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Some archaeological sites are not easily accessible by visitors due to mobility or
geographical restrictions. Digital technology can make such sites virtually accessible
and provide educational information at the same time. Toward this goal, we created
a digital reconstruction of the archaeological site of Choirokoitia. Given that a 3D
digital reconstruction can be used along with different technologies, we designed and
developed an interactive application, where users can navigate and get information about
the site, for two different systems: Virtual Reality (VR) systems and desktop computers.
A feasibility study was conducted where we compared aspects of the two systems
S0 as to allow the suggestion of the proper technology to utilize according to a user’s
aims. The results showed higher levels of presence and more positive experience by the
participants who used the VR system compared to those who used the desktop version.
On the other hand, greater learning gains were demonstrated in participants who used
the desktop version compared to those who used the VR version. No differences were
shown between the two groups regarding the participants’ change of attitudes toward
the archaeology of Cyprus.

Keywords: virtual reality, cultural heritage, immersion, learning, user experience, attitude change

INTRODUCTION

People around the world visit archaeological and historical sites mainly for pleasure or to learn
about the place as such and its history, or even the combination of both, in which case it is
called educational tourism. Important archaeological sites around the world are not always easily
accessed by everyone due to the remote location of the site itself or mobility difficulties of possible
visitors. With the current advances in technology, such places can be accessed remotely through
interactive multimedia applications. With ubiquitous computing evolving and devices, such as
VR headsets allowing more immersive experiences compared to traditional desktop computing,
virtual heritage is gaining increasing interest. According to Roussou (2002), a well-designed virtual
heritage application aiming to benefit public education should visualize and provide “access” to
sites and places that no longer exist, are geographically remote, or are unreachable.
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The archaeological site of Choirokoitia (pronounced
“Khirokitia”), a Neolithic settlement in Cyprus, is the site of
interest in this work. The site was selected carefully in order
to meet all the criteria we would like to address. These include
the following:

(i) It is a site that is not easily accessible by everyone: the
physical terrain of Choirokoitia’s settlement is rough and non-
uniform, with a lot of changes in elevations, and it is located
on a natural steep-sloped hill, making access to people with
mobility difficulties (e.g. wheelchairs) impossible, according to
the official website [The Deputy Ministry of Tourism (2019)].

(ii) It is a site that attracts educational interest: the country’s
Ministry of Education and Culture organizes educational
visits for primary school students since learning material on
this specific settlement is included in the history curriculum
in public schools. However, the visits are possible only for
students in nearby cities. The latter adds an extra dimension
to the limited access to the settlement as listed above in (i), in
this case, due to geographical restrictions.

(iii) It is one of the most visited tourist attractions in Cyprus:
Choirokoitia is an archaeological site with ruins dated back to
7000BC and is ranked among the top oldest ruins in the world.
It was also listed by UNESCO as a United Nations Educational,
Scientific and Cultural Organization World Heritage Site
(1998), giving additional motivation for tourists to visit it.

The aim of this work is two-fold:

(i) Enable virtual access to the archaeological site of Choirokoitia
that can be beneficial for people with disabilities and for those
separated from it by geographical and political boundaries.

(ii) Suggest the most appropriate technology to use according
to the user’s aims, which may be related to learning or to
user experience.

The first goal was addressed with the development of two
versions of the application, one for VR systems and the other
for personal computers. The second goal has been addressed
by performing a feasibility study comparing the two different
versions and assessing them on a number of different aspects,
namely, participants’ sense of presence, level of user experience,
change in attitudes toward the archaeology of Cyprus, and
learning performance.

Although several studies have been conducted on Virtual
Heritage applications the topic needs to be further addressed
since there have been no clear conclusions. A previous study
(Christofi et al., 2018) conducted specifically for Choirokoitia
was limited to assessing a VR application integrating its virtual
reconstruction, and it lacked a comparison between different
types of technologies. Also, some other limitations of the study,
such as the small number of participants and the motion sickness
experienced by a substantial percentage of them, made the results
less robust.

In another study, Tost and Economou (2009) investigated the
suitability of immersive VR for learning about archaeology and
the past in cultural heritage settings at the Hellenic Cosmos (the
exhibition center of the Foundation of the Hellenic World in
Athens) but again lacked in comparison with other technologies
as to its effectiveness. The results of their study demonstrated

that each exhibit supported a different kind of learning, and
the exhibits were considered suitable for obtaining a global
idea of spatial details. In a study by Michael et al. (2010),
different museum exhibits, one traditional and five interactive
Information and Communication Technologies exhibits, were
compared with the main emphasis being on the assessment of
user experience (UX). Their results showed that the Information
and Communication Technologies exhibits were rated higher
than the traditional exhibit. In another comparative study,
Wrzesien and Raya (2010) compared the E-Junior application,
a serious virtual world (SVW) for teaching children natural
science and ecology, with a traditional type of class. With
regard to learning effectiveness, the results did not present
statistically significant differences between the two groups.
However, students from the virtual group reported enjoying the
class more, being more engaged, and having greater intentions to
participate than students from the traditional group. Similarly, a
study by Zaharias et al. (2013) investigated the user experience
(UX) and learning effectiveness of the “Walls of Nicosia,” a
3D multi-touch table, as compared to a traditional approach
where a group of students took a guided tour throughout the
museum and learned about the walls of Nicosia through printed
maps exhibited at the museum. Results showed no statistically
significant differences in the learning performance, but the virtual
group reported user experience at significantly higher levels.
Finally, Loizides et al. (2014), presented two museums using
an immersive head-mounted display (HMD)-based technology
and a stereoscopic Powerwall and evaluated the users’ overall
experience. The results of the user evaluation revealed that both
ways of presenting the museum received an equal usability score
among the users.

In the next section, we describe the two versions (VR and
Desktop) that were developed of an interactive application
representing the Choirokoitia settlement and the experimental
study that was conducted to evaluate their feasibility. The
analysis of the collected data and results are then described,
while a discussion elaborating on findings, describing the
present study’s limitations, and outlining potential future
work follows.

MATERIALS AND METHODS

Materials

We used a three-dimensional (3D) digital reconstruction of the
archaeological site of Choirokoitia (Figures 1, 2), which was
created based on real photographs taken on the site and highly
accurate modeling of the geometry. We also recorded a set of
audio clips with historical information about Choirokoitia. Using
the 3D reconstruction and the recorded audio, we developed
a new version of an existing Interactive VR Application
described in Christofi et al. (2018). Additionally, we developed
an Interactive Desktop Application in such a way so as to
provide exactly the same information with a VR Application
in order to compare the medium. The two applications, the
VR Application and the Desktop Application, that have been
developed and evaluated through the feasibility study are
described below.
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FIGURE 1 | Views from the 3D reconstruction of the archaeological site of Choirokoitia where information points are shown. The virtual reconstruction visualizes the
archaeological site as it stands today, including the real reconstructed houses located near the settlement (left) and the ancient ruins (right) of the settlement.

Application (top right and bottom right).

FIGURE 2 | Views from the 3D reconstruction of the archaeological site of Choirokoitia, as shown in the VR Application (top left and bottom left) and the Desktop

VR Application

The VR Application used in this study is an improved version of
the previously developed VR Choirokoitia application. The new
version integrates a recent technique developed to minimize the
dizziness that was occurring to a great extent to the participants,
as is stated in the relevant publication (Fernandes and Feiner,
2016). This technique requires a dynamic reduction of the
field of view (FoV) depending on the user’s movement and
rotation in the virtual environment. Specifically, the FoV was
gradually decreased, using a vignetting effect (Figure 3) as the
user’s navigation (movement and rotation) speed increased, and
it increased as the user’s navigation speed decreased. The change
in the FoV was slow and gradual, so as not to distract the
user. Note that the dynamic reduction of the FoV only takes
into account the navigation using the video game controller,
that causes the dizziness, and not the movement and rotation
applied using the HMD’s head tracking. To further improve
the previous version of the VR Application, we also minimized
the intervention with the participants during the time that they
were immersed in the VR Application. In this new version, we
gave them all of the instructions through the application and

achieved their familiarization with the application’s functionality
by having a training session at the very beginning of the
experience. The training phase took place in a virtual space
outside the virtual archaeological site, in a neutral scene, to
avoid receiving information about Choirokoitia before the main
application began.

In the main VR Application, participants were free to
navigate through the 3D reconstruction of Choirokoitia using
a video game controller. The application required that the
participants put on a VR HMD (Figure 4, left), which offered
a first-person stereoscopic view of the environment and the
ability to physically change the looking direction with head
rotations. While navigating, participants listened, through the
HMD headsets’ headphones, to eight audio recordings, in total,
containing information related to the archaeological site. The
audio clips lasted ~30s each. The recordings were triggered by
collision with 8 information points, visualized by floating 3D
icons (Figures 1, 2, top left; Figure 2, bottom left) that were
located at various parts of the virtual archaeological site. The
information presented in each of those recordings was related to
the specific area the participant was exploring at that time.
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FIGURE 3 | Participants using the VR Application (left) and Desktop Application (right).

FIGURE 4 | Example of dynamic reduction of the field of view in the VR
Application.

Desktop Application

In order to test the impact of VR, we designed a non-immersive
Desktop Application as a control. It provides the user with the
same visual and audio information but without the immersive
features of the VR technology (3D stereo projection, free
navigation, free head movements based on head tracking). The
Desktop Application was designed in such a way that it would
be easy for a person with basic computer skills to develop,
in contrast to the VR Application, which requires advanced
skills to develop, such as programming skills. The Desktop
Application was developed using 2D rendered images based on
the same 3D reconstruction of the site as was used in the VR
Application instead of real photographs of the archaeological
site, so as to not provide different visual content. The 2D
rendered images were created in regard to specific points of
view selected in such a way so as to have the rendering of

areas that included all eight points of interest, where information
points existed, as well as areas along the route between any
two consecutive information points (Figure 2). Similar to the
VR Application, in order to minimize the intervention with
the user while conducting the study, we provided all the
instructions through digital material at the beginning of the
Desktop Application.

Interactivity was achieved with the mouse button (Figure 2,
top right; Figure2, bottom right). The participants were
able to move to the next rendering of a virtual area by
clicking on a button that was placed on the bottom right
corner of the screen. Information points were triggered by
clicking on corresponding small icons similar to those in the
VR group. The participants in the Desktop group received
identical audio recorded information as those in the VR
group while they were looking at the rendering from the
corresponding viewpoint.

Technical Setup

The 3D reconstruction of Choirokoitia was created in Autodesk
Maya 2015 and was textured using as reference the original
photographs taken from a visit to the archaeological site. The
reconstruction was done with high precision and accuracy
based on photos and maps and included not only the
archaeological buildings but also the surrounding area as it
stands today (Figure1). The stereo audio recordings were
edited in Adobe Audition CS6. The VR Application was
developed with Unity 2017.1.2 software, and the virtual
environment was displayed through an Oculus Rift CV HMD.
This has two 1,080 x 1,200 pixel OLEDs per eye at a 90-
Hz display refresh rate, coupled with a positional tracker and
built-in headphones. A video game controller was used for
navigation inside the virtual space. The interactive Desktop
Application was created using Microsoft PowerPoint. We
used screenshots of renders of 3D reconstructions within
the Unity software in order to achieve a visual resemblance
to the VR Application. The application was displayed to
participants through a 1,920 x 1,080 pixel 15.6-inch computer
screen. A computer mouse was used for interaction with
the application.
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TABLE 1 | Experimental design and distribution of participants by condition.

TABLE 2 | The questionnaires given to participants.

Condition
VR Desktop
N (Males/Females) 20 (7/13) 20 (10/10)
Mean + S.D Age 24.75 +£5.48 28.55+ 8.9
Median Code VR Experience (IQR) 2(1) 2(1)
Median Code Archaeological Site Visits (IQR) 3(1) 3(1)

Experimental Design

The study had a between-groups design. Participants were
randomly assigned to one of two experimental groups: the
VR group or the Desktop group. The VR Application was
used by the participants assigned to the VR group, and the
Interactive Desktop Application was used by the participants in
the Desktop group.

Ethics Statement

All participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individuals for the publication of any potentially
identifiable images or data included in this article.

Participants
Forty adults (N = 40), male and female participants, aged 20—
54 years (mean *+ SD age 26.65 + 7.53), participated in the
study. After signing an informed consent form, participants were
randomly allocated to either the VR or the Desktop group.
Participants had no or little prior experience with VR
technology. Table 1 presents relevant descriptive data for each
condition, the total number of participants, mean ages, median
and IQR values for experience in VR (1 =0, 2 =<1 3 =“1-2,
... 5=“>57), and frequency of previous visits to archaeological
sites. Codes refer to a 1-5 Likert scale, where 1 indicates least
agreement and 5 most agreement with the statement.

Measurements

Participants were assessed on their sense of presence, level of
user experience, attitudes toward the archaeology of Cyprus, and
learning performance through questionnaires.

Presence

The sense of presence was measured with a three-item
questionnaire (Table 2a) based on the presence questionnaire
developed by Slater et al. (1994). Presence can be characterized
as “the illusion of ‘being there’ in the environment depicted by
the VR displays” (Slater and Sanchez-Vives, 2016). Presence was
rated on a Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). This questionnaire was given to participants
right after their experience.

User Experience

In order to assess the user experience, we designed a four-item
questionnaire (Table 2b) evaluating the overall experience, the
image and audio quality, and whether participants would be

Variable Question

(a) Presence

There How much did you feel as if you were present at the
archaeological site?

(1. Not at all. 5. Very much)

Were there moments during your experience that the virtual
world became reality for you and you almost forgot about the
real world where the study took place?

(1. Never. 5. All the time)

Did you have a stronger feeling that you were in the real world
of the laboratory or at the virtual Choirokoitia?

(1. Laboratory. 5. Choirokoitia)

Reality

Place

(b) User experience

Image How do you rate the image quality?
(1. Very bad. 5. Excellent)

Audio How do you rate the audio quality?
(1. Very bad. 5. Excellent)

Pleasure How pleasant did you find the experience?
(1.Very unpleasant. 5.Very pleasant)

Repeat Would you like to try a similar experience in the future?
(1.Not at all. 5.Very much)

(c) Attitudes

VisitChoirokoitia Do you wish to visit the Choirokoitia site in the future?
(1.Not at all. 5.Very much)

VisitSites Do you wish to visit any other archaeological sites in the
future?
(1.Not at all. 5.Very much)

LearnChoirokoitia Do you wish to learn more about the site of Choirokoitia?
(1.Not at all. 5.Very much)

LearnArchaeology Do you wish to know more about the archaeology of Cyprus?

(1.Not at all. 5.Very much)

willing to try a similar experience in the future. Participants rated
their experience on a Likert scale ranging from 1 (negative) to 5
(positive). This questionnaire was also given to the participants
right after their experience.

Attitudes

A four-item questionnaire (Table 2c) on a Likert scale ranging
from 1 (negative) to 5 (positive) was designed to measure
participants attitudes toward the archaeology of Cyprus. This is
interpreted as the intention to acquire further knowledge about
Choirokoitia or to visit this or a different archaeological site
in the future. This questionnaire was given to the participants
before their exposure (preAttitudes) and again right after their
exposure (postAttitudes). The variable of interest was the Change
in Attitude (dAttitudes = postAttitudes — preAttitudes), where
positive values indicate an increase in participants’ intention
to learn more about the archaeology of Cyprus or visit
archaeological sites and negative values a decrease.

Learning Performance

Participants’ learning about the archaeological site was assessed
with a 10-statement multiple-choice questionnaire that evaluated
participants’ knowledge of the archaeological settlement of
Choirokoitia (e.g., “What was the shape of the houses in the
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archaeological site?,” “What was the average life expectancy
of the inhabitants of the archaeological site?,” etc.). These
questions were based on the information that participants had
been given (audio clips) while using the applications. Each
correct answer received 1 point, while wrong answers received
0 points. The knowledge test was administered two times,
one prior to participants’ virtual exposure (preScore) and the
second immediately after their virtual exposure (postScore).
The response variable of interest Learning Performance was the
difference between the two (dScore = postScore — preScore),
which shows the degree of improvement (positive values) or
decline (negative values) in score after exposure.

Procedure

Upon arriving at the laboratory, and after completing the consent
form, participants were randomly assigned to the VR or the
Desktop group and were asked to complete the Knowledge and
Attitudes questionnaires alongside some demographic questions.
Once this process was completed, participants in the VR group
were asked to put on the VR HMD (Figure4, left), and
participants in the Desktop group were asked to sit in front
of the computer screen (Figure 4, right). Then, both groups
were instructed to follow the respective tutorial instructions in
order to become familiar with the use of the corresponding
system and application. Once the tutorial was completed (with
an approximate duration of 5min), the main experimental
session began, which lasted ~8min for both groups. After
completing their navigation within virtual Choirokoitia, the
participants of both groups again completed the Knowledge and
Attitudes questionnaires and also filled in the User Experience
and Presence questionnaires.

Statistical Analysis

For the questionnaire data on Presence, User Experience, and
Attitudes (Table 2), factor analysis was carried out to reduce the
number of questionnaire variables. This method also has the
advantage of transforming ordinal variables to continuous ones.
Corresponding factor scores were used, and the interpretation of
each factor was identified. For factor analysis on ordinal variables,
such as in our case, Polychoric PCA analysis can be used as a
test (this treats ordinal variables as if they were derived from cut-
offs sampled from a normally distributed variable) (Olsson, 1979)
and scores derived from those, so this approach was employed.
Box plots of all raw questionnaire scores are provided in the
Supplementary Material. Subsequent analysis of the derived
variables was done using independent samples ¢-test. All results
were obtained with Stata 13 software.

RESULTS

Factor Analysis of the Questionnaires

A single factor was retained in the case of Presence (Table 2a),
and the factor loadings on the scoring variable (Presence) are
shown in Table 3. In the interpretation of the factor loadings,
these capture the amount of overall variance in the observed
variables. The scoring coefficients are the coeflicients of the
equations describing the factor scores in terms of a linear
combination of the original variables. In Table 3, F1 is explained

TABLE 3 | Factor analysis for presence resulting in a single factor F7, and the
scoring coefficients for the factor score Presence.

Variable Factor loadings Scoring coefficients
F1 Presence

There 0.937 0.356

Reality 0.926 0.352

Place 0.946 0.360

TABLE 4 | Factor analysis for user experience resulting in a single factor F1, and
the scoring coefficients for the factor score UserExperience.

Variable Factor loadings Scoring coefficients
F1 User experience

Pleasure 0.854 0.299

Image 0.924 0.324

Audio 0.772 0.270

Repeat 0.824 0.288

TABLE 5 | Factor analysis for participants’ attitudes before the experience
resulting in a single factor F1, and the scoring coefficients for the factor score
preAttitudes.

Variable Factor loadings Scoring coefficients
F1 preAttitudes
VisitSites 0.844 0.272
VisitChoirokoitia 0.927 0.299
LearnArchaeology 0.940 0.303
LearnChoirokoitia 0.802 0.259

by There, Reality, and Place (Table 2a), which is reflected in
the corresponding scoring coefficients for Presence. The latter
interprets this factor as “the illusion of being at the archaeological
site of Choirokoitia instead of in the physical laboratory.”

The User Experience questions (Table2b) resulted in a
single factor, and the factor loadings on the scoring variable
UserExperience are shown in Table 4. This factor is explained by
Pleasure, Image, Audio, and Repeat, which is interpreted as “the
level of pleasantness of the experience.”

The attitudes questionnaire was administered before
and after the participants’ experience. Factor analysis on
the questions (Table 2c) resulted in a single factor, and the
factor loadings on the scoring variables preAttitudes and
postAttitudes, respectively, are shown in Tables 5, 6. The factors
are explained by VisitSites, VisitChoirokoitia, LearnArchaeology,
and LearnChoirokoitia (Table2c) and are interpreted as
participants’ “interest in acquiring new historical knowledge in
the future.”

Presence Analysis

Figure 5 shows the bar chart of the means and standard errors of
the derived factor analysis variable Presence. Participants in the
VR condition felt a stronger sense of “being” at the archaeological
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TABLE 6 | Factor analysis for participants’ attitudes after the experience resulting
in a single factor F1, and the scoring coefficients for the factor score postAttitudes.

Variable Factor loadings Scoring coefficients
F1 postAttitudes
VisitSites 0.835 0.263
VisitChoirokoitia 0.931 0.293
LearnArchaeology 0.940 0.296
LearnChoirokoitia 0.856 0.269

mean of Presence
0
1

| Deskiop NN Virtual Reality

FIGURE 5 | Bar chart showing means and standard errors for the factor score
Presence by condition.

site of Choirokoitia (0.59 4 0.098) compared to participants
in the Desktop condition (—0.59 =+ 0.148). An independent
samples t-test showed that the above differences are significant
[t(38) = —4.712, p = 0.000].

User Experience Analysis

Figure 6 shows the bar chart of the means and standard errors of
the derived factor score UserExperience. Participants in the VR
condition rated the overall experience of using the application
more positively (0.394 % 0.172) compared to participants in
the Desktop condition (—0.394 £ 0.238). An independent
samples t-test showed that the above differences are significant
[£(38) = —2.6809, p= 0.0108].

Attitudes Analysis

We investigated whether participants’ attitudes toward
archaeology were affected by the use of the VR and Desktop
Applications. The variable of interest, dAttitudes = postAttitudes
- preAttitudes, reflects the degree of change in attitudes
regarding acquiring new knowledge in the future (positive
values). Figure 7 shows the bar chart of the means and standard
errors of dAttitudes, derived as the difference from the factor
scores preAttitudes and postAttitudes. Although it can be seen
that there is a slight positive change for the VR condition (0.013
£ 0.102) and a negative change for the Desktop condition

mean of UserExperience
0
1

|_ Desktop [N Virtual Reality

FIGURE 6 | Bar chart showing means and standard errors for the factor score
UserExperience by condition.

mean of dAttitudes

|_ Desktop N Virtual Reality

FIGURE 7 | Bar chart showing mean and standard error of dAttitudes by
condition.

(—0.013 + 0.141), the differences between the two groups are
not significant [t(35y = —0.151, p = 0.88].

Learning Performance Analysis

The response variable of interest here is dScore = postScore -
preScore, showing the degree of improvement (positive values)
or decline (negative values) in score. The score is defined as the
total number of correct responses to the knowledge questionnaire
before and after the exposure. Figure 8 shows that the mean
change in dScore was greater in the Desktop than in the VR
condition. The means and standard errors are 2.5 &+ 0.336 and
1.35 £ 0.386, respectively, with Cohen’s d = 0.71, which is
a medium to large effect size. An independent samples ¢-test
showed a significant difference between the means #(35) = 2.247,
p = 0.031. The residual errors are compatible with normality
(Shapiro-Wilk P = 0.35).
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mean of dScore
25
1

1.5

N virtual Reality

‘ I Desktop

FIGURE 8 | Bar chart showing mean and standard error of dScore
by condition.

Correlations

Finally, we performed a Pearson correlation analysis in order to
explore relationships between the data collected. The correlations
for the Desktop and the VR condition are summarized in
Supplementary Tables 1, 2, respectively.

The sense of Presence strongly correlated with User
Experience in both the Desktop [r(;5) = 0.83, p < 0.001] and
VR [r(15) = 0.836, p < 0.001] conditions. This result means that
participants who reported a higher sense of Presence in the virtual
environment, also reported a higher level of UserExperience
(how positively they rated the overall experience of using
the application).

Presence is correlated with preScore in the Desktop condition
[rasy = 0.61, p < 0.004]. Also, in the Desktop condition,
Presence correlated with preAttitudes [r(g) = 0.561, p = 0.01]
and postAttitudes [r(1g) = 0.619, p = 0.004]. UserExperience and
preScore were correlated in the Desktop condition [r(;5y = 0.606,
p = 0.005]. Finally, UserExperience correlated with preAttitudes
[rasy = 0.491, p = 0.028] and postAttitudes [r(18) = 0.569,
p =0.009] in the VR condition.

DISCUSSION

The aims of this study were (i) to enable virtual access to
the archaeological site of Choirokoitia and (ii) to examine the
feasibility of the use of the immersive interactive VR application
developed in comparison to an application that can be easily
developed by a person with basic computer skills. For this
reason, we virtually reconstructed the archaeological site of
Choirokoitia and developed and compared two applications,
an immersive VR Application and a Desktop Application.
This comparison was focused on four main aspects, namely,
participants’ sense of presence, user experience, attitudes toward
archaeology, and learning performance regarding historical facts
of Choirokoitia, in order for the results to suggest the most

appropriate technology to utilize according to a user’s aims,
which may be related to learning or to user experience.

First, we found that the VR Application has a critical
advantage in terms of the sense of presence delivered to
participants, which refers to the sense of “being there” in
the virtual world (here, the virtual Choirokoitia) (Slater and
Sanchez-Vives, 2016). The VR Application succeeded in giving
participants the feeling of virtually visiting the archaeological site
of Choirokoitia, more so than the Desktop Application, and it
was also found that the overall user experience was significantly
better in terms of image and audio quality, overall pleasantness,
and willingness to try a similar application in the future. This is
in line with previous research and proposed models for complex
conceptual learning (Slater and Wilbur, 1997; Salzman et al,
1999; Lee et al,, 2010; McMahan, 2013). The latter suggests that
immersive environments create a strong sense of presence due to
the very powerful emotional impact they can have, which then
leads to higher engagement in the experience, motivation, and
cognitive processing of the material.

However, our results demonstrated no advantage of the VR
Application regarding participants’ attitudes toward archaeology.
The use of the VR Application did not seem to impact
participants’ motivation to acquire new knowledge in the future
more than the Desktop Application. Furthermore, the VR
Application was found to be less effective in acquiring and
memorizing new information about the archaeological site.
Interestingly, participants in the Desktop group gained more
knowledge than the participants in the VR group. Previous
studies have shown that low-immersion simulations, such as
computer games and other desktop applications, can result
in better cognitive performance and attitudes toward learning
(Bonde et al., 2014; Clark et al., 2016; Makransky et al., 2016;
Thisgaard and Makransky, 2017). However, research evidence
as to whether high-immersive virtual reality applications
lead to increased motivational outcomes and learning is still
controversial. In the study described in Passig et al. (2016), the
authors showed that teaching in immersive VR environments
contributed to students’ cognitive modifiability more than
traditional learning experiences. Similar results were reported by
Alhalabi (2016) when using a VR system to enhance students’
education in engineering, and by Webster (2016) when aiming
to improve learning on basic corrosion prevention and control
in military personnel. In contrast, other studies have yielded
negative results when comparing learning in immersive VR
environments and desktop applications. In one example, Moreno
and Mayer (2002) investigated how desktop VR and immersive
VR, the second using an HMD and navigation techniques,
compared with multimedia learning material. It was found that
the two media did not affect students’ performance differently,
with equal improvement results for both. Similarly, Richards
and Taylor (2015) found that biology students’ knowledge did
not improve after exposing them to virtual simulations with
3D models more than with simulations using two-dimensional
(2D) models. The authors concluded that this could have
occurred due to the additional cognitive load imposed by
the 3D models. Likewise, in previous research comparing an
immersive VR human anatomy application with traditional slide
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presentations, it was found that although both methods increased
participants’ performance, this was higher for participants in
the slide-presentation group (Michael-Grigoriou et al., 2017).
Our present results are in line with the aforementioned studies,
showcasing that indeed, immersive VR technologies can have
an overwhelming impact on participants, leading to diminished
attention and a lower increase in their learning performance.

According to the cognitive load theory (CLT), if one engages
in excessive amounts of extraneous processing (i.e., cognitive
processing that does not support the goal, caused for instance by
distractions), then there is not an adequate capacity for critical
processing and thus meaningful learning outcomes (Sweller,
1994). Additionally, Thisgaard and Makransky (2017) suggests
that highly immersive environments might not necessarily
result in higher learning and transfer outcomes due to
their highly hedonic or utilitarian nature. According to this
theory, fun or pleasurable experiences within immersive VR
environments can lead users to disregard their instrumental
value, and instead, concentrate on the entertainment value such
systems offer.

Based on the above and in line with previous studies,
we speculate that something similar happened in the present
study, with participants in the VR group spending more time
exploring and navigating through the new (to them) immersive
environment, thus leading to poor attention to other stimuli and
consequently, worse performance in the knowledge test. This has
been previously supported in the context of immersive virtual
gaming apps, where the authors explain that navigation through
virtual rooms can draw attention away from the main task
and negatively influence players’ learning (Freina and Canessa,
2015). Further, and according to Van der Heijden (2004), we
could argue that participants focused more on enjoying the
environment rather than on learning the material presented
to them. We do not know, however, how performance would
have been affected if the participants had had more experience
in using VR environments. In our study, all participants had
little or no prior knowledge of VR systems, and therefore, this
point cannot be addressed here, but we leave it as an open
question for further research. Also, regarding motivation, it
should be noted that participants in both experimental groups
reported positive attitudes toward archaeology even before their
virtual exposure (see Supplementary Figure 3), which could
possibly explain why there were no differences in attitudes
after the exposure. Further, attitudes and motivation were
based on self-reported questionnaires, which are oftentimes
subject to social desirability bias (Yu et al., 2018). We
propose that future studies should look at alternative and
more indirect ways of measuring motivation, such as, for
example, follow-up forum access and participation related to
activities on the given subject (either on the same day or in
the long-term).

A limitation of our study is that there are differences not only
in the technology used in the two groups (VR vs. Desktop) but
also in the features of the applications as such. For example, the
VR Application offers the user the possibility to freely navigate
in a 3D environment, while the Desktop version provides the
visual information in 2D renders. While this simplification on the

Desktop Application was intensional, as it allows its development
by people with basic computer skills, it does not allow us to
safely attribute the differences we detected between the VR group
and Desktop group either to the type of the technology used
(immersive or not) or to the application as such. A future study
where exactly the same application is used, visualized through a
VR system or a Desktop computer, will allow a conclusion on
this aspect.

This VR Application of Choirokoitia attempted to provide
the best possible representation of the archaeological site,
giving the user an experience that simulates a physical visit.
The reconstruction used in this paper represents the current
state of the archaeological site. Achieving this goal can make
the site (at least virtually) accessible, overcoming mobility or
geographical constraints. But it only exploits a part of the
possibilities of VR technologies. VR can overcome the boundaries
of reality, time, or space. For instance, users could experience
“being” in the Choirokoitia of the Neolithic period, when the
settlement was inhabited. Such an application would give the
user visual information on how the settlement looked and the
way of life and occupations of the inhabitants. This paper has
examined whether VR can enhance and promote archaeological
content in comparison to a non-immersive medium. Although
VR seems to have an advantage in terms of Presence and
User Experience, regarding Learning Performance, new ways to
convey information to the users should be explored. According
to Tost and Economou (2009) and Roussou (2002), in order to
be suitable for learning, cultural heritage virtual worlds should
not just be visually represented in a photorealistic manner; they
need to be complete, interactive and present the virtual world
in a meaningful and engaging way. In our application, the
information that the knowledge test was based on was conveyed
using audio. It is possible, that the participants in the VR group,
overwhelmed by the technology, paid less attention to the audio
information, and this might explain their lower increase in
learning performance. Therefore, in future studies, a Neolithic-
period Choirokoitia application in which the information would
be rendered mainly visually could overcome the limitation of
knowledge transfer.
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