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Educational use of 3d virtual environments: primary teachers
visiting a romanesque castle
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The study focused primary teachers views on the educational use of Virtual Environments (VEs). A 3D
reconstruction of a Portuguese Romanesque castle, XII Century, was developed. A sample of 21 teachers
explored the VE. The study intended to construct a detailed description of the exploration process imple-
mented by the school teachers and to elicit their perspective on the educational potential of the VE. Glob-
ally, the data suggests the existence of a strong correlation between usability and sensory presence. In
terms of educational use, the teachers stated willingness to use VE technology, although the data suggests
a direct relationship between a traditional pedagogical approach and a bigger reluctance to use the VE.
After experiencing the VE, all the teachers were capable of identifying some of its educational advantages
but still described difficulties in actually implementing the technology in their classes.
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1. Introduction

Recognizing the impact of technology on our society and the challenge it represents to schools it’s
nothing new. The possible threat presented by the new technologies to institutions as schools is
also their biggest asset [1]. They represent both opportunity and demand of change of the educa-
tional paradigm [2]. The commonly called Virtual Reality (VR) or Virtual Environments (VE) has
grown as a leading technology in terms of educational potential as it redefined the Human-
computer communication [3-9].

As with any technology, it’s a case of “good” educational use. The construction of a new teach-
ing paradigm, which does not reinforce old teaching strategies, depends on teachers and their
theories of teaching [2, 10-11]. The underlying theories of those who design and of those who use
the tools interact, determining the potential learning experience presented [12].

Are teachers ready to use the new technologies, such as Virtual Reality and Virtual Environ-
ments, constructing a new educational paradigm? Or will they insert them in the old one, wasting
its potential for change? What are their views on this technology? This study addresses teachers’
perspectives about immersive VEs in educational settings. It comprised designing and building a
3D reconstruction of a Portuguese Romanesque castle, XII Century, to demonstrate several medieval
military architectural features and to offer an insight about the Templars, and a multiple method study of
the teachers experience in/with the VE.

2. Virtual Reality, Virtual Environments and Education

2.1 Virtual Reality and Virtual Environments

Although there isn’t one consensual definition for Virtual Reality (VR) and Virtual Environments
(VE), a distinction has been attempted between the two concepts. VE is a wider concept than VR,
although VR was first introduced. The distinction between the two started with the need to differ-
entiate what was being built by researchers from the media and commercial concepts [13]. The
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more generic term Virtual Environment also became useful to widen different experiences with
different levels of immersion that emerged from the development of the technology. Auld's defini-
tion of VR is now useful to understand what a Virtual Environment is: “(a) computer simulation
of an environment with which a participant can interact. The environment can be real or imagi-
nary, it can be represented with text or with graphics, and there is an implicit element of interac-
tion between the participant and the computer- generated environment” [14]. VR could be seen as
a specific type of experience, in Bricken's words: “the best way to think about the experience of
VR is to look around the physical reality each of us inhabit” [5]. Being sense of presence the main
objective of every VE, VR can be understood as the ultimate most complete experience [7].

Being able to offer immersive experiences, first person perspective, with subjects and concepts
otherwise inaccessible (size, transduction and reification [15]), the Virtual Environments may
become rich contexts for situated learning, allowing “(...) us to create from our experiences the
kind of knowledge that has hitherto been accessible only through direct experience of the world,
never through computer interfaces, desktop VR, or any of the third-person experiences that pre-
dominate in school” [15]. Osberg (1997) states that “the goal is to design and present authentic
learning opportunities in which individuals have the freedom and the opportunity to ground their
experience in a manner appropriate to them” [16]. To accept that “constructivism provides the
best theory on which to develop educational applications of VR” [15] also implies recognizing the
technology's potential to assure the “invisibility of mediating technologies necessary for allowing
focus on, and thus supporting visibility of, the subject matter” [17].

2.2 Presence and Usability

The importance of the sense of presence in VEs [13, 18-19] is also relevant for it's educational
uses. The level of immersion is considered a crucial factor in determining the educational poten-
tial of VEs [5-6, 15, 20-22].

According to the International Society for Presence Research [23], presence is a psychological
state or subjective perception in which even though part or all of an individual's current experience is
generated by and/or filtered through human-made technology, part or all of the individual's perception
fails to accurately acknowledge the role of the technology in the experience. It can be defined as “the
perceptual illusion of nonmediation” [24]. Presence is a property of an individual and varies across
people and time; it is not a property of a technology or one of the technologies commonly referred to as a
medium, although technologies or media with specific constellations of characteristics are likely to evoke
a similar set of presence responses across individuals and across time [23]. Sense of presence is a multi-
dimensional concept. The several dimensions which have been proposed are being empirically tested in
terms of validity. Major proposed dimensions include: physical/spatial presence, sensory presence, so-
cial realism, engagement, social presence and social actor within the medium [23]. A large number of
possible causes, of some or all of the different types of presence, have also been proposed, related to the
form, content and user of the media/technology characteristics [23]. The causes may function individu-
ally or in various interactions to evoke presence.

The multidimensionality of presence and it's psychological nature imply significant challenges when it
comes to developing valid and reliable measures of presence. There are two general approaches: subjec-
tive and objective [25]. Subjective measures of presence require study participants to produce a con-
scious, introspective judgment regarding their experience. Objective measures of presence record study
participants' physiological and/or behavioral responses that are logically correlated with their relevant
psychological responses.

Usability assessment is also a fundamental task in terms of VE design and development [13,
18-19], even if standard usability engineering and HCI evaluation techniques do not directly address the
usability problems introduced by these new applications [19]. Closely related to the HCI, usability
determines, in part, the acceptability of the VE [19]. According to Nielsen [4], usability mainly refers
to learnability, efficiency, memorability, errors and satisfaction.
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There are several usability assessment methods, which can be used in different moments of the
development process: observation, interviews, focus groups, questionnaires, logging actual use,
user feedback, heuristic evaluation, think-aloud protocol [4].

2.3 The Knights Templar Castle

After research on the equipments and programas available for developing a 3D VE, we chose to use a
combination of a 3D graphic engine from a computer game, Quake I (Id Software), with a Head-Mounted
Display (HMD), VFXI1, and a Cyberpuck (Forte Technologies). This allowed low cost, easy software
availability, immersion and flexibility. The selected content was a castle from a rich historical period,
relevant for several levels of History studies in the portuguese school system - the XII century. The VE
recreates a Knights Templar's castle, romanesque military architecture. In the development of the
prototypes, QOOLE (Quake Object Oriented Level Editor) was used as a map editor. Usability
guidelines [18] were followed. Testing of several prototypes allowed the necessary improvements.

3. Data and Methods

A case study was undertaken with a theoretical-descriptive approach. A group of 28 voluntary primary
teachers was selected by an availability sampling method: they were “back in school”, taking a two years
long course for upgrading their teacher qualifications, and showed interest in participating in a VR ex-
perience. Six participants were selected as a pre-testing group for the instruments. The main group com-
prised 21 teachers — 16 female and five male — with an age average of 45 years (from 30 to 60 years old)
and an average teaching experience of 20 years (from 8 to 33 years). The group presented low computer
skills assessed through questionnaire.

Each of the 21 teachers explored individually the Knights Templar Castle. Every trial was video re-
corded and analysed in terms of usability, manipulation skills, satisfaction and presence in a structured
observation grid. A log of the route followed by each teacher inside the VE was kept. This allowed to
identify the most visited areas and virtual agents. Following the trial, each teacher filled two question-
naires: Questionnaire on the Sense of Presence (QSP) and Questionnaire on the Usability of a Virtual
Environment (QUVE). The instruments were developed by the author based on the literature pertinent to
both concepts assessed: the International Society for Presence Research for sense of presence, Niel-
sen [4] and Gabbard e Hix [18] for usability of a Virtual Environment (VE). The questionnaires
were submitted to an expert panel and pre-tested with the teachers from the pre-test group. Data
was analysed using descriptive and inferential statistics.

The results from this first phase allowed the selection of six teachers through the extreme case
sampling method. The teachers with the three highest and three lowest combined scores, six
women with ages ranging from 30 to 46 years, 37 of average, with a teaching experience between
eight and 21 years long, 15 of average, and low computer skills, were invited to the second phase.

To elicit their perspective on the educational potential of the VE, the teachers were interviewed based
on a flexible guide, previously tested in terms of content and dynamic of the questions. The interviews
were recorded and transcribed. From the categorical content analysis performed on the transcripts, four
main categories emerged: use of the computer in the classroom, conceptions of teaching and learning,
experience with the Knights Templar Castle and views on the use of VR in educational settings.

4. Results and Discussion

Our findings suggest that the subjects’ conceptions influence the use of the computer, in general, and of
the VE in their classrooms. The subjects that showed bigger difficulty with integrating the computer in
his/her teaching, hold the teaching and learning conceptions closest to objectivist tradition and to the
"traditional didactics" [26]. They consider that the computer didn't change his/her teaching and that the
use of VE with their students is a distant or unreal scenario. All of this places them at an initial stage of
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the integration process of the computer in the classroom [27]. Simultaneously, the two subjects that
described didactic systems closer to the "new didactics" [26], belong to the group with higher sense of
presence. They also described computer use and perceived computer's role in education more integrated
with their daily teaching. Besides the use of the computer as a support tool to their work outside the
classroom, which all the interviewed subjects mentioned, they reported using the computer with the
students in their classrooms. Sense of presence and usability didn't present significant relations with
teaching models and conceptions of the subjects. Still, the two subjects closest to the objectivist tradition
scored lower than the average on the usability evaluation, with the biggest difference at the satisfaction
dimension. These teachers also belong to the group that felt the lowest sense of presence. All the sug-
gested VE activities for classroom use weren’t very original, mostly mimics of the free exploration used
in the experience, which probably can be explained by the total absence of previous experience with VE.

Regarding usability evaluation, users seemed globally satisfied, all usability questionnaire items
scored positive evaluations. Satisfaction dimension scored higher than learnability, users seemed particu-
larly satisfied with the position and movement tracking feature provided by the HMD and first-person
perspective. User global satisfaction is positive correlated with easiness of the system use, satisfaction
with Cyberpuck use, easiness of locating themselves (i.e. knowing where they were and where every-
thing else is inside the VE), satisfaction with the position and movement tracking feature provided by the
HMD, satisfaction with the stereoscopic 3D perspective, easiness of perception of the sounds' point of
origin and position, satisfaction with global image quality, satisfaction with first-person perspective and
learnability to move the body and head in the physical world considering that the HMD was cable con-
nected with the CPU. Interviewees stated preferring to explore the VE with the immersive system. Still,
almost all subjects believe that it would have been easier using screen-keyboard-mouse. However, only
two subjects mentioned some annoyance with HMD-CPU cable and only one subject stated some diffi-
culty with the Cyberpuck manipulation. All these difficulties were referred by subjects which presented
low sense of presence. Easy of use seems related to sense of presence.

Users suggestions pointed the improvement of sound and image quality, facilitation of understanding
the VE space (i.e. access to “you are here” map). Content analysis of the interviews also identified orien-
tation, knowing where they were inside the VE, as the subjects main problem. The symptoms felt by user
and the sensory presence are positively correlated with usability.

In terms of presence, our findings show that users felt an important sense of presence. In a scale from -
2 to +2, the average evaluation of all questionnaires items and, consequently, all presence dimensions
was positive. Our findings suggest that users felt like "being there" (Spatial presence: 1.14), believed that
the VE does or could exist in the physical world (Social realism: 1.19) and that VE sensory characteris-
tics matched those of the physical world (Sensory presence: 1.02). Nevertheless, users weren't totally
involved (Engagement: 0.24) and the will to talk with the virtual actors wasn't very intense (Social Pres-
ence: Social Actor within the Spiritual medium: 0.83). Interview data confirms the above. High sense of
presence users felt a strong social realism, spatial presence and engagement; social presence was globally
low, virtual agents are mentioned as the element that felt less real; engagement and willingness to sus-
pend disbelief differences between high and low sense of presence groups were relevant, high sense of
presence group failed every time in determining the duration of their experience and stated more propen-
sity to be emotioned. Finally, five interviewed subjects associated experience realism to the sense of
movement inside the VE, sense of movement inside the VE as the aspect that felt more real, what can
help to explain the relevance of spatial presence.

Concerning the consequences of the experience, increase of salivation (1.65) and ocular fatigue (1.66)
are the more relevant symptoms felt by the users. However, none of the average scores is worrying (1 =
never and 4 = many times). In addition, we registered an almost total absence of vomits and muscular
pains, together with an extremely low frequency of headache, dizziness and vertigos. In the interviews,
none of the subjects mentioned any of these symptoms.

Crossing the data from the 21 teachers experience with the VE with their computer skills scores, we
may conclude that users that rarely use the computer and feel little comfortable with its use did present
high levels of presence and assessed usability in a positive way. In the interviewees group, with scores
below global averages, both in frequency and comfort level, the low sense of presence group scored
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higher on the comfort level and no relevant differences were found related to frequency of use. Prior
knowledge with computers may influence sense of presence, diminuishing it.

5. Conclusions

In the present, game-engine VE is a low cost, accessible and flexible hypothesis to develop and use 3D
VE for educational purposes. Primary teachers seem opened and interested to experiment these tools,
even if they aren’t familiarized with it. Experimenting and using the tools seems urgent to base their
development of models for classroom use. All things considered, the tools are extremely important but
the teacher is still the key of educational change.
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