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Abstract

Two teaching methodologies are presented and compared in this study: on the one hand, semi-guided tours in immersive
virtual reality and, on the other, viewing video renderings of 3D environments. The two techniques are contrasted through
3D modeling of a fifteenth-century Spanish town called Briviesca, in an immersive environment, viewed with Oculus Rift.
The suitability of virtual reality for teaching is assessed through questions on historical knowledge and urban layout. The
understanding of the undergraduate students is evaluated, through questionnaires, after the viewing sessions. The responses
of the students underline the effectiveness of the two methodologies: Video screenings received higher scores for historical
ideas and the virtual tour was the most effective method at conveying knowledge learnt while viewing. Additionally, two user
movements for controlling the virtual reality environment were tested: (1) gamepad locomotion and (2) roomscale move-
ments combined with teleporting. The clear advantage of the second option was the total lack of motion sickness effects.
However, the natural tendency using teleporting was to move very quickly through the city areas with no singular buildings
and to spend more time in front of these types of buildings. They therefore missed visual information related to the first areas
while retaining more information related to those buildings. Finally, the spatial location of singular buildings was clearly
better acquired with the virtual tour.

Keywords Virtual reality - Learning - Immersive environments - Active learning - Presence - Game engine - Cultural
heritage - Oculus Rift

1 Introduction

Since the last decade of the twentieth century, computer-
based virtual reality worlds have been a key research topic,
especially in the entertainment industry. For 25 years, vir-
tual reality (VR) was displayed on a PC screen with user
interaction controlled by a mouse. Despite the immense pos-
sibilities of those environments, user immersion was low.
However, over recent years, new hardware and software
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developments for virtual reality environments (VREs), such
as head-mounted displays (HMD) Oculus Rift™ and Unreal
Engine 4™ Game Engine, have opened the door to higher
levels of user immersion in gaming, entertainment and even
education. But the use of VREs for teaching purposes is still
an open issue. Although it has been established in various
studies that VRESs increase student receptivity and learning
rates (Chen et al. 2013; Roussou and Slater 2017), espe-
cially among young students (Bustillo et al. 2015; Rous-
sou and Slater 2017), while the conclusions of other studies
have suggested that they increase the presence of students,
but reduce the learning rates (Makransky et al. 2019). The
complexity of the human learning processes explains these
contradictory results that also point to the need for further
research, to identify the best way of creating high-immersion
VREs for teaching purposes. In any case, one advantage that
should be taken into account is the general consensus that
VREs enhance both the participation and the involvement
of students in learning activities. This observation has been
noted in all types of education and at all levels, including
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higher education (Alhalabi 2016; Muller et al. 2017), pri-
mary and secondary education (Passig et al. 2016) and
professional training (Chittaro and Buttussi 2015; Webster
2016).

However, beyond any agreement over the potential of
VREs in education, there are many open questions about
the best implementation of VREs in educational environ-
ments. Some of these questions refer to the technical issues
of the implementation relating to Motion Sickness in VR
(Polcar and Horejsi 2015). Other questions refer to the edu-
cational strategies: the best topics or concepts to be taught
with VREs (Freina and Ott 2015), and to a high sense of
presence, which can be highly motivating for students and
can influence their processing of educational material (Lee
et al. 2010). In this research, we seek to cast light on some of
these questions by evaluating learning outcomes of a differ-
ent nature in a high-immersion VRE and by comparing them
with the learning outcomes of a more traditional teaching
methodology, in this case watching an educational video.

History is one of the most promising knowledge areas
for high-immersion VREs. Most historical sites have under-
gone definitive changes or no longer survive. If students feel
involved in the virtual reconstruction of an historical site,
then immersive VR is expected to enhance learning rates.
Many different aspects of historical sites may be learnt:
historical data (Kiourt et al. 2018), urban layout (Laurent
et al. 2018), ways of life (De Paolis 2013), traditions (Chen
et al. 2018), etc. The conclusions of those works suggest
that educational goals play a central role in the definition
of the VRE.

There are two steps to the development of a VRE: first,
the creation of the 3D models and second, integration of
the models in a game engine. There are various approaches
toward the creation of 3D reconstructions that feature cul-
tural heritage, which are linked to the historical object and
its accessibility (Lucet 2009). Topographic techniques with
Geodesic Stations, laser scanning and photogrammetry are
preferred for large-scale monuments that have a complex
geometry (Remondino et al. 2017). Whenever the built
heritage is partially or completely ruined, then the above
approaches are useless and CAD tools take their place
(Bustillo et al. 2015; De Paolis 2013). The application of
low-complex 3D models for VRE is essential to produc-
tive teaching skills, as the scope of a 3D model will clearly
restrict end-user interaction with the virtual reconstruction
(Lucet 2009). The second step, as mentioned, consists of
the integration of these models in a game engine and the
creation of the VRE. Over the past 20 years, different game
engines have created virtual environments. EON studio and
XVRtechnology were the reference with the first generation
of VREs, e.g., in virtual museums (Loizides et al. 2014) and
educational video games in VR on medicine in the Middle
Ages (Lorenzini et al. 2015). Over the past few years, the
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fast development of computer performances (particularly
of graphics cards) has allowed the representation of more
realistic VREs and new game engines have assumed lead-
ing positions. Unity is the most widely used, thanks to its
flexibility and ability to adjust to all types of projects. As a
contender, Unreal Engine 4 is a powerful game engine that
produces high-quality interactive VREs and provides reli-
able support for virtual reality devices.

In this paper, a teaching experience is reported for under-
graduate students that employ a VRE displaying a 3D envi-
ronment through Oculus Rift™ with Unreal Engine VR
tools. A 3D model of Briviesca at the start of the fifteenth
century (Alaguero et al. 2015) was used in the VRE. The
first version of the 3D model was designed with oft-line ren-
dering and video creation in mind. It was then implemented
in a VRE (Checa et al. 2016). The teaching experience
narrates the establishment and growth, over the fourteenth
and fifteenth centuries, of the population center known as
Briviesca (Spain). This paper reflects on the strengths and
the weaknesses of the VRE in relation to teaching histori-
cal knowledge and Medieval urban layout. It also compares
cultural heritage teaching through both the VRE and vid-
eos. Most other works published on cultural heritage VREs
have mainly focused on the hardware and software that are
required to create 3D immersive environments (Andreoli
et al. 2016; Carrozzino and Bergamasco 2010; De Paolis
2013; Lucet 2009). Only a few research papers have evalu-
ated their effects on the final users (Bustillo et al. 2015;
Champion 2008). In this research, we take previous studies
one step further by evaluating the different kinds of knowl-
edge that may be acquired: explicit, implicit and spatial.
Besides, this research goes a step further than a first ver-
sion of the VRE teaching experience in the Middle-Ages
Briviesca already cited (Checa et al. 2016): It improves the
major limitations of this teaching experience that could
only be considered a prototype, and it is tested with a larger
number of students, producing significant conclusions from
the statistical point of view. These major limitations were
related to (1) a very small sample of end users without any
statistical value; (2) the use of first-generation HMDs with
strong motion sickness effects; (3) a low VRE resolution
and visual quality; (4) the inclusion of a new procedure to
measure the capabilities of the students at spatial identifica-
tion of the locations of the main buildings of the city; and,
(5) the improvement of the first questionnaire that includes
questions with 100% right answers (because these kinds of
questions will not help to detect advantages or disadvantages
between the different learning methodologies).

The town of Briviesca toward the end of the Middle
Ages was selected for this teaching experience due to its
very unusual characteristics. It is a town in the north of
Spain. Historical records tell us that it was located on a hill
in the thirteenth century. At the beginning of the fourteenth
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century, Dofa Blanca de Portugal acquired a group of small
hamlets close to the site of Briviesca. Known as the founder
of the town, she chose to imitate the Roman urban layout,
which was quite rare in Medieval town planning in the Ibe-
rian Peninsula. It is an uncommon urban layout that adds
special interest to historical explanations of the development
of Briviesca and its daily life toward the end of the Middle
Ages.

2 Methods

Figure 1 shows the methodology followed in this work. It
begins with the creation of the VRE. Although this inves-
tigation is not focused on the technical procedure to create
the VRE of Briviesca in the fifteenth century, a summary of
this procedure is required to analyze its potential for teach-
ing purposes. The detailed procedure to create the VRE has
already been presented in an earlier work (Alaguero et al.
2015; Checa et al. 2016).

Fig. 1 Scheme of the proposed
teaching activity

3D MODEL INTEGRATION
IN GAME ENGINE

DESIGN METHODS
OF LOCOMOTION

GAMEPAD BASED
MOVEMENT

The VRE of Briviesca includes around 300 ordinary
buildings and over 20 singular buildings, based on histori-
cal-archaeological research. The ordinary buildings include
dwellings, outhouses, cowsheds and sheep folds. Among
the singular buildings are two churches, one fortress, some
houses of the nobility and the town hall. Besides, modeling
also extends to signposts, shrubs, wells and fences. The 3D
model consisted of 1771,882 triangles. On average, a normal
house had a total of 3000 triangles and the singular build-
ings such as the Collegiate of Saint Mary and the church of
Saint Martin (89,000 triangles and 31,000 triangles, respec-
tively) required many more polygons. This size of the 3D
models was suitable for both off-line and online rendering.
All the 3D models were created with a 3D modeling soft-
ware called Blender, an open-source software with a GNU
GP License. Some tasks such as the creation of collision
meshes had to be completed, before the integration of the 3D
online rendering model into the VR Game Engine (Checa
et al. 2016). Finally, the lighting and the user interaction
with the VRE procedures were tested. At this stage, some
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users suffered from motion sickness while testing the VRE,
as other researchers have previously experienced beforehand
(Hupont et al. 2015). To remedy those side effects, the VR
experience was first set up at a continuous frame rate of 90
fps and then different user locomotion systems were tested
to circumvent the problem. First, a simple gamepad loco-
motion system was designed, as in traditional videogames,
with a joystick to walk around the environment. Then, an
alternative locomotion system based on teleporting was
also designed. With this second system, the user can stroll
around the environment, but when wishing to move beyond
the boundaries of the physical space (more than a couple of
meters), Oculus Touch controllers can be used for teleporta-
tion to a new area within the visual range of the user. From
this new location, the user can continue to stroll around the
town or teleport to a new location. The HMD hardware was
Oculus Rift. The computer had the following specifications:
Intel® Core™ i7-4790 CPU 3.60 GHz, 32 GB RAM and a
NVIDIA Titan Xp graphic card.

Validation of the teaching experience with undergraduate
students followed twin strategies. Firstly, it was intended to
detect the strengths and the weaknesses of the two teaching
methodologies:

e A video (Alaguero 2015) presenting Briviesca in the fif-
teenth century using off-line renders of the 3D model.
The duration of this video is 13 min. The screening of
this video was followed-up by a short discussion with the
students that enlarged the video experience by up to half
an hour. This teaching strategy will be referred to as the
“video” in following Sections.

e A guided VRE tour of Briviesca by means of Oculus Rift
HMD that displays brief video clips. These shorter vid-
eos of 1-to-2-min duration represent seven sections of the
main video that had previously been presented. The sec-
tions are placed at seven locations in the VRE that match
their content. Students watch the videos on a giant screen
in front of them when they arrive at each location. The
videos activate automatically when the player reaches
the point, and any movement during the video is blocked.
The students can move through the VRE using two dif-
ferent locomotion systems: gamepad locomotion (“VR
Gamepad Locomotion” in the following sections) and
roomscale + teleporting locomotion (“VR Teleporting”
in the following sections). The students were instructed
to follow a path of grass and flowers on the ground that
guided them through the environment. The position of
the videos was visually marked by a sign, and they played
automatically when the user entered a delimited area of
action. Each virtual tour lasted approximately 30 min,
on average, although the VR Gamepad Locomotion
required an average of 32.5 min, in comparison with the
VR Teleporting group that required 24.6 min on average.
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Although these experiences may be longer than the video
experience, the students in the VR environments spent
part of their time in the VRE to get used to the motion
mechanic and the immersion process, thereby reducing
useful exposure time to the knowledge that was subse-
quently tested, leading us to conclude that all the students
were exposed to the knowledge that was subsequently
tested for a roughly similar length of time.

e The position of each milestone and the itinerary of the
student in the VRE are shown in Fig. 2.

It is worth outlining that all the students had some rough
contact with a map of the Medieval city of Briviesca, as
some of the experience learning indicators were evaluated
on a city map. The VR groups saw that map and their posi-
tion once they arrived at each of the seven milestones where
they could watch the videos clips. The video group saw the
map in some frames where there was detailed information
on both the layout of the city and the locations of the main
buildings. Neither group therefore had the opportunity to
examine the map very closely. It was an intentional design
decision for the teaching experiences, because continuous
exposure to a 2D representation of the city might reduce
the learning rate of the historical knowledge and the visual
knowledge and a balanced experience was sought between
those three types of knowledge.

The design of the teaching experience permitted the stu-
dents to achieve certain objectives:

e Learning central historical facts on the settlement and
growth of Briviesca and its Medieval layout; information
that is included in the video narration.

e Increase of visually acquired knowledge on urban or
housing structures in the Middle Ages; not specifically
found in the video narration, but learnt while viewing the
video and in the VRE

e Increasing student capabilities to address the spatial posi-
tioning of the main buildings and town services.

e Increasing student interest in history and urbanism by
means of new technologies and devices that provide them
with a close and almost-touchable interaction with a his-
torical site.

A total of 100 undergraduate students participated in
the teaching experience. They were enrolled on the Com-
munications Media Bachelor Degree at the University of
Burgos. According to Cohen (1988), a large effect may only
be expected with at least twenty-five participants. Two equal
groups of students were formed at random. The video was
watched by one group, and the second group went on a VRE
tour through the town (and watched the short video clips).
In the group of students who enjoyed the VRE, 64% of them
had never previously had a VRE. The gender balance in the
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Fig.2 Locations of video clips and pathways through the virtual environment and images of both the virtual environment and the actual site

video group and the VR group was, respectively, 60% and
48% females. The dataset was processed with statistical nor-
malization to assure that possible gender differences relat-
ing to learning rates (Delgado Ana and Prieto 1996) would
have no effect on the results and to avoid any influence on
learning outcomes. The ages of the students in the video
group and in the VR group were 21-28 and 21-29 years old,
respectively. The two groups followed a brief introduction on
the teaching experience and its objectives before watching it
and were then administered a survey.

All 100 students filled in the survey immediately after
having completed their experiences. The survey contained
16 questions and a map to be filled in, as shown in Table 1.
The first three questions (codes 1-3 in Table 1) were to do
with general satisfaction with the teaching experience. The
other questions (codes Q1-Q13 in Table 1) were divided
into three groups and were intended to assess whether the
students had progressed toward the session goals in the three
proposed topics. Each student selected one out of three dif-
ferent possible answers. The initial block of five questions
(Q1-Q5) concerned aspects that the student could only
learn by listening to the video narrative. This knowledge
included an understanding of the central historical events
related to Briviesca, its establishment and to different issues

regarding the urban layout of the town. The second group
contained five questions (Q6—Q10) on information gained
only by watching: It was not specific to the narration and
had to be absorbed by watching the rendered images (i.e.,
building height and house construction materials). A third
block included three questions (Q11-Q13) for the evaluation
of the capability of the viewer to remember the town and
the singular buildings. A map with blank boxes was also
provided to identify singular buildings of the town from a
spatial point of view. The responses were standardized and
adjusted in accordance with the total number of valid sur-
veys to be analyzed.

3 Results

The satisfaction of the students with the teaching experi-
ence was rated in questions 3 from 1 (hardly satisfied) to
5 (very satisfied). Figure 3 displays the average scores for
the three teaching strategies. The VRE played with the
gamepad locomotion scored an average of 4.72, and the
one using teleporting scored 4.67. The teaching experi-
ence of watching the rendered video yielded an average
figure of 4.24 (over 4 in all cases): a slight difference, but
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Table 1 Survey administered to students upon completion of the teaching experience (see annex for full survey)

Code Question Type Possible answers
0 Gender
1 Have you had any previous experience with Virtual Satisfaction Yes/no
Reality?
2 Have you experienced a sensation of dizziness dur- Satisfaction Non existent, mild, moderate, high

ing the experience?

3 What did you think of the experience?

r How was the Medieval layout of Briviesca built
up?

Q2  Who decided to undertake the urban replanning
and the new settlement of the city of Briviesca?

Q3  Why was Main Street one of the most inhabited
areas of the city?

Q4  The main use of the Torre del Homenaje was...
Q5  What event was held at the Velasco’s house?
Q6  What was the usual height of the town houses?

Q7  Why does the neighborhood next to the church of
San Martin have an irregular layout unlike the
rest of the town?

Q8  How has the grid layout of Briviesca been affected
over time?

Q9  What were the most common construction materi-
als in the main buildings of the town?

Q10 The nearest singular building to the Burgos Gate
was:

Q11 Where were the inns of the town located?

Q12 Where is the source of drinking water in Briviesca? Recalling the use of the main buildings
Q13  The most common structure of the houses in Medi- Recalling the use of the main buildings

eval Briviesca was...

LOC Match the empty spaces in the map with the name
of the singular building or services listed below

Satisfaction

Visually acquired knowledge
Visually acquired knowledge
Visually acquired knowledge
Visually acquired knowledge
Visually acquired knowledge

Recalling the use of the main buildings

Identification of singular places

Very good, good, normal, bad, very bad

Assimilation of the main historical aspects 3 options, only 1 correct
Assimilation of the main historical aspects 3 options, only 1 correct
Assimilation of the main historical aspects 3 options, only 1 correct

Assimilation of the main historical aspects 3 options, only 1 correct
Assimilation of the main historical aspects 3 options, only 1 correct

3 options, only 1 correct
3 options, only 1 correct
3 options, only 1 correct
3 options, only 1 correct
3 options, only 1 correct

3 options, only 1 correct
3 options, only 1 correct
3 options, only 1 correct

11 white boxes and 15 options available

5 4.67
4.24
4
3
2
1
0
VR Gamepad VR Teleporting Video
Locomotion

Fig.3 Overall student satisfaction with the teaching experience

enough to suggest greater general satisfaction with VRE.
One reason might be the novelty of VR experiences for the
students, because, as previously mentioned, it was a new
immersive virtual reality experience for 64% of students
Besides, this result is also connected with the low rates of
motion sickness that are outlined later on, because novelty
is insufficient in itself to assure higher satisfaction levels,
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if the user is not feeling comfortable with the VR experi-
ence (Bustillo et al. 2015).

Some motion sickness problems were experienced using
the gamepad locomotion in the VRE. Motion sickness or
more specifically, virtual reality sickness is produced by a
difference between visual and vestibular stimulations (Polcar
and Horejsi 2015). The stimuli received from the eyes differ
from stimuli from the inner ear. While watching the VRE,
eyesight reports body movement to the brain, although the
inner ears report no movement at all. This mismatch can
produce motion sickness. With the inclusion of roomscale
motion, where the user can stroll around the environment
and use teleportation to move longer distances, 80% of users
had a motion-sickness free experience. Figure 4 shows the
immense difference, in terms of motion sickness, between
the locomotion system and the gamepad locomotion.
Besides, the users who suffered from moderate-to-high sick-
ness problems during the experience dropped from around
30% in the gamepad locomotion experience to 0% in the
teleporting experience.
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100%
® VR Gamepad Locomotion

20% VR Teleporting
0

60%
40%
20% I
0% J |

non-existent Mild moderate high

Fig.4 Motion sickness using different locomotion systems in VR

The following group of questions (Q1-QS5) referred to
knowledge that had to be extracted from the video narra-
tive by the student. In Fig. 5, an average mark given to each
question and the average general score for the answers given
by the three groups of students is shown. Students viewing
the video gained higher marks for these questions (81/100
on average) than those on the virtual tour with teleporting
locomotion (68/100) or gamepad locomotion (60/100). Both
VR groups achieved similar marks, because the information
was learnt watching the videos and the locomotion proce-
dure should not affect this task. Although a larger number of
wrong answers were given to the questions by the students
following the virtual tour, there was an especially bad case in
QS5 for VRE gamepad locomotion users. This low score was
explained by a design error in the virtual tour: The students
bypass a video clip and finish the tour, missing a video clip
that offered the necessary knowledge to give a full response
to the question. Therefore, an important conclusion might
be extracted from this result: In an VRE, exposure to knowl-
edge pills should be strongly controlled. VREs provide stu-
dents with high levels of freedom during the learning expe-
rience; although this freedom can improve student interest,

B VR Gamepad Locomotion VR Teleporting W Video

60%
Average & 68%
Q1
Q2
100%
Q3
Q4

Q5

% of correct answers

Fig.5 Knowledge acquired from video narrative

it can also mean that the student misses out on part of the
teaching experience. It is unlikely to happen in traditional
teaching activities, where the teacher exercises much higher
control over student exposure to knowledge with many more
means of doing so.

The last block of questions and its results differed greatly
from the responses to questions (Q6—Q10) on knowledge
that could only be acquired visually. The average mark is
shown in Fig. 6 for the three groups of students and each
of their responses to the block of questions and the aver-
age scores. Those students on the virtual tour gained higher
marks for the five questions (on average, 69/100 and 68/100,
respectively) than the group that watched the video (57/100).
The better marks obtained in this block of questions (and in
the next two blocks) by the students following either of the
two VR experiences may be explained by the higher interest
of those students in the novelty of testing an VR environ-
ment compared with watching a video, which they saw as a
less attractive experience. Some studies have outlined that
this novelty can negatively affect learning rates (Makran-
sky et al. 2019). The user may feel a sensation of overload
and may be distracted from the learning goals when observ-
ing the VR environment, resulting in fewer opportunities
to build learning outcomes. This result may therefore not
only be justified by the novelty of VR for the students, and
it suggests that VR environments really do prompt visual
acquisition of knowledge.

Although no differences might be expected between the
results of the two groups that followed the virtual tour, there
were strong differences in some questions (Q6 and Q9). A
deeper analysis is required to understand this behavior. Q6
refers to the standard height of the houses of the town. We
observed that the students who used the gamepad locomo-
tion strolled the streets at a very slow pace to avoid motion
sickness, while those who enjoyed the experience with
teleporting locomotion took more time to explore the sur-
roundings of singular buildings rather than common dwell-
ings and moved quickly to those areas with the teleportation

M Video

B VR Gamepad Locomotion

VR Teleporting

69%

Average 68%

57%

Q6
Q7

Q8
100%

Q9

69%

Q10 60%

28%
% of correct answers

Fig.6 Visually acquired knowledge

@ Springer



158

Virtual Reality (2020) 24:151-161

option. The teleporting students therefore failed to recall the
height of the common houses and thought that the height
of the singular buildings was representative of the whole
city buildings, while they are usually higher than the other
buildings. In contrast, Q9 inquired into the materials of the
houses (what were the most common construction materials
in the main buildings of the town?). The teleporting group
responded better than the other groups to Q9, because they
spent more time watching singular buildings and therefore
retained the different materials that are used in the construc-
tion of the houses of the town.

The third group of questions (Q11-Q13) evaluated stu-
dent recall of the location of some of the main (inns, water
supplies...) services of the town. The average mark for the
three groups of students to each response and the average
general score are shown in Fig. 7. Again, the student group
on the virtual tour gained higher marks for three questions
(average marks of 50/100 and 54/100, respectively) than
the group watching the video (36/100). The difference in

H Video

W VR Gamepad Locomotion

VR Teleporting

Average 54%

60%

Qi1 73%

46%
43%
44%

Q12

43%

Qi3 47%

28%

% of correct answers

Fig.7 Ability to recall the locations of the main buildings

Fig.8 Spatial visualization
skills in a map

Singular Buildings

100%
80%
80%
70%
60%
50%
40%
30%
20%
10%

0%
Loc1  Loc2  Loc3
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Loc4 Loc5 Loc6 Loc7 Loc8  Loc®

the average mark was clearly significant (14—18 points). In
any case, all three groups presented low marks, due to the
difficulty of locating elements in a city after a 15-30-min
teaching experience. A deeper analysis is required to analyze
the results of Q11 (where are the town inns located?), the
worst answers to which were from the video students’ group.
These students could not recall the video narrative that
explained the location of the town inns; instead, they turned
to their own experience of Spanish cities and incorrectly in
this case located them in the Main Square: a problem that
was not found with the virtual tour, because the students
were facing the inns at the same time as they approached
the town gates (the real location of the inns) and were able
to recall that piece of information later on.

A map was provided as the final element of the survey to
study student recall of buildings and their spatial locations in
the VRE. Students were expected to identify singular places
(services and buildings) in Briviesca from a spatial point
of view. The average marks given to the three groups of
students and the average score for each response are listed
in Fig. 8. The first seven locations referred to singular build-
ings, while the last five referred to services and elements
that were not visually singular. As expected, the results were
not very good, due to the short experience and the intrinsic
difficulty of the spatial location task. But, once again, the
virtual reality groups achieved significantly better results: an
average of 62/100 and 56/100 versus 41/100 for the video.
Although the VR groups had a slightly longer exposure to
the map, as they were immersed in the VR environment
and they followed a fixed visual path (a path of flowers and
grass) in their tour (without any help of the use of the map),
it may be said that immersion can also reduce the impact
of paying attention to the map. There was therefore no sig-
nificant difference between any of the groups with regard
to exposure to the map that could have justified a higher

m VR Gamepad Locomotion VR Teleporting  m video

Seriveces / Non singular Buildings

Loc10 Locll Averzge
9 of correct answers
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learning rate in the group of questions relating to the loca-
tion of the buildings.

Considering the results of the previous group of ques-
tions, we observed a trend that clearly reflected the higher
efficiency of VR experiences for the recall of spatial posi-
tioning. Besides, the differences between the two means of
locomotion can be observed in Fig. 8. It confirmed that the
teleporting students paid more attention to singular build-
ings and were able to place them better on the map (e.g.,
Loc4, Loc6); however, with some non-representative build-
ings (e.g., Loc9, Loc10), they received worse marks than the
locomotion gamepad users.

4 Conclusions

This research has evaluated the possibilities and limitations
of virtual reality environments for teaching purposes, espe-
cially in topics related to cultural heritage. A virtual urban
reconstruction of the fifteenth-century Spanish town of
Briviesca has been considered for this educational research,
due to the special urban and historical characteristics of the
town at the end of the Middle Ages. Different topics have
been shared through this reconstruction: from historical
knowledge to urban layout. The virtual environment used
in this educational research was previously described in an
earlier study (Checa et al. 2016). It is displayed with Ocu-
lus Rift running on Unreal Game Engine. In this research,
two systems for user movement were selected: (1) gamepad
locomotion and (2) roomscale movements combined with
teleporting locomotion with Oculus Touch controls.

Furthermore, a teaching experience has been designed
following two different approaches. In the first, a more con-
ventional approach, the students viewed a 13-min video, cre-
ated with rendered images of the virtual environment, on the
Medieval history of the city, its urban structure and the use
and location of its main buildings. In the second approach,
the students were invited to a 30-min semi-guided tour in the
3D immersive environments and the screening of the afore-
mentioned video split into seven 2-min videos. In both cases,
there was a general presentation of the teaching experience
to the students beforehand and they were administered the
survey afterward. The survey questions were designed with
a view to the evaluation of knowledge learning of different
nature and general satisfaction regarding the teaching experi-
ence. In all, 100 undergraduate students on the Communica-
tions Media Bachelor Degree at Burgos University (Spain)
participated in this learning experience.

The first conclusion of this research is that the students
expressed their preferences for the VRE (their score of 4.7
was somewhat better than the score of 4.2 for the video),
explained perhaps by the novelty of some aspects for the stu-
dents. This higher level of satisfaction with VR experiences

was not always presented in the bibliography and can be
correlated with the absence of motion sickness thanks to the
use of the roomscale movements with teleporting locomo-
tion with Oculus Touch controls.

However, the keener interest that students showed toward
VRE also yielded positive results in terms of the learning
process, although this fact can be justified both by the nov-
elty of the VR experience for the students and by the inher-
ent capabilities of VRE to provide immersion and presence
states in the user. Learning by watching was more effective
on the virtual tour. There are differences in user behavior
depending on the locomotion procedure in the virtual real-
ity environment. Those users with gamepad locomotion
employed their time evenly throughout the tour, spending
similar lengths of time walking the streets and watching
singular buildings. They did so to limit motion sickness,
as quick movements while watching the surroundings will
produce this undesired effect. The users who moved around
using roomscale movements combined with teleportation
locomotion spent very little time walking the streets, because
moving with the use of the teleporting option gives no sick-
ness effects, and the students, on the other hand, spent more
time watching singular buildings. Therefore, although both
groups in the virtual tour learnt more about visually acquired
knowledge, the marks of the teleportation group were better
for details relating to singular buildings, while the marks of
the gamepad locomotion group were better for details relat-
ing to streets and normal buildings.

Besides, one of the most complex learning tasks in an
urban layout is learning the location of the main buildings
and sites of a city. In this case, all the marks of the students
were average, due to the difficulty of this task. But VRE
helped to acquire this skill, and the marks of the teleport-
ing locomotion group were slightly better than those of the
other VR group, perhaps because the students spent more
time watching the singular buildings in the city. This result
for the VRE groups cannot be linked to a slightly longer
exposure to the map, because these students are immersed
in the VR environment and they follow a fixed visual path
(a path of flowers and grass) on their tour (without the help
of the map). It may also be added that immersion might also
reduce the impact of paying attention to the map. In this
sense, there was no significant difference between any of
the groups in time of exposure to the map that could justify
a higher learning rate in relation to the identification of the
buildings on the map.

Finally, historical aspects and urban layout appeared to
be conveyed through the video narration more easily. In a
VRE, the exposure to knowledge pills should be strongly
controlled. The students had a high degree of freedom in
the VRE during the learning experience, heightening inter-
est, although with the risk of losing part of the learning
experience.
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In summary, the most balanced approach to undergradu-
ate student learning on cultural heritage was therefore
through a virtual tour with spatial location on a map and
video clips. Lastly, a virtual tour design was crucial where
the omission of certain steps in one part of the itinerary
can place some viewers following another route at an unfair
advantage. The implementation of a serious game might be
a better way of attracting the attention of students following
the VRE to historical concepts, which can be better transmit-
ted by watching videos.

Subsequent work will be directed at enlarging the scope
of the teaching experience to include older participants to
stress the importance of our conclusions and their range
of application. Besides, new teaching dynamics that allow
lengthier VRE experiences with higher student involvement
should be designed to improve the spatial allocation of the
buildings on a map and serious games appear to be the best
option for future developments in this area. The design of
lengthier VRE experiences will be an aim for future com-
parison with shorter VRE experiences and especially the
learning outcomes of both experiences.

Acknowledgments We gratefully acknowledge the support of NVIDIA
Corporation with the donation of the Titan Xp GPU used for this
research and Mario Alaguero for his work on the 3D models.

References

Alaguero M (2015) Briviesca en el siglo XIV - El suefio de Dofia
Blanca. Retrieved 12 Jan 2018, from 4/05/2015 website: https://
www.youtube.com/watch?reload=9&v=dwa7-94Y_Qw

Alaguero M, Bustillo A, Guinea B, Iglesias LS (2015) The virtual
reconstruction of a small medieval town: the case of Briviesca
(Spain). In: Archaeopress (ed) CAA2014 21st century archae-
ology, concepts, methods and tools. Archaeopress, Oxford, pp
575-584

Alhalabi WS (2016) Virtual reality systems enhance students’ achieve-
ments in engineering education. Behav Inf Technol. https://doi.
org/10.1080/0144929X.2016.1212931

Andreoli R, Corolla A, Faggiano A, Malandrino D, Pirozzi D, Ranaldi
M, Santangelo G, Scarano V (2016) Immersivity and playability
evaluation of a game experience in cultural heritage. In: Ioan-
nides M, Fink E, Moropoulou A, Hagedorn-Saupe M, Fresa A,
Liestgl G et al (eds) Digital heritage. Progress in cultural heritage:
documentation, preservation, and protection. Springer, Cham, pp
814-824

Bustillo A, Alaguero M, Miguel I, Saiz JM, Iglesias LS (2015) A
flexible platform for the creation of 3D semi-immersive environ-
ments to teach Cultural Heritage. Digit Appl Archaeol Cult Herit
2(4):248-259. https://doi.org/10.1016/j.daach.2015.11.002

Carrozzino M, Bergamasco M (2010) Beyond virtual museums: expe-
riencing immersive virtual reality in real museums. J Cult Herit.
https://doi.org/10.1016/j.culher.2010.04.001

Champion EM (2008) Otherness of place: game-based interaction and
learning in virtual heritage projects. Int J Herit Stud 14(3):210-
228. https://doi.org/10.1080/13527250801953686

Checa D, Alaguero M, Arnaiz MA, Bustillo A (2016) Briviesca in
the 15th c.: a virtual reality environment for teaching purposes.

@ Springer

Lecture notes in computer science (including subseries lecture
notes in artificial intelligence and lecture notes in bioinformatics).
https://doi.org/10.1007/978-3-319-40651-0_11

Chen S, Pan Z, Zhang M, Shen H (2013) A case study of user immer-
sion-based systematic design for serious heritage games. Mul-
timed Tools Appl. https://doi.org/10.1007/s11042-011-0864-4

Chen G, MaF, Jiang Y, Liu R (2018) Virtual reality interactive teach-
ing for Chinese traditional Tibetan clothing. Art Des Commun
High Educ 17:51-59

Chittaro L, Buttussi F (2015) Assessing knowledge retention of an
immersive serious game vs. a traditional education method in
aviation safety. IEEE Trans Vis Comput Graph 9:8. https://doi.
org/10.1109/TVCG.2015.2391853

Cohen J (1988) Statistical power analysis for the behavioral sciences,
2nd edn. Lawrence Erlbaum Associates, Publishers, Hillsdale

De Paolis LT (2013) Walking in a virtual town to understand and
learning about the life in the middle ages. In: Proceedings of the
13th international conference on computational science and its
applications, vol 1, pp 632-645. https://doi.org/10.1007/978-3-
642-39637-3_50

Delgado Ana R, Prieto G (1996) Sex differences in visuospatial ability:
do performance factors play such an important role? Mem Cognit
24(4):504-510. https://doi.org/10.3758/BF03200938

Freina L, Ott M (2015) A literature review on immersive virtual real-
ity in education: state of the art and perspectives. In: Scientific
conference elearning and software for education, vol 1. “Carol I”
National Defence University, p 133

Hupont I, Gracia J, Sanagustin L, Gracia MA (2015) How do new
visual immersive systems influence gaming QoE? A use case of
serious gaming with Oculus Rift. In: 2015 7th international work-
shop on quality of multimedia experience, QOMEX 2015. https://
doi.org/10.1109/QoMEX.2015.7148110

Kiourt C, Koutsoudis A, Kalles D (2018) Enhanced virtual reality
experience in personalised virtual museums. Int J] Comput Meth-
ods Herit Sci 2:23-39. https://doi.org/10.4018/IICMHS.20180
10103

Laurent D, Hismans G, Natacha D (2018) Exploring cultural heritage
using virtual reality. In: Ioannides M (ed) Digital cultural heritage:
final conference of the Marie Sktodowska-Curie initial training
network for digital cultural heritage, ITN-DCH 2017, Olimje,
Slovenia, 23-25 May 2017, revised selected papers, pp 289-303.
https://doi.org/10.1007/978-3-319-75826-8_24

Lee EA-L, Wong KW, Fung CC (2010) Learning with virtual real-
ity: its effects on students with different learning styles. In: Pan
Z, Cheok AD, Miiller W, Zhang X, Wong K (eds) Transactions
on edutainment I'V, pp 79-90. https://doi.org/10.1007/978-3-642-
14484-4_8

Loizides F, El Kater A, Terlikas C, Lanitis A, Michael D (2014) Pre-
senting Cypriot cultural heritage in virtual reality: a user evalua-
tion. In: Ioannides M, Fink E, Zarnié R, Alex-Yianing Y, Ewald
Q (eds) Digital heritage. Progress in cultural heritage: documen-
tation, preservation, and protection, pp 572-579. https://doi.
org/10.1007/978-3-319-13695-0_57

Lorenzini C, Carrozzino M, Evangelista C, Tecchia F, Bergamasco
M, Angeletaki A (2015) A virtual laboratory: an immersive VR
experience to spread ancient libraries heritage. In: 2015 Digital
heritage international congress, digital heritage 2015. https://doi.
org/10.1109/DigitalHeritage.2015.7419587

Lucet G (2009) Virtual reality: a knowledge tool for cultural heritage.
In: Ranchordas AK, Aradjo HJ, Pereira JM, Braz J (eds) Computer
vision and computer graphics. Theory and applications, pp 1-10.
https://doi.org/10.1007/978-3-642-10226-4_1

Makransky G, Terkildsen TS, Mayer RE (2019) Adding immersive vir-
tual reality to a science lab simulation causes more presence but
less learning. Learn Instr 60:225-236. https://doi.org/10.1016/].
LEARNINSTRUC.2017.12.007


https://www.youtube.com/watch%3freload%3d9%26v%3ddwa7-94Y_Qw
https://www.youtube.com/watch%3freload%3d9%26v%3ddwa7-94Y_Qw
https://doi.org/10.1080/0144929X.2016.1212931
https://doi.org/10.1080/0144929X.2016.1212931
https://doi.org/10.1016/j.daach.2015.11.002
https://doi.org/10.1016/j.culher.2010.04.001
https://doi.org/10.1080/13527250801953686
https://doi.org/10.1007/978-3-319-40651-0_11
https://doi.org/10.1007/s11042-011-0864-4
https://doi.org/10.1109/TVCG.2015.2391853
https://doi.org/10.1109/TVCG.2015.2391853
https://doi.org/10.1007/978-3-642-39637-3_50
https://doi.org/10.1007/978-3-642-39637-3_50
https://doi.org/10.3758/BF03200938
https://doi.org/10.1109/QoMEX.2015.7148110
https://doi.org/10.1109/QoMEX.2015.7148110
https://doi.org/10.4018/IJCMHS.2018010103
https://doi.org/10.4018/IJCMHS.2018010103
https://doi.org/10.1007/978-3-319-75826-8_24
https://doi.org/10.1007/978-3-642-14484-4_8
https://doi.org/10.1007/978-3-642-14484-4_8
https://doi.org/10.1007/978-3-319-13695-0_57
https://doi.org/10.1007/978-3-319-13695-0_57
https://doi.org/10.1109/DigitalHeritage.2015.7419587
https://doi.org/10.1109/DigitalHeritage.2015.7419587
https://doi.org/10.1007/978-3-642-10226-4_1
https://doi.org/10.1016/J.LEARNINSTRUC.2017.12.007
https://doi.org/10.1016/J.LEARNINSTRUC.2017.12.007

Virtual Reality (2020) 24:151-161

161

Muller N, Panzoli D, Galaup M, Lagarrigue P, Jessel J (2017) Learning
mechanical engineering in a virtual workshop: a preliminary study
on utilisability, utility and acceptability. In: 2017 9th international
conference on virtual worlds and games for serious applications
(VS-Games), pp 55-62. https://doi.org/10.1109/VS-GAMES
.2017.8055811

Passig D, Tzuriel D, Eshel-Kedmi G (2016) Improving children’s
cognitive modifiability by dynamic assessment in 3D Immersive
Virtual Reality environments. Comput Educ 95:296-308. https://
doi.org/10.1016/j.compedu.2016.01.009

Polcar J, Horejsi P (2015) Knowledge acquisition and cyber sickness:
a comparison of Vr devices in virtual tours. Mod Mach Sci J 8:8.
https://doi.org/10.17973/MMSJ.2015_06_201516

Remondino F, Nocerino E, Toschi I, Menna F (2017) A critical
review of automated photogrammetric processing of large

datasets. ISPRS Arch. https://doi.org/10.5194/isprs-archi
ves-XLII-2-W5-591-2017

Roussou M, Slater M (2017) Comparison of the effect of interactive
versus passive virtual reality learning activities in evoking and
sustaining conceptual change. IEEE Trans Emerging Top Comput.
https://doi.org/10.1109/TETC.2017.2737983

Webster R (2016) Declarative knowledge acquisition in immersive vir-
tual learning environments. Interact Learn Environ 24(6):1319—
1333. https://doi.org/10.1080/10494820.2014.994533

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

@ Springer


https://doi.org/10.1109/VS-GAMES.2017.8055811
https://doi.org/10.1109/VS-GAMES.2017.8055811
https://doi.org/10.1016/j.compedu.2016.01.009
https://doi.org/10.1016/j.compedu.2016.01.009
https://doi.org/10.17973/MMSJ.2015_06_201516
https://doi.org/10.5194/isprs-archives-XLII-2-W5-591-2017
https://doi.org/10.5194/isprs-archives-XLII-2-W5-591-2017
https://doi.org/10.1109/TETC.2017.2737983
https://doi.org/10.1080/10494820.2014.994533

	Advantages and limits of virtual reality in learning processes: Briviesca in the fifteenth century
	Abstract
	1 Introduction
	2 Methods
	3 Results
	4 Conclusions
	Acknowledgments 
	References




