qualitative research empowers researchers to gain
insight into others’ attitudes, perceptions, beliefs, and opinions.
Tool of data collection

As the participants may have a little or no experience in the uptake of telepresence
robots as a teaching and learning tool, the participants were provided relevant links,
websites and information about using telepresence robots as educational tools. The participants reviewed the links, websites and information before the interview sessions or
filling in the online surveys. A semi-standardized, open-ended interview was developed.
The interview included 19 questions. An online survey was created and sent to the participants. The questionnaire has been prepared after reviewing the related literature. The
questionnaire included four sections: (1) demographic and professional characteristics,
(2) experience with smart educational technologies, (3) using telepresence robots, (4)
and academics’ overall perceptions of telepresence robots. It is noteworthy, all the participants have preferred to fill in the survey rather than to be interviewed face to face,
because most of them are concerned about that they may be infected with the COVID19 virus and they are very busy. To guarantee anonymity, universities and participants
responses were numbered (e.g., UNI 1, participant 1).
The Cronbach’s alpha coefficient for the questionnaire has been measured to determine its internal consistency of each section and its items. It ranged between (0.82–0.92)
while the overall stability of it reached (0.90), as shown in Table 1, which are highly stable coefficients and meets the purposes of the study. Questionnaire face validity was
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Table 1 Cronbach’s alpha of the questionnaire and its sections
Total stability

Section one

Section two

Stability
coefficient

Number
of items

Stability
coefficient

Number
of items

Stability
coefficient

0.90

20

0.92

9

0.90

Section three

Section four

Number
of items

Stability
coefficient

Number
of items

Stability
coefficient

Number
of items

3

0.82

6

0.89

1

assured after the revision conducted by eight academic experts and some modifications
have been done according to their opinions. The questionnaire was piloted to seven of
teaching staff and it was revised according to the pilot test results.
Target group and participants

The participants of this study included any academics in public Egyptian universities.
The researcher, through the use of the purposive sampling technique, selected academics that represented different fields of specialization from five public Egyptian universities that recently established new faculties or departments of Artificial Intelligence (Ain
Shams University, Mansoura University, Zagazig University, Al Azhar University, Helwan University) given also the very limited number of academics who could be involved
in educational robots’ projects in Egypt. The data were collected during the government
implementation of preventive measures in Egypt (March–April 2020). The sample consists of 46 academics from five public Egyptian universities.
The selected participants were contacted to request their participation in this study.
The participants were directed to links about the topic of the study, the survey (see
Additional file 1). Although the participants had three options to either participate in
telephone or face-to-face interviews or complete an online survey, all 46 participants
preferred to participate in the study by filling in the online survey. Moreover, telephonic
calls discussion was also carried out by the researcher with participants to discuss the
research topic and its objectives.
Statistical analyses

Descriptive statistics were employed, and SPSS version 23.0 was utilized. The data collected indicated several significant information about academics’ perceptions regarding
the future use of telepresence robots in educational activities to enhance virtual transnational education. The data has been summarized into tables. Descriptive statistics (frequencies, percentages, means and standard deviations) were calculated for the question.

Results
This exploratory study focused on university academics’ perceptions regarding the
future use of telepresence robots to enhance virtual transnational education. In order
to achieve the study objectives, the author used the online questionnaire to collect the
required data.
Questionnaire section 1: demographic and professional characteristics

Section 1 aimed at describing the participants’ demographic and professional characteristics (i.e., gender, age, faculty rank, years of teaching experience, years of using
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Table 2 Summary of participants’ demographic and professional characteristics
Variable
Gender
Age

Faculty rank

Faculty

Values

N

% (of total)

Male

25 54.35

Female

21 45.65

> 50 years

17 36.96

40–50 years

13 28.26

< 40 years

16 34.78

Lecturer

16 34.78

Associate Professor

19 41.30

Professor

11 23.91

Engineering

10 21.47

Medicine

9 19.57

Computer Science

9 19.57

Education
Science

10 21.47
8 17.39

Years of university teaching experience > 10 years

11 23.91

5–10 years

19 41.30

< 5 years

16 34.78

Years of using technology in teaching

Preferred teaching methodology

> 10 years

0 0

5–10 years

15 32.61

< 5 years

31 67.39

Flexible teaching activities that (combination of
teacher-directed and platform-directed instruction)

7 15.22

Mixture of teacher-centered and student-centered
activities

31 67.39

Teacher-directed activities

3 6.52

Student-centered activities

5 10.87

technology in teaching, and preferred teaching methodology) and students’ and academics’ access to smart educational technologies. Participants’ demographic and professional characteristics are summarized in Table 2.
As regards to the participants’ demographic and professional characteristics, it has
been observed that the sample was evenly distributed concerning their faculties (Engineering, Medicine, Computer Science, Education, Science). The participants are predominantly male (n = 25, 54. 35%) and are mostly either associate professors (41.30%)
or lecturer (34.78%). The mean age of the participants was 47.70 years (SD = 13.628),
and the faculty rank was consistent with the faculty age. The average sample of teaching
experience was 1.89 years (range 4 to 35 years of experience). Finally, the average sample
of using technology in teaching was 1.35 years (range 1 to 10 years of experience).
It has been observed that the majority of the participants (67.39%) preferred mixture of teacher-centered and student-centered activities, three participants (6.52%)
stated that they prefer teacher-directed activities, five participants (10.87%) preferred
student-centered activities, and seven participants (15.22%) preferred flexible teaching
activities (combination of teacher-directed and platform-directed instruction). Moreover, participants were asked to rate students and academics access to smart educational
technologies at their university. The results showed that all participants rated access to
smart educational technologies to be above 67% as shown in Table 3. These results were
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Table 3 Students and academics’ access rate to smart educational technologies
Participant

Students’
access to smart
educational
technologies (%)

Academics’
access to smart
educational
technologies (%)

Participant

Students’
access to smart
educational
technologies (%)

Academics’
access to smart
educational
technologies (%)

Participant 1

69

79

Participant 24 68

77

Participant 2

79

86

Participant 25 76

84

Participant 3

75

78

Participant 26 77

81

Participant 4

72

79

Participant 27 72

79

Participant 5

90

95

Participant 28 90

95

Participant 6

67

71

Participant 29 67

71

Participant 7

89

94

Participant 30 90

92

Participant 8

75

78

Participant 31 85

88

Participant 9

91

95

Participant 32 85

91

Participant 10 79

87

Participant 33 77

80

Participant 11 84

91

Participant 34 83

89

Participant 12 80

87

Participant 35 70

75

Participant 13 68

73

Participant 36 67

70

Participant 14 75

85

Participant 37 85

89

Participant 15 81

90

Participant 38 91

95

Participant 16 85

91

Participant 39 75

82

Participant 17 87

92

Participant 40 84

92

Participant 18 90

94

Participant 41 76

84

Participant 19 83

86

Participant 42 73

76

Participant 20 79

83

Participant 43 89

93

Participant 21 75

81

Participant 44 75

82

Participant 22 67

72

Participant 45 87

92

Participant 23 91

93

Participant 46 77

83

expected due to the great efforts of the Egyptian Ministry of Higher Education and Scientific Research in collaboration with the Minister of Communications and Information
Technology to expand students and academics’ access to smart educational technologies
to make best use of the advanced technological systems in Egyptian universities to build
digital Egypt (El Said, 2021).

Questionnaire section 2: Academics’ experience with smart educational technologies

This section listed three different questions. The first question (Question 10) aimed at
identifying the types of smart technologies that academics use most in their teaching
and learning activities by asking participants “If you use smart educational technologies
in your educational activities, what type of smart technologies you use most?” Table 4
summarizes academics’ responses to this question.
Question 11 aimed at identifying the frequency academics use various smart educational technologies in their educational activities. To define how often the participants
use various smart educational technologies in their educational activities, the following six-point response scale was used: 0 = Never, 1 = Rarely, 2 = Occasionally, 3 = Frequently, 4 = Almost Always, and 5 = All the time.
Twelve academics (26.1%) frequently use various smart educational technologies
in their educational activities, eleven academics (23.8%) stated that they rarely use
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Table 4 Smart educational technologies used by academics
Participant

Smart educational technologies

Participant

Participant 1

Interactive whiteboards, smartphones
computers, websites, computer lab

Participant 24 Computers, smartphones, smart boards,
software programs, websites

Participant 2

Computers, interactive whiteboards,
Laptops, computer lab, virtual reality
labs, software programs

Participant 25 Computer lab, Internet, smart boards,
software programs, Laptops, smartphones

Participant 3

Computers, websites, smartphones,
smart boards, software programs

Participant 26 Computer lab, smart boards, Internet,
laptops

Participant 4

software programs, computers,
smartphones, websites, computer lab,
smart boards

Participant 27 Websites, smart boards, software programs, smartphones, computer lab

Participant 5

Computers, software programs, iPads,
Websites, Educational Games, interactive whiteboards, virtual reality, cloud
computing, learning analytics

Participant 28 Laptops, iPads, computer lab, interactive
whiteboards, virtual reality, software
programs

Participant 6

Smart boards, computers, smartphones, websites, software programs,
internet

Participant 29 Smart boards, Internet, smartphones,
laptops computer lab, software programs

Participant 7

Computers, software programs, iPads,
virtual reality, websites, interactive
whiteboards

Participant 30 Computers, interactive whiteboards,
software programs, iPads, Websites,
virtual reality labs

Participant 8

Smart boards, websites, smartphones,
software programs, computer lab,
smartphones, internet

Participant 31 Websites, smartphones, computer lab,
software programs, interactive whiteboards, virtual reality

Participant 9

Laptops, software programs, iPads,
Participant 32
blogs, computer lab, wikis, educational
games, interactive whiteboards, virtual
reality, cloud computing

Participant 10 Computers, interactive whiteboards,
smartphones, laptops, computer labs,
software programs

Smart educational technologies

Computers, software programs, iPads,
Websites, Educational Games, interactive whiteboards, virtual reality, cloud
computing, learning analytics

Participant 33 Software programs, iPads, Websites,
interactive whiteboards, virtual labs

Participant 11 Computer lab, interactive whiteboards, Participant 34 Virtual labs, computers, iPads, websites,
virtual reality, software programs, iPads,
smartphones, interactive whiteboards
websites, cloud computing
Participant 12 Computers, smart boards, Laptops,
computer labs, software programs,
websites, Google docs,

Participant 35 Smart boards, websites, computer lab,
virtual reality

Participant 13 Computer lab, smartphones, smart
boards, websites

Participant 36 Smart boards, virtual reality, websites,
software programs, computer lab

Participant 14 Smart boards, websites, software
programs, computer lab, internet

Participant 37 Software programs, interactive whiteboards, laptops, computer lab, virtual
reality

Participant 15 Computer labs, smartphones, websites, smart boards

Participant 38 Interactive whiteboards, software programs, iPads, laptops, discussion forums,
computer lab, educational games, virtual
reality, mixed reality (MR)

Participant 16 Computer lab, interactive whiteboards, Participant 39 Virtual reality, software programs, intervirtual labs, software programs, iPads,
active whiteboards, computer lab,
websites, discussion forums,
Participant 17 Interactive whiteboards, virtual labs,
software programs, iPads, websites

Participant 40 Smart boards, virtual reality labs, computer lab, software programs, iPads

Participant 18 Computers, software programs, iPads,
Websites, Educational Games, interactive whiteboards, virtual reality

Participant 41 Interactive whiteboards, smartphones,
virtual reality, websites

Participant 19 Interactive whiteboards, virtual labs,
software programs, iPads, websites

Participant 42 Interactive whiteboards, virtual labs,
software programs, iPads, websites

Participant 20 Interactive whiteboards, virtual labs,
software programs, iPads, websites

Participant 43 Smart boards, virtual reality websites,
computer lab, software programs, iPads

Participant 21 Interactive whiteboards, Laptops,
smartphones, computer lab, websites

Participant 44 Smart boards, smartphones, educational
games, virtual reality, websites
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Table 4 (continued)
Participant

Smart educational technologies

Participant

Smart educational technologies

Participant 22 Computers, Smart boards, software
programs, websites

Participant 45 Virtual labs, software programs, iPads,
websites, interactive whiteboards

Participant 23 Smart boards, iPads, software programs, discussion forums, Laptops,
computer lab, virtual reality

Participant 46 Computers, smartphones, interactive
whiteboards, computer labs, websites

various smart educational technologies, five academics (10.9%) identified that they
almost always use smart educational technologies, nine academics (19.6%) occasionally use various smart educational technologies, nine academics (19.6%) all the time
use various smart educational technologies, and no academics (0%) stated that they
never used smart educational technologies in their educational activities (Table 5)
which represents frequencies and percentages for each variable ordered by the highest value.
Participants were also asked to select the proficiency level that best describe them
as users of telepresence robots. In response to the question, twenty-four academics
(52.17%) stated that they are unfamiliar with telepresence robots and have no experience in working with robotics technology, while five academics (10.87%) stated that
they are newcomers, and seven academics (15.22%) are beginners, and seven academics (8.70%) stated that they have ordinary competency level, three academics (6.52%)
have advanced proficiency level (6.52%), and three academics (6.52%) have expert
proficiency level. This finding is expected, as telepresence robots are new as an educational technology in developing countries (Ponce et al., 2019) (Table 6).
Table 5 Academics’ responses regarding the frequency they use various smart educational
technologies in their educational activities
Variable

N

% (of total)

Frequently

12

26.1

Rarely

11

23.8

5

10.9

Almost always
Occasionally

9

19.6

All the time

9

19.6

0

0

Never

46

100

Table 6 Academics’ proficiency levels regarding using telepresence robots’ technology
Proficiency levels

Number and
percentage (%)

Unfamiliar I do not have experience with telepresence robots’ technology

24 (52.17%)

Newcomer I have tried to employ telepresence robots’ technology, but I still need help regularly

5 (10.87%)

Beginner I can carry out core functions in a few numbers of telepresence robots’ applications

7 (15.22%)

Average I show an ordinary competency in some telepresence robots’ applications

4 (8.70%)

Advanced I have the ability to competently employ a diverse range of telepresence robots’
applications

3 (6.52%)

Expert I am highly competent in employing telepresence robots’ applications

3 (6.52%)
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Questionnaire section 3: using telepresence robots

Academics were also asked to determine their experience with using telepresence robots
in their educational activities. While, forty-one (89.13%) of the academics mentioned
that they have never employed telepresence robots in their educational activities, only
five academics (10.87%) used telepresence robots in their educational activities. Moreover, academics were asked to indicate the total amount of professional development they
received to employ telepresence robots in their educational activities, twenty-four academics (52.17%) stated that they have not received any training to employ telepresence
robots in their educational activities, while twenty-two academics (47.83%) stated that
they had received more than a full day professional development workshop.
Academics were also asked to determine the total amount of professional development they need to employ telepresence robots in their educational activities. Three
academics (6.5%) stated that they need a full day or less professional development
workshop, while twenty-six academics (56.5%) stated that they need more than onesemester professional development programs, five academics (10.9%) stated that they
need a one semester course, and twelve academics stated that they need more than a
one semester course (Table 7).
Question 16 aimed at identifying the stage of the process of employing telepresence robots into educational activities. Sixteen academics (34.78%) stated that they
are aware of the existence of the telepresence robot, but never used it, However, seven
academics (15.22%) stated that they are attempting to learn the core basics of using
telepresence robots, and three academics (6.52%) stated that they have begun to
understand how to employ telepresence robots and can suggest some applications in
which they might be effective (Table 8).
Question 17 aimed to explore academics’ perceptions of the potential obstacles that
may hinder them from using telepresence robots in virtual transnational education
as: no obstacle at all, minor obstacle, moderate obstacle, severe obstacle, or a very
severe obstacle. Table 9 shows academics’ responses.
All the participants stated that all the mentioned obstacles are very severe, except
for PO1 and PO2 which most of the participants considered them as moderate ones.
Table 10 shows academics’ responses to question 18, which was: “What kinds of
support that academics need in order to uptake telepresence robots in virtual transnational education?”
Questionnaire section 4: academics overall perceptions

As regards to academics’ responses to question 19, which was a 5-point Likert Scale
question regarding the potential benefits that may encourage academies to employ
telepresence robots in virtual transnational education.
Table 7 Academics’ perceptions of the total amount of professional development they need
Variable
A full day or less
More than a full day
A one semester course
More than a one semester course

N

% (of total)

3

6.5

26

56.5

5

10.9

12

26.1
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Table 8 Six stages of the process of employing telepresence robots into educational activities
Stages’ descriptions

Number and
percentage (%)

Awareness I am aware of the existence of the telepresence robot, but never used it. I am worried about the expectations of employing telepresence robots

16 (34.78%)

Learning I am attempting to learn the core basics of using telepresence robots. I am often
dissatisfied about employing telepresence robots and I do not have confidence when using
them

7 (15.22%)

Understanding I have begun to understand how to employ telepresence robots and can suggest some applications in which they might be effective

3 (6.52%)

Familiarity I am building self-confidence in employing telepresence robots for certain educational activities. I feel comfortable to some extent when employing the telepresence robots

0 (0%)

Adaptation I think telepresence robots are educational tools that can enable me in carrying out some educational practices and I am not anxious about them as technologies. I can
employ a wide range of telepresence robots’ applications

0 (0%)

Creative application I have the ability to apply all I know about telepresence robots in different
education contexts. I can use them as instructional tools and have integrated them into the
courses I teach

0 (0%)

Table 11 presents means and standard deviations for the academics’ responses
regarding each potential benefit of employing telepresence robots in virtual transnational education ordered by the highest mean value. Higher mean values indicate a
higher level of agreement between academics on the potential benefits, whereas lower
mean values indicate a lower level of agreement. As shown in Table 11, it turns out to
be relatively high (M = 4.67, SD = 0 0.442).

Conclusions, discussion and future work
The idea of virtual transnational education has gained great prominence as a consequence of the COVID-19 pandemic. Virtual transnational education is rooted in
the notion of enabling students to study, collaborate with educators and peers from
other countries through using the up-to-date information and communication technologies. Telepresence robots are remarkably innovative educational tools that can
enhance virtual transnational education to make it feel a little more like a real one.
The results of this study indicate that university academics perceive the important
educational potentials of telepresence robots. Therefore, this study concurs with
Kwon et al. (2010), Ogawa et al. (2011), Benitti (2012), Kristoffersson et al. (2013),
Tanaka et al. (2014), Rubenstein et al. (2015), Kennedy (2016), Bell (2017), Conti et al.
(2017), Anwar et al. (2019), Gonnot et al. (2019), Lister (2020), Fitter et al. (2020),
Corsby and Bryant (2020) and Rosenberg-Kima et al. (2020) regarding the positive
effects of robots on enhancing educational activities for remote students. Specifically,
the study results concur with Bell (2017), Gleason and Greenhow (2017) and Liao
and Lu (2018) regarding that telepresence robots can enhance education for remote
students.
Although all the participants stated that their access to smart educational technology is above 67% and they use various smart technologies in their educational activities, 16 (34.78%) academics stated that they have never used telepresence robots in
their educational activities. This finding is quite expected, as telepresence robots are
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Table 9 Potential obstacles that may hinder academics from using telepresence robots
Potential obstacles

% Academics identified as
Minor obstacle Moderate obstacle Severe obstacle Very severe obstacle

PO1 Using telepresence
robots would not be in line
with the way I realize the
principles of teaching and
learning practices

1 (2.2%)

39 (84.8%)

3 (6.5%)

3 (6.5%)

PO2 The difficulty of knowing how to implement the
telepresence robot system
architecture

19 (41.3%)

21 (45.7%)

3 (6.5%)

3 (6.5%)

PO3 There are not enough
number of telepresence
robots available in university

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO4 Generally, academics
do not have access to the
related software

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO5 Usually, there are not
enough computers for
programing the telepresence robots

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO6 Using telepresence
robots require more effort
and time for classroom
management

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO7 using telepresence
robots will increase the
amount of stress for
academics because some
international students may
know more about telepresence robotics than some
academics do

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO8 Academics do not feel
confident enough to use
telepresence robots in their
educational activities

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO9 Lack of sufficient
administrative support

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO10 lack of appropriate
technological support

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO11 Lack of reference cases

0 (0%)

0 (0%)

0 (0%)

46 (100%)

PO12 The difficulty of the
integration of telepresence robots in a classroom
environment

0 (0%)

0 (0%)

0 (0%)

46 (100%)

new as an educational technology (Cha et al., 2017; Newhart et al., 2016; Yousif, 2021).
Despite the above-mentioned educational benefits of telepresence robots, this study
revealed that using telepresence robots to enhance virtual transnational education
has many potential obstacles that academics may encounter, especially as regards to
the use of telepresence robots which would not be in line with the way they realize the
principles of teaching and learning practices and they do not feel confident enough to
use telepresence robots in their educational activities because they think it will be
difficult for them to implement the telepresence robot system architecture. In accordance with the existing literature (Kennedy, 2016; Liao & Lu, 2018; Theodoropoulos
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Table 10 Kinds of support that academics need in order to use telepresence robots
Kinds of support

Number and
percentage (%)

How to select the best fit telepresence robot

41 (89.1%)

Appropriate logistical support

37 (80.4%)

Technological support regarding knowing how to implement the telepresence robot system
architecture

46 (100%)

Pre-service and in-service appropriate capacity building

46 (100%)

Pedagogical support regarding the educational collaborative activities and assessment procedures that should be adapted to the use of telepresence robots

38 (82.6%)

How to align educational environments with the requirements of using telepresence robots to 38 (82.6%)
maximize learners’ potentials
Building confidence in using telepresence robots among academics and stakeholders

43 (93.5%)

et al., 2017; Yousif, 2021), the results showed that the obstacles included inadequate
access to the related hardware and software, inadequate administrative and technological support, the difficulty of integration of telepresence robots in a traditional
classroom environment, and lack of reference cases and enough knowledge about telepresence robots.
Furthermore, the analysis of the data revealed that all the academics perceived that
pre-service and in-service appropriate capacity building, technological support regarding knowing how to implement the telepresence robot system architecture, and building
confidence in using telepresence robots among academics and stakeholders are the most
important support they need. Most of the academics (56.5%) stated that more than a full
day is enough for them to be able to successfully use telepresence robots in their educational activities, and (26.1%) academics perceived that they need more than one semester course. Pedagogical, logistical and technological support are other types of support
that academics perceived to be very important. In this respect, to make it possible to
use telepresence robots to enhance virtual transnational education, actions should be
taken both centrally and at universities’ level. An important action that can make it work
in this direction which is carrying out pre-service and in-service appropriate capacity
building programs.
Overall, the analysis of the results suggests that there is positive perception of academics regarding the uptake of telepresence robots in a virtual transnational education to enhance it. Finally, an in-depth dialogue should be opened among all the
stakeholders on the great importance of the uptake of telepresence robots to enhance
virtual transnational education by adopting supportive educational policies and strategies and the best practices and reference cases developed in developed countries.
Future research is needed as regards to the institutional factors which influence the
integration of telepresence robots in higher education, as well as exploring the students’ perceptions of learning via telepresence robots, in order to better understand
telepresence robots’ educational potentials and limitations. Furthermore, no single
solution is always best, so it is recommended that future research continue exploring
and experimenting with a variety of solutions to figure out what solution is preferable
in a particular educational context for a specific goal, since the capabilities of telepresence robots technology are evolving and expanding.
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Table 11 Academics’ responses regarding the potential benefits of employing telepresence robots
in virtual transnational education
Potential benefits

% Academics identified as
Strongly Disagree Neutral Agree
disagree

Strongly agree M

SD

Pb1 Make virtual international
education feel a little more
like face-to-face transnational
education

0

0

0

3 (6.5%)

34 (93.5%)

4.93

0.250

Pb2 Help remote students to
stay connected to educators and
other students

0

0

0

3 (6.5%)

34 (93.5%)

4.93

0.250

Pb3 Enhance and improve educational experiences for remote
learners

0

0

0

8 (17.4%)

38 (82.6%)

4.83

0.383

Pb4 Promote collaborative learning in an authentic and interactive environment

0

0

0

8 (17.4%)

38 (82.6%)

4.83

0.383

Pb5 Enable remote international
students to exchange their ideas
and opinions with their peers

0

0

0

9 (19.6%)

37 (80.4%)

4.80

0.401

Pb6 Develop positive attitude
about virtual transnational
education

0

0

0

9 (19.6%)

37 (80.4%)

4.80

0.401

Pb7 Help students to gain the
skills they need for living and
working in the digital age

0

0

0

9 (19.6%)

37 (80.4%)

4.80

0.401

Pb8 Encourage students to pursue their international education

0

0

0

11 (23.94%) 35 (76.1%)

4.76

0.431

Pb9 Can tackle the consequences 0
of the COVID-19 crisis on international students

0

0

13 (28.3%)

33 (71.7%)

4.72

0.455

Pb10 Improve technology literacy 0
of academics and students

0

0

21 (45.7%)

25 (54.3%)

4.54

0.504

Pb11 Empower international
0
students to learn with their peers,
despite geographic distance

0

1 (2.2%) 22 (47.8%)

23 (50.0%)

4.48

0.547

Pb12 Can tackle the challenges of 0
virtual internationalism of higher
education

0

3 (6.5%) 21 (45.7%)

22 (47.8%)

4.41

0.617

Pb13 facilitate teaching and
learning activities

0

0

3 (6.5%) 27 (58.7%)

16 (34.8%)

4.28

0.584

Pb14 Offer new opportunities
0
for academics to be learning
facilitators rather than knowledge
providers

0

3 (6.5%) 27 (58.7%)

16 (34.8%)

4.28

0.584

4.67

0.442

Potential benefits

Abbreviation
ICT: Information and Communication Technology.

Supplementary Information
The online version contains supplementary material available at https://doi.org/10.1186/s40561-021-00173-8.
Additional file 1. The Manuscript.

Khadri Smart Learn. Environ.

(2021) 8:28

Acknowledgements
Not applicable.
Authors’ contributions
Hanaa Ouda Khadri is the only contributor to the research.
Funding
Not applicable.
Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or analyzed during the current study.
Declaration
Ethical approval
All procedures performed in studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
Conflict of interest
The author declares that they have no conflict of interest.
Competing interests
The author declares that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.
Informed consent
Informed consent was obtained from all individual participants included in the study.
Received: 24 June 2021 Accepted: 19 October 2021

References
Ahumada-Newhart, V., & Eccles, J. S. (2020). A theoretical and qualitative approach to evaluating children’s robot-mediated levels of presence. Technology, Mind, and Behavior, 1(1). https://doi.org/10.1037/tmb0000007.
Ahumada-Newhart, V., & Olson, J. S. (2019). Going to school on a robot: Robot and user interface design features that
matter. ACM Transactions on Computer-Human Interaction (TOCHI), 26(4), 1–28. https://doi.org/10.1145/3325210.
Alimisis, D., & Kynigos, C. (2009). Constructionism and robotics in education. In D. Alimisis (Ed.), Teacher education on
robotics-enhanced constructivist pedagogical methods (pp. 11–26). ASPETE.
Anwar, S., Bascou, N. A., Menekse, M., & Kardgar, A. (2019). A systematic review of studies on educational robotics. Journal
of Pre-College Engineering Education Research (J-PEER), 9(2), 2. https://doi.org/10.7771/2157-9288.1223
Barker, B. S., & Ansorge, J. (2007). Robotics as means to increase achievement scores in an informal learning environment.
Journal of Research on Technology in Education, 39(3), 229–243. https://doi.org/10.1080/15391523.2007.10782481
Bell, J. (2017). Telepresence robots give distance students their own seat at the table. https://edtechmagazine.com/higher/
article/2017/03/telepresence-robots-give-distance-students-their-own-seat-table
Benitti, F. B. V. (2012). Exploring the educational potential of robotics in schools: A systematic review. Computers & Education, 58(3), 978–988. https://doi.org/10.1016/j.compedu.2011.10.006
Boaretto, A., & Volungevičienė, A. (2013). Student guide on VMCOLAB Consortium. http://vmcolab.eu/wp-content/uploads/
2013/10/studentsGuideA5_v06_FINAL.pdf
Bunt-Kokhuis, S. G. (2001). Academic pilgrims: Faculty mobility in the virtual world. On the Horizon, 9(1), 1–6.
Cha, E., Chen, S., & Mataric, M. J. (2017). Designing telepresence robots for K-12 education. In 2017 26th IEEE international
symposium on robot and human interactive communication (RO-MAN) (pp. 683–688). IEEE.
Chalmers, C. (2013, March). Learning with FIRST LEGO League. Paper presented at the Society for Information Technology
and Teacher Education (SITE) Conference, New Orleans, Louisiana.
Conti, D., Cirasa, C., di Nuovo, S., & di Nuovo, A. (2020). Robot, tell me a tale! A social robot as tool for teachers in Kindergarten. Interaction Studies, 21, 221–243.
Conti, D., di Nuovo, S., Buono, S., & di Nuovo, A. (2017). Robots in education and care of children with developmental
disabilities: A study on acceptance by experienced and future professionals. International Journal of Social Robotics,
9, 51–62.
Corsby, C. L. T., & Bryant, A. (2020). I felt like I was missing out on something: An evaluation of using remote technology in
the classroom. Education and Information Technologies, 25, 4897–4914. https://doi.org/10.1007/s10639-020-10207-2
Creelman, A., & Löwe, C. (2019). Mainstreaming virtual mobility—Helping teachers to get onboard. In A. Turula, M. Kurek,
& T. Lewis (Eds.), Telecollaboration and virtual exchange across disciplines: In service of social inclusion and global citizenship (pp. 15–22). Research-publishing.net. https://doi.org/10.14705/rpnet.2019.35.935
Daruwalla, Z. J., Collins, D. R., & Moore, D. P. (2010). Orthobot, to your station!" The application of the remote presence
robotic system in orthopaedic surgery in Ireland: A pilot study on patient and nursing staff satisfaction. Journal of
Robotic Surgery, 4(3), 177–182.
De Wit, H. (2002). Internationalization of higher education in the USA and Europe: A historical, comparative, and conceptual
analysis. Greenwood Press.

Page 17 of 19

Khadri Smart Learn. Environ.

(2021) 8:28

El Said, G. R. (2021). How did the COVID-19 pandemic affect higher education learning experience? An empirical investigation of learners‘ academic performance at a university in a developing country. Advances in Human–computer
Interaction. https://doi.org/10.1155/2021/6649524
Ensign, T. I. (2017). Elementary educators’ attitudes about the utility of educational robotics and their ability and intent to use
it with students. Graduate theses, dissertations, and problem reports. 5546. https://researchrepository.wvu.edu/etd/
5546
Fitter, N. T., Raghunath, N., Cha, E., Sanchez, C. A., Takayama, L., & Matarić, M. J. (2020). Are we there yet? Comparing
remote learning technologies in the university classroom. IEEE Robotics and Automation Letters, 5(2), 2706–2713.
Gleason, B., & Greenhow, C. (2017). Hybrid learning in higher education: The potential of teaching and learning with
robot-mediated communication. Online Learning, 21(4), 159–176.
Gonnot, A., Michel, C., Marty, J.-C., & Cordier, A. (2019). Social robots in collaborative learning: Consequences of the
design on students’ perception. In 11th International conference on computer supported education, May 2019,
Heraklion, Greece. ffhal-02112520ff. https://hal.archives-ouvertes.fr/hal-02112520
Gura, M. (2012). Lego robotics: STEM sport of the mind. Learning and Leading with Technology, 40(1), 12–16. http://eric.
ed.gov/?id=EJ991224
Han, J. (2012). Emerging technologies: Robot assisted language learning. Language Learning & Technology, 16(3), 1–9.
http://llt.msu.edu/issues/october2012/emerging.pdf
Henderson, N. (1991). The art of moderating: A blend of basic skills and qualities. Quirks Marketing Research Review.
http://www.quirks.com/articles/al991/19911209.aspx?searchID=83327&sort=5&pg=l
Karypi, S. (2018). Educational robotics application in primary and secondary education. A challenge for the Greek
teacher’s society. Journal of Contemporary Education, Theory & Research, 2(1), 9–14. de:0111-pedocs-190946.
http://nbn-resolving.de/urn:nbn:de:0111-pedocs-190946
Kennedy, J. (2016). Colleges are bringing telepresence robots into the classroom to better engage distance learning
students and keep traditional lectures lively, TechDecisions, 20–21. https://mytechdecisions.com/unified-commu
nications/why-telepresence-robots-are-polpular-in-higher-education-how-to-use-one-in/
Khanlari, A. (2014). Teachers’ perceptions of using robotics in primary/elementary schools in Newfoundland and Labrador.
Masters thesis, Memorial University of Newfoundland. https://research.librar y.mun.ca/8068/
Knight, J. (2008). Higher education in turmoil: The changing world of internationalization. Sense Publishers.
Knight, J. (2012). Concepts, rationales, and interpretive frameworks in the internationalization of higher education. In
D. Deardorff, H. de Wit, J. Heyl, & T. Adams (Eds.), The Sage handbook of international higher education (pp. 27–42).
Sage Publication.
Knight, J. (2016). Meaning, rationales and tensions in the internationalization of higher education. In S. McGrath & Q.
Gu (Eds.), Routledge handbook of international education and development (pp. 325–339). Routledge.
Kory, J. M., Jeong, S., & Breazeal, C. L. (2013). Robotic learning companions for early language development. In Proceedings of the 15th ACM on international conference on multimodal interaction (pp. 71–72). ACM. https://doi.org/
10.1145/2522848.2531750
Kreijns, K., Kirschner, P. A., & Jochems, W. (2002). The sociability of computer-supported collaborative learning environments. Educational Technology & Society, 5(1), 8–22.
Kristoffersson, A., Coradeschi, S., & Loutfi, A. (2013). A review of mobile robotic telepresence. Advances in HumanComputer Interaction, 201(3), 1–17. https://doi.org/10.1155/2013/902316
Kwon, O. H., Koo, S. Y., Kim, Y. G., & Kwon, D. S. (2010, October). Telepresence robot system for English tutoring. In 2010
IEEE workshop on advanced robotics and its social impacts (pp. 152–155). IEEE.
Liao, J., & Lu, X. (2018). Exploring the affordances of telepresence robots in foreign language learning. Language
Learning & Technology, 22(3), 20–32. https://doi.org/10125/44652.
Lister, T. (2020). Meaningful engagement via robotic telepresence: An exploratory case study. Current Issues in Emerging eLearning, 6(1). https://scholarworks.umb.edu/ciee/vol6/iss1/6
Merriam, S. B. (1998). Qualitative research and case study applications in education. Jossey-Bass Publishers.
Minsky, M. (1980). Telepresence. Omni Magazine, 2(9), 45–51. https://philpapers.org/rec/MINT
Newhart, V. A., Warschauer, M., & Sender, L. (2016). Virtual Inclusion via telepresence robots in the classroom: An
exploratory case study. The International Journal of Technologies in Learning, 23(4), 9–25. https://escholarship.org/
uc/item/9zm4h7nf
Ogawa, K., Nishio, S., Koda, K., Taura, K., Minato, T., Ishii, C. T., & Ishiguro, H. (2011). Telenoid: Tele-presence android for
communication. In ACMSIGGRAPH 2011 emerging technologies on SIGGRAPH ’11 (p. 1). ACM Press.
O’Mahony, J. (2014). Enhancing student learning and teacher development in transnational education. The Higher
Education Academy.
Paulos, E., & Canny, J. (1998). Prop: Personal roving presence. In Proceedings of the SIGCHI conference on human factors
in computing systems, January 1998 (pp. 296–303). https://doi.org/10.1145/274644.274686
Petre, M., & Price, B. A. (2004). Using robotics to motivate back door learning. Education and Information Technologies,
9(2), 147–158.
Ponce, P., Molina, A., Caudana, E. O. L., Reyes, G. B., & Parra, N. M. (2019). Improving education in developing countries
using robotic platforms. International Journal on Interactive Design and Manufacturing (IJIDeM), 13, 1401–1422.
https://doi.org/10.1007/s12008-019-00576-5
Reis, A., Martins, M., Martins, P., Sousa, J., & Barroso, J. (2019). Telepresence robots in the classroom: The state-of-theart and a proposal for a telepresence service for higher education. In International conference on technology and
innovation in learning, teaching and education (pp. 539–550). Springer.
Roberts, J., & Arnold, D. (2012). Robots, the internet and teaching history in the age of the NBN and the Australian
curriculum. Teaching History, 46(4), 32–34. http://eprints.qut.edu.au/83477/
Rosenberg-Kima, R. B., Koren, Y., & Gordon, G. (2020). Robot-supported collaborative learning (RSCL): Social robots as
teaching assistants for higher education small group facilitation. Frontiers in Robotics and AI, 6, 148. https://doi.org/
10.3389/frobt.2019.00148

Page 18 of 19

Khadri Smart Learn. Environ.

(2021) 8:28

Rubenstein, M., Cimino, B., Nagpal, R., & Werfel, J. (2015). AERobot: An affordable one-robot-per-student system for early
robotics education. In IEEE international conference on robotics and automation (ICRA) (pp. 6107–6113). IEEE. https://
doi.org/10.1109/ICRA.2015.7140056
Tanaka, F., Takahashi, T., Matsuzoe, S., Tazawa, N., & Morita, M. (2014). Telepresence robot helps children in communicating with teachers who speak a different language. In Proceedings of the 2014 ACM/IEEE international conference on
human–robot interaction—HRI ’14 (pp. 399–406). ACM Press.
Theodoropoulos, A., Antoniou, A., & Lepouras, G. (2017). Teacher and student views on educational robotics: The PanHellenic competition case. Application and Theory of Computer Technology, 2(4), 1–23.
Tsui, K. M., Desai, M., Yanco, H. A., & Uhlik, C. (2011). Exploring use cases for telepresence robots. In Proceedings of the 6th
international conference on human–robot Interaction—HRI 11. https://doi.org/10.1145/1957656.1957664
Van de Wende, M. (1997). Missing links: the relationship between national policies for internationalization and those for
higher education in general. In T. Kalvermanrk & M. Van der Wende (Eds.), National policies for the internationalization
of higher education in Europe. Stockholm: Hogskoleverket Studies, National Agency for Higher Education. https://
www.uka.se/download/18.12f25798156a345894e2d4a/1487841932292/9708S.pdf
Yatagiri, V. S. K. (2020). The ideal telepresence robot for education: Configuration and tools. Master of Science, Graduate
School, Southern Illinois University Edwardsville.
Yousif, J. (2021). Social and telepresence robots a future of teaching. Artificial Intelligence & Robotics Development Journal,
1(1), 58–65. https://doi.org/10.52098/airdj.202124
Zhang, M., Duan, P., Zhang, Z., & Esche, S. (2018). Development of telepresence teaching robots with social capabilities
(Vol. 52064, p. V005T007A017). https://doi.org/10.1115/IMECE2018-86686

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Page 19 of 19

