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Abstract. Current immersive technology applications, such as virtual and aug-
mented reality (VR/AR), are still limited in providing an immersive experience
in which a user is perceived in 3 dimensions (3D) as their real self. Furthermore,
research on such immersive environments applied to educational contexts is
scarce. To investigate the unexplored opportunities of immersive technologies in
education, we carried out a trial of our tele-immersive platform (TIP) with ele-
mentary school 6th grade learners (12—13-year-olds) working on an environmen-
tal study lesson. During our investigations, we applied qualitative analysis of the
learners’ focus group interview, researchers' field notes, and recordings of test
sessions, alongside descriptive statistics of questionnaires. Learners expressed
feelings of positive surprise and excitement, and felt the technology enabled their
participation throughout the lesson. Learners recounted feelings of ‘being there’
inside the environment, and in the company of the teacher. Learners agreed that
their sense of physical proximity and presence inside the immersive environment
is similar to that of face-to-face interaction with the teacher. With our investiga-
tions, the opportunities of this emerging technology towards boosting online ed-
ucational activities for learners to develop their 21C skills are highlighted. Our
findings indicate that the introduced 3D TIP technology has the critical potential
to overcome psychological strains due to physical distance in online education.

Keywords: Sense of presence, immersive learning environments, 21C skills

1 Introduction

The outbreak of the Covid-19 pandemic since 2020 has rapidly increased the demand
for online communication in education. We see the use of online platforms ranging
from asynchronous email, online discussion boards, and blogs, to synchronous video
conferencing, text messaging and Voice-over-IP services (in which the learners and
instructor are together online at the same time) as well as hybrid formats combining
different forms of media (e.g., text, audio, video) and different timescales (e.g., asyn-
chronous, synchronous) within the same meeting [1]. Technologies such as virtual
(VR), augmented (AR) or extended reality (XR), might be used to create more realistic
group encounters for distance learning and online collaborative activities, for instance.
In this vein, immersive learning environments expanding traditional VR or telepresence


mailto:erkki.rotkonen@utu.fi,
mailto:erkki.rotkonen@utu.fi,
mailto:nicolas.pope@utu.fi
mailto:erkki.sutinen@utu.fi

are emerging as a suitable solution for supporting novel forms of online collaboration
and practices [2, 3]. Nevertheless, the fast demand for the development of immersive
technologies in educational practices is ridden with limitations that can be addressed at
the design stage, through the involvement of students and teachers throughout the de-
sign process, as advocated by co-design [4]. Still, there remains insufficient evidence
about the effect of immersive 3D video technology on an overall sense of presence or
on key factors related to learning. [3].

In previous work, in which primary school children collaborate across national, re-
gional, political and cultural boundaries in the same immersive virtual learning space,
Rotkonen et al. (2019) [5] reported concrete suggestions that the learners provided for
improvements, including the use of real faces rather than drawn avatars, and their wish
to meet, get to know each other, talk, shake hands, play and be together in the virtual
environment as normally as they act in real life.

To further investigate this matter, we have designed and implemented a live 3D tele-
immersive platform (TIP) - an environment for K-12 education providing an immersive
three-dimensional alternative to video. TIP integrates novel 3D video technologies,
within which the teacher can be perceived in 3 dimensions, generating a sense of being
with a real-life person, instead of an avatar. In our prototype, rather than using immer-
sive virtual environments, real environments are digitally captured live to form a high-
fidelity model of a physical space and its occupants.

Extending the work of Rdtkonen et al. (2019), our study is, therefore, a preliminary
investigation of the experiences and sense of presence that TIP technologies can gen-
erate. We are seeking for signs of the potential positive effects of the TIP technology,
as well as identifying the main challenges the technology presents in online educational
contexts. Hence, this paper investigates further the opportunities and challenges in re-
lation to the sense of presence, technology and education that is perceived within our
TIP prototype during an online learning activity for elementary school children. We
believe this kind of technology is very promising for creating and supporting novel
forms of collaboration and practices for students and teachers during distance, as well
as hybrid, learning activities. Our research questions, therefore, are:

RQ 1) What are the perceptions of the learners towards the new 3D telepresence tech-
nology for education?

RQ 2) What impact does the new 3D telepresence technology currently have on the
learners’ sense of presence?

2 Related Work

Information and communication technology (ICT) tools are now mainly used in schools
in traditional ways to communicate, create, disseminate, store, and manage information,
for instance, which has been reported to undermine the potential by which technology
can reform the education realm [6]. However, as new pedagogical approaches emerge,
aided by ICT tools, there is a change in education from the traditional teacher-centred
classroom to a collaborative learner-centred classroom where learners can be actively
engaged in the educational process, and knowledge, skills and attitudes are constructed



and distributed in a collaborative way. Furthermore, the trend of the 21C towards a
globally connected world, facilitated by the access to online technologies, has also had
a profound impact on developing online collaborative learning as a new paradigm, con-
necting learners globally beyond the classroom. When learners are geographically dis-
persed, online technologies can be used to create connections and communication for
sharing ideas and to co-create new understandings with others, making the local con-
nect with the global, and learning happens in interconnected situations, utilising online
technologies [7]. The utilisation of ICT is a way for learners to develop 21C skills [8],
to prepare them as global citizens. Thus, under the collaborative learning paradigm, a
future school needs to be equipped with people, tools and partnerships that allow the
school to support its learners and local communities to act in the world, to set problems
and solve them, extend their curiosity and to act upon it from a global perspective [9].

In order to support online collaborative learning and connect globally, emerging im-
mersive technologies may provide functional solutions, since they can support the user
to perceive each other in a natural way inside an otherwise virtual, or digitally gener-
ated, environment. For instance, VR applications can enhance learning and advance
social and creative skills, and the use of them in learning situations seems to improve
digital-age interactive literacy, creative thinking, communication, collaboration and
problem-solving ability, which constitute 21C skills [10]. However, currently available
educational technologies, such as e-learning tools, or traditional VR platforms, such as
Second Life and Active Worlds, do not offer realistic learning experience environ-
ments, as these technologies are not able to replicate the perception of presence, a sense
of “being there” with another person as in real life, which is vital for providing close-
to-real-life experience and interactions. Social interactions are particularly important in
K-12 educational contexts [11], as peer learning and socially constructed knowledge
have been demonstrated to be fundamental for the socio-cognitive development of the
learners in that age.

However, the concept of presence is very broad and has a variety of definitions and
meanings. In our study, we look at the sense of presence in three dimensions: presence
can offer insights into the medium’s ability to provide the feeling that the user is “there”
inside the media (telepresence), as well as in the “company of others” (copresence). At
the same time, presence can measure the extent to which people feel that the interface
is able to provide some sense of access to another’s mind and connect people (social
presence) [12]. Presence has been recognised as a key performance goal for many sys-
tems e.g., social presence as direct contributor to the success of the educational experi-
ence [13]. However, it is still a complex task to evaluate presence in an objective way
[14]. To our knowledge, there is yet no known work on measuring a sense of presence
of 3D video technologies with children. Moreover, there is a challenge that the ques-
tions of existing data collection mechanisms are difficult for children to answer, due to
them being targeted at adults (and in our case, also language translation being required).

In the research area of technology use to support computer mediated collaboration,
there is now an increasing, but still limited, amount of work towards synchronous
telepresence technologies in education. Asynchronous collaboration tools have been
receiving more attention [15]. In terms of applications of live 3D capture technology in
education, there has been little if any progress since a few early trials [16, 17]. There is



an abundance of work on immersive virtual learning environments or Collaborative
Virtual Environments (CVEs), but not on 3D tele-immersive capture technology [15].
To our knowledge, there are currently three broad approaches being taken in industry
and academia to achieve real time hyper-realistic 3D representation of people and
spaces: a) Microsoft “Holoportation” or similar depth map fusion technologies [18]; b)
Facebook “Codec Avatars" generated using machine learning; and c¢) dynamic recon-
struction using only a single camera [19, 20]. Our own solutions at the University of
Turku fit within category (a) currently.

The focus in the literature remains technical in nature, with little pedagogical evalu-
ation and a very narrow view of the future potential. Moreover, there is little research
on the pedagogy needed to make full use of the technology in K-12 education, and there
is limited understanding of the affordances it may offer [3]. Our 3D TIP technology
can be considered as a strong candidate to meliorate the shortcomings found in online
technologies when applied to K-12 connective learning and education. In this paper,
therefore, we present opportunities and challenges of a TIP prototype, towards its rele-
vance in fostering a sense of presence among the learners that participated in our study.

3 3D Tele-immersive Platform Prototype

In our study we use an in-house developed live 3D tele-immersive video platform (TIP).
Our prototype setup consists of 6 stereo pairs of cameras, each pair connected to a
desktop computer with a GPU (NVIDIA GeForce RTX 2080) for depth processing.
The cameras are arranged around the edges of the room or group to passively capture
the scene without intrusion. Once the depth data is captured from each camera, the
camera views are merged together using camera pose information gained through a
calibration step, to achieve a high-quality fusion with reduced noise distortion and er-
rors in the different individual depth estimates from each camera.

Following fusion, the data are compressed as regular videos, using hardware for real-
time performance. After transmission, the multiple video feeds for colour and depth are
decoded, compression artefacts are filtered, and then arbitrary 3D views can be ren-
dered locally using a straightforward point-cloud or mesh rendering combined with
reprojection to the colour video feeds to add texture. Additionally, virtual objects, in-
cluding live screen captures placed on walls or tables, can be mixed into the final scene.
The overall latency of our prototype is around 200 ms, allowing a two-way experience
where each physical space is captured and transmitted to the same web server. A view-
ing client can then obtain the data of multiple spaces and merge them together during
the render step. The rendering is then viewed via a computer 2D display (using a web
browser or an Open GL renderer), via an AR/VR headset or via a mobile phone.

4 Study Methodology

Our work is framed within a pragmatic research paradigm and is using research through
design as a methodology [21]. This methodology states that research may develop not
only through increasing agreement, but also through discursiveness and elaboration.



Thus, rather than making statements about what is, the design aspect of the research is
concerned with creating what might be [22]. In order to understand the applicability of
3D immersive video technology in real educational settings, we carried out testing ses-
sions of an in-house prototype system together with learners, teachers and researchers.
The prototype testing was designed to allow measuring the sense of presence that the
technology fostered in the learners. As such, this study is framed within the following
hypotheses:

H1: The perceptions of the learners on the use of 3D immersive video in education will
be positive. (RQ1)

H2: Immersive 3D video technology will foster a high sense of presence in the learners.

(RQ2)
4.1 Participants

Fourteen learners (6th grade, 12—13-year-olds) at one elementary school in Finland
were chosen via random selection and given the opportunity to participate in testing our
3D tele-immersive video technology prototype. The elementary school involved is gov-
erned and financed by the municipality. Written permission was obtained from the par-
ents or guardians of all participating learners, and the learners were also informed at
the beginning about the nature of the research. Some learners had previously partici-
pated in research studies on unrelated VR technologies with our university. A single
teacher at the same school was involved in the prototype testing and the learners knew
the teacher well.

4.2  Experimental Setup and Testing Sessions

VR headset

2D rendering of teacher
on PC monitor scen by
the researchers. The reacher
had a similar view of the
student.

Fig. 1. Experimental setup, learner's view, and 3D rendering

During testing, the learners were in the school whilst the teacher was in another physi-
cally separate space off site, at our university facilities. The system was set one-way so
that the digital view of the captured physical space where the teacher was located was
received by the learners using an AR/VR headset (see Fig. 1). The teacher viewed the



learners via a 2D display of a client computer using GeForce 1050+ and OpenGL ren-
derer. This implementation was used in order to test a suitable trade-off between the
system affordances, the costs of implementation, and the beneficial outcome of using
this type of emerging technology in education from the learner’s perspective (the learn-
ers are the ones that observe the teacher in 3 dimensions inside the immersive environ-
ment). Two researchers and a single video camera were located with the children to
record the activity. The digital view of the VR headset viewpoint was recorded also for
analysis. The 3D data was also recorded in addition to the video view of the participant.
Between each participant, the equipment was disinfected due in part to the ongoing
pandemic.

Each session with each learner lasted for approximately 20 minutes of which 10
minutes was the activity using the technology. After entering the testing room, the
learner filled in a pre-questionnaire on the computer. The learner was then given brief
instructions how to use the immersive 3D video prototype. After this, the learner was
set to work on an educational activity together with the teacher within the virtual envi-
ronment. The educational activity was a typical environmental study lesson related to
the different kinds of fire, a subject that they had covered in their previous academic
year and the instruction by the teacher was done by exploring the topic with the learner
synchronously using a whiteboard. Each learner was assigned a random number which
they then used to identify themselves to the observers and in their survey responses.
Immediately following the learning activity, the learner answered the presence ques-
tionnaire using an online survey tool.

4.3 Data Collection

A presence questionnaire, researchers’ observation, video analysis, and focus group in-
terview were used to investigate the hypotheses. The questions in the questionnaire
were translated into Finnish by an experienced teacher to ensure they were phrased
appropriately for the learners in their native Finnish language. The measures used in-
cluded the Temple Presence Inventory [23] the Networked Minds Questionnaire [24]
and the MEC Spatial Presence Questionnaire [25]. The sessions as well as the digital
view of the VR headset viewpoint, the 3D data and the video view of each participant
were recorded for analysis. Two researchers were located with the learners to record
the activity by taking field notes. The observations helped the researchers notice, iden-
tify, and understand different types of practical challenges that are faced during the
sessions. After all the sessions were conducted a focus group interview was arranged
with the learners. The purpose of the focus group interview was to deepen our under-
standing on the issues that were found from the observations. The interview protocol
consisted of inquiring about the learners’ feelings and experiences, feedback, and eval-
uation, as well as suggested improvements.

5 Results and Analysis

The recordings and observation notes thereof from the sessions, together with the in-
terview transcript were content analysed. We used an inductive approach to thematic



analysis [26] which resulted in three themes: sense of presence perceptions, technology
perceptions and educational applications perceptions. Here, we present these three key
themes and discuss opportunities offered and further challenges to address in relation
to the use and development of 3D tele-immersive video in educational contexts, also
answering the hypothesis set in the study.

5.1 Sense of Presence Perceptions
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Fig. 2. Social presence questionnaire (descriptive statistics)

In relation to a sense of presence, from the social presence perspective, the learners
reported that they highly perceived the teacher being immersed in the environment to-
gether with them (telepresence) also being easy to understand the teacher’s expressions
and ideas as if they were physically close (copresence), (see Fig. 2). For instance, item
2 (Q2), (I often felt that the teacher was in the same space as me) had an average re-
sponse of over 5 on a 7-points Likert scale (1= completely disagree | 7= completely
agree), while questions 3 (I hardly notice the teacher in the space) and 4 (I felt as if we
were in different places) had an average score of 2.5 or below. Similarly, items 14, 22
and 24 related to the perception of understanding between the teacher and the learners
had a high average response of 6 and above, indicating that it was easy for the students
to understand the teacher’s expressions and meanings within the virtual environment.
This validates our H2 (also providing answers to RQ2).

The learners said in the focus group interview they had a feeling of being in the
actual environment themselves and in the same space as the teacher, as indicted by the
following quote: “... and it felt as if [1 was] in the same place with the teacher. I didn’t
even notice that I was wearing the glasses.” (Girl2). Furthermore, the learners reported
that it was not really important for them whether the environment contained errors or
contradictions in order to work on the lesson: “I looked around in a way so how the
place looked like, ..., looking.., like, where you are and all... like, What’s in here?”
(Boy1 and Boy?2). In general, the learners paid attention to the teacher, his voice and
body expressions and gestures and they understood what the teacher meant during the
lesson, which shows good potential for an educational application.
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Fig. 3. (Left) Sense of self-location in the immersive environment. (Right) Perceived errors in
the immersive environment

5.2 Technology Perceptions

We observed from the collected questionnaire that even though the learners enjoyed
the immersive aspect of the technology (e.g., the feeling of ‘being there’) there are
still several issues to address in terms of their self-location within the virtual
environment. That is, for instance Fig. 3, Left, item Q4 “I felt like I was actually there
in the environment of the lesson” had an average score of 3.6 from the respondents
(Likert scale 1= not at all, 5= completely). This indicates that the learners, perhaps,
could not perceive themselves physically in the immersive environment as fully as
they could perceive their teacher. Furthermore, due to the preliminary nature of the
technology the environment tested was very basic, without distracting backgrounds or
clues as to where the learners could be located inside of it. Also, Fig. 3, Right, item
Q3 “Ididn 't really pay attention to the existence of errors or inconsistencies in the
environment”, had average score of 4.4 (Likert scale 1= completely disagree, 7=
completely agree), indicating that in fact the learners did pay attention to glitches that
occurred in the TIP environment.

Nevertheless, the focus group discussion revealed that the learners were comfortable
enough with the technology, even at this stage, to accept it despite the limitations of
self-location and errors that it presented, having strong feelings of ‘being there’, in the
company of their teacher. During our testing, even though some of the learners had
previous experiences of VR environments this novel immersive technology was totally
new and different from anything else they had experienced before: the first time they
could see someone else as her/himself in a virtual environment. A sample quote in the
following from the focus group interview highlights the issue:

Interviewer: “How did you feel when you went to the VR environment and you saw the
teacher...”

Girll: “Interesting, cool”

Girl2: “It was quite odd. I didn’t expect to see him as a whole...’
Boyl: “It was kind of odd and interesting and exciting to see...”
Boy2: “It was kind of surprising, it was different than I expected.”

These impressions of positive surprise and excitement also reveal a sense of novelty
from the use of the technology, since all the students were experiencing a 3D immersive
technology for the first time.

]

5.3  Educational Application Perceptions



The learners expressed in the focus group interview: “It was quite odd, I didn’t expect
to see him as a whole, when you could see the teacher moving and all.” (Boy2). “It
was kind of odd and interesting and exciting to see all expressions and the movements
and all the little things. ” (Girll) This indicates support for the learners to perceive each
other in a more realistic way inside a virtual environment enabling observation of subtle
details of objects e.g. for recognising people's faces and body language and (facial)
expressions which can indicate the emotional state or level of comprehension of the
others when communicating and working together.

In their answers, the learners also indicated they were able to communicate their
intentions clearly to the teacher and that their thoughts were clear to the teacher, thus
understanding each other meanings. The learners felt that the teacher paid close atten-
tion to them. Some of the learners mentioned they look curiously around the environ-
ment but that this did not actually disturb their concentration. They thought that when
the novelty factor diminishes it would be even more like a normal learning environment
for them. These reported experiences validate our H1, also offers a positive answer to
RQI.

6 Discussion

Based on results of preliminary experiments, we pose in Table 1 opportunities offered
and further challenges to address use of immersive 3D video in educational contexts.

Table 1. Summary of challenges and opportunities offered by immersive 3D video

Perspec- Challenges Opportunities
tive

HMD gadgets difficult us-
age. Lack of eye contact
Sense of when using the headset.

Feeling of being inside the actual environment.
Feeling of being in the same space as the other and
in his/her company.

Lack of d f: - . . .
presence ack ol eyes 2.1n ace ges Feeling of being able to understand the other’s in-

tures when using the head- . .

set tentions and feelings.

Positive technology acceptance.
Technology attractiveness.
Support the learners to perceive each other in a

Need for technical assis-
tance

Labori
Technol- aborious setup

ogy

. more realistic way inside a virtual environment.
Cost of equipment

HMD technology
Environment background

Recognising and observing people's faces and
other objects in great detail.
High-fidelity body language and facial expression.

Technical glitch
cehnical ghitcies Ability to arbitrarily shift the focus of attention.

Learning and developing collaborative skills
Dependence on adults, g .. P .g
. . through online interaction.
with  pre-established . . . .
. . . Learning and developing digital skills for learners
Education  power dynamics, which
. . and teachers.

may result in a power im- . . . .
Learning to express and communicate ideas in an

balance. . .
online environment.
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Perspec- Challenges Opportunities
tive

Dependence on specialised Wide array of tools available for online and hybrid
technical skills. collaboration.
Non-obstructiveness enabling learners to focus on
the learning process.
Shared interaction with real objects (e.g., using a
real whiteboard, not a digital one).
Unrestricted or informal positioning in the physi-
cal environment

Regarding a sense of presence, we observed from the collected questionnaire that
even though learners enjoyed the immersive aspect of the technology there are still
issues to address in terms of their self-location. The learners were comfortable enough
with the technology, even at this stage, to accept it despite limitations of self-location
that it presented, having strong feelings of ‘being there’, in the company of their teacher.

In terms of the technology implementation, the learners found the idea of being im-
mersed in a 3D environment appealing, in spite of the issues reported with the use of
an early prototype technology. Through the technology, the learners could perceive
subtle body language and expressions that indicate the emotional state or level of their
teacher’s understanding of what the learner say. The technology also could offer the
teacher the ability to direct their focus and look for cues on whether they and the task
are being understood. A point of consideration, however, is the high costs of imple-
mentation of the technology at the present (about 30,000€ in this setup).

With regards to education, the technology could advance 21C skills in terms of col-
laborative online and hybrid learning. Furthermore, the technology is able to isolate or
extract elements from the physical environment that could create distractions during
interactive learning activities, or conversely it could augment the virtual environment
with virtual elements. For online collaborative learning and connecting globally, be-
yond the classroom the technology could provide suitable solutions, since it can support
the learners to perceive each other in a more realistic way inside a virtual environment
enabling observation of subtle details of objects e.g. for recognising people's faces and
body language and (facial) expressions which can indicate the emotional state or level
of comprehension of the others when communicating and working together.

7 Conclusions

In this study, we investigated the experiences and sense of presence generated with a
tele-immersive 3D video environment in K-12 education. We investigated what the
main challenges are for the technology at the present as well as its potential positive
effects. Based on the collected data, we were able to provide answers to our research
questions regarding the preliminary investigation on the perceptions of the learners to-
wards 3D telepresence technology for education and the impact the new medium cur-
rently has on the learners’ sense of presence. According to our assumptions and first
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hypothesis, the perceptions of the learners on the use of immersive 3D video in educa-
tion were positive. The learners expressed feelings of positive surprise and excitement
and felt the technology enabled participation for them in the action of the lesson. Our
second hypothesis was also confirmed, as immersive 3D video technology fostered a
high sense of presence in the learners. The learners recounted the feeling that they were
“there” inside the environment and in the company of the teacher being able to com-
municate their intentions and thoughts and to reciprocally understand the teacher.

Our study, however, presents limitations including the accessibility of the technol-
ogy at present due to the high cost of the equipment, and persistent technical challenges,
such as physical discomfort and software glitches that may hinder the system’s use
during regular curriculum instruction and education. Also, the number of participants
was small, making it difficult to draw conclusions that are statistically relevant. Never-
theless, it is important to highlight the novel nature of our TIP technology under devel-
opment. It would be useful to further investigate the effectiveness of instruction within
an immersive 3D video environment in multiple iterations and lengthy implementa-
tions, in order to counter the novelty effect in the new technology, and increase the
credibility of research findings, particularly under the participatory design paradigm.
More research and development work are also needed to ease user access with lighter
technical setups and enhanced portability to, for instance, mobile devices.
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