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Abstract
In 2019, a transdisciplinary team at Masaryk University, Brno, CZ, developed a solution for collaborative education of
hypsography in immersive virtual reality (collaborative immersive virtual environment, or CIVE). Its primary purpose
was to help its users understand and apply the acquired knowledge of the principle of contour lines, which was
achieved by solving map-based tasks together in pairs. Pilot use of the environment had been a subject of qualitative
analysis, which allowed in depth insight into the users' experience, means of collaboration and communication, and
cognitive processing. (Šašinka et al., 2019) After we examined thoroughly what the participants were going through,
another research challenge has occurred: to identify and measure relevant objective variables on a quantitative level.
Complex behaviour is difficult to crumble into well observable and well measurable variables that may be later
analysed, especially in the setting pair (or group) collaboration in virtual space, where both interactions with other
users and with the elements of the environment may be significant. The aim of this paper is to present a conception for
quantitative analysis of the educational process in immersive virtual environment in the context of hypsographic task
solving. That includes identification of relevant phenomena to focus on, definition of criteria according to which these
phenomena will be assessed, and suggestion of means of statistical analysis of these data. Variables to be observed are
for instance proximity between avatars (or users’ virtual personas), avatars’ locomotion, users’ oculomotor behaviour,
speech production, and more. This conception may serve for further analysis of social interaction and provides basis
for our current research of cross-cultural differences.

1 INTRODUCTION
The development of virtual educational platforms has been running for many years now, however, recent survey
(AR/VR Innovation Report, 2019) has shown that 30 percent of developers working in virtual, augmented or mixed
reality consider education their priority for the following years. That is to no surprise of researchers working in the
field. Sadly, it does not result in much deeper insight into the educational process run in virtual environments as the
educational applications’ development seems to run in two slightly different paths: One is commercial, result oriented,
focusing on creative, innovative and entertaining se of the technology. The other, scientific branch is slower in
developing and publishing the findings and working applications as research demands rigorous, methodologically pure
procedures, and going public with any results is weighted by the lengthy review and publication process. (For
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comparison see for example an overview of interesting virtual reality (VR) commercial educational apps of 2019 by
Bambury (2020), and research-focused educational apps by Halabi et al. (2017), Solomon et al. (2011) or Šašinka et al.
(2018)). In result, there are many interesting VR educational platforms with no or very little research behind them,
while the general understanding of how the educational process, learners’ experience, or learning outcomes differ from
real world lessons or courses is still very shallow.
To overcome this knowledge abyss, Šašinka et al. (2019) published their conclusions about the subjective experience of
virtual-reality-based collaborative educational intervention participants: The application included a virtual classroom
with a table in the middle where a 2D contour map was presented which could eventually be switched to a 3D model of
the corresponding terrain (see Fig. 1). Pairs of participants were required to fulfil to different tasks based on these
visualizations. Firstly, they were supposed to find a way to connect two spots (A and B) on the maps with “light
signals” (i.e. to mark spots that were visible from one to another and that could link a direct signal paths between point
A and B). S, secondly they were to decide in what order selected points on a map would be flooded if a highlighted dam
is going to be filled in. By various methods, Šašinka and his colleagues (2019) examined the subjective sensations and
the participants’ feedback on how they felt and what and how they learned. According to the results, the applications are
currently being elaborated and refined and the direction of further research is clear: to examine the objective measures
of virtual-reality-based collaborative education.

Figure 1 The contour lines 2D map (left) and a 3D model (right) of the corresponding terrain presented during a mapbased task. Switching between these two visualizations enabled better comprehension of the principle of contour lines.
(Šašinka et al., 2018)

2 FOR WHAT IT’S WORTH MEASURING?
Traditionally, when researchers intend to measure anything about education, it is correctness and time spent on task
solving (see examples in Issa et al., 2011; Parong & Mayer, 2018; Rawson et al., 2017; Bernacki et al., 2020, etc.), or
how precisely and how fast they manage. These are the very basic metrics to evaluate efficiency of educational
interventions and are, indeed, included in our research design. Delayed knowledge post-test is a part of the design in
order to gain information about the long-term effect of our lessons, on which the scientific community so far lacks data
(Merchant et al., 2014). Virtual environments, however, enable many more phenomena to be observed and measured on
a level of hard data. Although it is quite possible to record speech production and track students’ movements in real
classrooms, virtual environments utilizing head-mounted displays (or “VR glasses”) which already have a tracking
device built-in, offer possibilities of such tracking without the necessity of special hardware, painful adjustments or
participants getting tangled in wires. Simply put, VR enables decomposing human behaviour into little pieces and
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studying these pieces of a puzzle, and bringing it back to the gestalt in its entireness would presumably offer an
unprecedented insight into the ways people work and learn in context of hypsography education.

2.1 Pieces of a Puzzle
2.1.1 Position and Direction Data
The data that we can collect with very little effort or slight adjustment of the logging applications or the environment
are those about the position and locomotion of avatars (i.e. the participants’ virtual personas). It is rather simple to track
for instance how willingly (i.e. how much and how fast) the participants move in the VR – we can track their position
by tracking their camera placed in the head-mounted display (HMD). Raw data from this tracker contain 3D coordinates
(X, Y, Z) with a time stamp. Thus we gain information about the students’ trajectories as well as – and perhaps more
importantly – about the proximity (or distance) from which they approach other avatars, various objects, the lecturer (if
present), the edges of the virtual space, etc.
Another type of information we can collect from the HMD is those of head direction – we can easily find out what is the
participant’s field of view at each moment of the session. And should there be an eye-tracker inserted in the HMD (such
as the one by Pupil Labs that we use in our experiments), we receive a log several times per second (depending on the
features and setting of the eye-tracker) about the precise coordinates of the point where the student is looking. Lukáš
Herman and his colleagues, for instance, have recently published a tool that simplifies collecting this sort of data.
(Herman et al., 2018)

2.1.2 Gestures and Postures
Recording and observing postures and gestures will come especially handy if we want to focus on the social aspect of
collaboration in virtual reality. Unlike in real classes (Torres et al., 2017) where we hardly ever get a better option for
judging nonverbal communication features than recording simple observation, virtual space gives us the possibility to
track sensors in the controllers held in the participants’ hands (which basically means tracking their hands or gestures).
Just like tracking position of the HMD, we can track the controllers and analyse, how much the participants gesticulate.
These data itself may feel uninteresting to some, but it is worth considering that certain similar gestures may in terms
indicate for instance panic fear or elated joy (for examples of detailed analysis of gesture-emotion relationship see Dael
et al., 2012), which are very valuable data. Similarly, we can make conclusions about the learners’ frustration, level of
engagement or joy expressed for a certain topic.
From raw data about the position of the controllers, we may rather easily elaborate the speed and range of gestures by
calculating the distance between every two neighbouring positions of the controllers. Similar procedure works for the
position of HMD as well. It is notable though, that it is a matter of time when expressions of this kind (gestures as well
as facial expressions etc.) will be evaluated automatically (see e.g. Alabdulkarim, 2014) and the way towards the
described data shall be much shorter and more simple.
Postures are a chapter of slightly higher demand. Since Durlach and Mavor published their monography on virtual
reality (Durlach & Mavor, 1995), not that much has changed in the principle, that additional sensors need to be placed
onto participants’ bodies, although only few points or landmarks on limb segments need to be tracked to gain the
complex image of one’s body position. Huang and his colleagues (2019) brought a well-organized overview and a
comprehensible comparison of up-to-date technological options of position and posture tracking and explain that there
are generally two methods of posture detection: computer vision and acceleration sensor data analysis.

2.1.3 Interaction
One of the aspects in which we as researchers are especially interested is interaction in virtual reality as interactivity is a
key feature of these environments. And his interest is not limited to interaction between people (or avatars), but
obviously includes interaction and manipulation with the environments itself, with objects placed in there. Thanks to the
technological possibilities described above, we are currently able to record, visualize, and analyse when a person in VR
gazes at an object or a person, touches an object or another person, grabs or change a position of an object, etc.
Collaborative education has been subjected to much research in the recent decades (Johnson et al., 1984; Cohen &
Cohen, 1991; Webb, 1982; Slavin, 1980; etc) and results are more than promising – with Laal and Ghodsi (2012) we
can divide the benefits of collaborative learning into 4 categories: social, psychological, academic and assessmentrelated benefits. Confirmation of similar effects in virtual collaborative educational interventions will be subjected to
future research.
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In the virtual environments, we will be able to analyse interaction in detail, however, in some ways it may be
demanding and perhaps even too costly in terms of time and work. It is also important to note that the above-mentioned
phenomena are all parts of interaction and should always be evaluated in that regard: for instance, proximity, its
changes and continuous development is an important aspect of interaction both with objects and avatars.
In a narrower meaning, verbal production of the users can be assessed in terms of the time spent talking, engaged in a
dialogue or silence.

3 Why Measure and Why Not?
Observing education process in virtual environment to such details as this paper suggests, brings several opportunities
that motivate further research:
-

Better design of educational virtual environments.

-

Better suited application for various target groups – whether differentiated by age, ethnicity, and other
characteristics.

-

Better educational intervention design.

A considerable counterargument against a detailed observation of the described kind may lie in the field of research
ethics. We suggest contemplating the borderline between reasonable scientific insight and undue violation of users’
privacy.
Hypsography– and geography in general – provide an ideal material to present and teach via immersive virtual
environment as its understanding depends on the visual and spatial aspects of the topic. And this paper intends to
present the opportunities of collaborative virtual environments from a wide and detailed point of view. This conception
may serve for further analysis of social interaction and provides basis for many domains.
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