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ABSTRACT 
The spatial orientation skill allows us to determine our location in relation to the 
environment. It can be developed through specific training, and is a competence to be 
acquired in STEM university degrees related to geospatial information. In addition to 
map reading, an activity that provides the spatial orientation skill is wayfinding. While 
wayfinding the information obtained from successive views of the environment 
provides spatial orientation. This research presents an immersive orientation 
experiment, in which an urban environment is displayed through a Smartphone 
installed in VR 3D glasses. The motion direction is controlled with a joystick. In the 
experiment 32-second year engineering students from La Laguna University 
participated, and the average gain in spatial orientation skill was of 12.81º, measured 
with the Perspective Taking Spatial Orientation Test. No gender differences detected. 
This gain is less than that obtained in previous experiments with GISc, Geoportals and 
Augmented Reality resources. 

Keywords: science and engineering education, immersive environment, spatial 
orientation, virtual learning environments, virtual reality 3D 

 

INTRODUCTION 
Spatial reasoning enables us to behave, interact and orient ourselves in the environment where we live. Spatial 
cognition is acquired through information from successive views of activities at the ground level. This is known as 
wayfinding or route based learning: it is the intellectual process used to establish the route to get from point A to 
point B. Wayfinding, the cognitive element of navigation, has been a relevant element in spatial cognition research 
(Patel and Kumar, 2010). In these wayfinding activities, the spatial orientation skill is needed. (Howard and 
Templeton, 1966; Hill 1998; Gonzato et al., 2011; Gonzato and Godino, 2011). 

The Spatial orientation skill is defined as the ability to remain oriented in a spatial environment when the objects 
in this environment are viewed from different positions (Fleishman and Dusek, 1971; Kozhevnikov and Hegarty, 
2001), the three-dimensional orientation in space during movement or the ability to orient oneself towards the 
environment and to be aware of one’s position in space (Reber, 1985), or the ability to physically or mentally 
orientate in space (Maier 1998). There are different classifications of spatial skills in which spatial orientation 
appears (Smith, 1964; Linn and Petersen, 1985; Maier, 1998; Hegarty and Waller, 2004), and in the classifications of 
Bodner and Guay (1997) and Tartre (1990, a, b), spatial orientation is one of the main components of spatial skills. 
Spatial orientation is a subject that awakes great interest in teaching institutions such as the National Council of 
Teachers of Mathematics (NCTM, 2000), which contemplates the development of spatial orientation as one of the 
sources to describe and to model the physical world. The research in didactics of mathematics contemplates 
teaching-learning environments for spatial orientation (Battista, 2007; Presmeg, 2006). In the European Space for 
Higher Education, spatial orientation as a kind of spatial skill is a competence to be acquired in a large number of 
university degrees (Spanish Cabinet Office, 2007a, b). 

While navigating (the aggregate task of wayfinding and motion), orientation is acquired through the 
information obtained from successive views where movement causes the point of view to change continuously. 
Wayfinding involves mental representations, route planning and estimation of distances. In maps, orientation is 
established through the geographic north, but while wayfinding there is not a north, and the orientation is 
established through the images of the environment (Lynch 1960). In the wayfinding process, the user perceives 
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surrounding space and acquires spatial knowledge and orientation about it, known as cognitive mapping, defined 
by Downs and Stea (1973) as the acquisition, composition and maintenance of spatial information and spatial 
knowledge. This spatial knowledge, also called spatial reasoning, contains elements such as the identification of 
spaces, reference points and routes between different places, directions, angles and distances, among others. A 
cognitive map is the internal cartographic representation by a person of the surrounding environment. These 
cognitive maps make it easy to find a route in a real-world environment or virtual environment, and also help us 
to remember the route from one point to another if we are asked for directions (Patel and Vij, 2010).  

 There is research on spatial orientation development in real-world environments (Montello et al., 1999; Hegarty 
et al., 2006), and through virtual navigation in a 3D scenario created by computer (Dahmani et al., 2012; Lin et al., 
2014; Carbonell, 2017). But real-world environments pose substantial and logistical problems (to transport the 
participants, weather conditions…) and even risk if there are participants with some degree of disability. Virtual 
environments can be a good alternative to avoid these risks (Darken and Banker, 1998). McKinnon and North (2004) 
concluded that users felt better within virtual environments than in real ones, because in virtual environments the 
users felt that they had better control over the space that surrounded them. 

There are researches in the field of spatial skills in virtual environments: McComas et al. (1998), Wilson et al. 
(1996), and Rose et al. (2000) affirm that VR training allows the transfer of spatial knowledge to real-world 
environments, and conclude that training in a virtual world is equivalent (in cognitive load) to training in a real 
environment. Related to wayfinding, Farrell et al. (2003), Waller et al. (2004), Schinazi et al. (2009), and Rodrigues 
et al. (2010) claimed that spatial knowledge acquisition while navigating in a virtual environment is easily 
transferable to the real world. In terms of spatial orientation skill, Richardson et al. (1999) said that the cognitive 
process to be oriented in a real environment is also used when we are in a virtual environment. Waller, Hunt and 
Knapp (1998) concluded that for navigation in virtual and real-world environments the same skills are needed. 
Later, Düsner et al. (2006) affirm that spatial orientation in extensive environments can be carried out using Virtual 
Environments. Most recently, Kuliga et al. (2015) found that there is almost no difference in route-based learning 
(or wayfinding) between virtual and real-world environments.  

Regarding virtual environments and spatial orientation, in previous research Carbonell (2017) presented an 
experiment in which the students worked with the Google Street View application displayed on a screen of a 
computer, among other resources such as orthophotos, maps and cartographic information. Thus, spatial 
orientation acquisition was analysed through route-based learning (Google Street View app) and survey learning 
(maps, cartography and orthophotos). The route-based learning activities were performed in a virtual environment, 
so it was really a virtual-route based learning activity. One of the future works proposed in that previous research 
was to study spatial orientation skill enhancement in a real-world environment activity. The present research, 
conducted with 32 engineering students, also studies spatial orientation skill development but from a different 
approach. Firstly, no maps are used (no survey learning acquisition), so the impact on the spatial orientation skill 
is analysed exclusively from route-based learning. Secondly, although the application is the same as the one used 
in the previous research (Google Street View), in this case a version for virtual reality is used. The immersive VR 
environment is created with the Google Street View app in smartphones connected to virtual reality glasses and 
locomotion sensors. 

INNOVATIVE EDUCATIONAL TECHNOLOGY: VIRTUAL ENVIRONMENTS 
AND VE-BASED SPATIAL LEARNING 

A virtual environment (VE) is a computer generated 3D environment that the user accesses through virtual 
reality. The user’s view represents the view he or she would have if he or she were in the real environment 
represented (Allahyar and Hunt, 2003). Virtual environments are used in fields such as safety training simulation, 
engineering and manufacturing, architecture, healthcare, layout planning, education and entertainment among 
others (Barfield and Baird, 1998; Uddin, 1999; Rafi and Karboulonis, 2000).  

Contribution of this paper to the literature 

• Research questions: Study the acquisition of the spatial orientation skill in a virtual learning environment 
through route-based learning activities. 

• Employed methods: Virtual Learning Environment performed with Google Street View and VR glasses. 
Two groups with different levels of spatial orientation carried out the experiment. 

• Findings: The VR orientation strategy performed developed the spatial orientation skill of the students. This 
gain was significantly higher for those participants who had a lower level of spatial orientation skill. No 
gender differences were found. The gain obtained is less (although not significantly) than that obtained with 
previous experiments carried out to enhance spatial orientation. 
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Pantelidis (1995) defined virtual reality (VR) as an interactive 3D environment in real time in which the user 
becomes an active subject within that virtual environment. Virtual reality, therefore, is composed of a series of 
technologies and interfaces that allow the user(s) to interact with a computer-generated 3D environment, all in real 
time. Due to advances in hardware and software in this field, virtual reality can become a powerful tool for the 
training of spatial skills (Domínguez et al., 2013). VR creates a sensation of immersion, navigation and interaction 
(Helsel, 1992) and is divided into three main categories: text based, desktop and immersive VR. In text based the 
communication with the environment is via text. Desktop VR incorporates 3D images, but in a non-immersive 
mode. Immersive VR enables the user to interact with the computer generated 3D environment (Loeffer and 
Anderson, 1994). The 3D immersive virtual worlds (3D IVWs) arouse great interest in teachers and educational 
researchers (Mayrath et al., 2011; Johannesen, 2013). Oh and Nussli (2014) claim to integrate the 3D IVWs in 
teaching, and affirm: “The potential for this technology in a classroom setting seems limitless.”  

Immersive environments through VE, also called immersive on-line real-time 3D environments (Stock et al., 2008), 
provide a first person experience, which allows the users to feel immersed while interacting with the environment 
by using, for example, VR glasses and motion sensors. In this research the participants navigate in an urban VE 
using 3D VR glasses and a motion sensor. The Google Street View application installed on a smartphone provides 
the urban VE environment (this VE environment is a virtual environment generated by scenes obtained from the 
real world, it is not a virtual scenario generated by some CAD system or similar). The smartphone is inserted in the 
VR glasses (Figure 1). In this way, the user has a presence in the represented virtual world that simulates their 
physical presence (Björk and Holopainen, 2004). The participant, using virtual reality and interfaces like virtual 3D 
glasses and a remote control for movement, experiences a sensation of immersion (Wu et al., 2015). 

 
Figure 1. Left. Woxter Neo VR glasses. Bluetooth remote control with joystick. Right: Virtual urban environment generated. 

Exploratory navigation requires real time interaction (Riva 2006). A hand-held mouse or joystick, which 
provides the user the feel of an immediate return of their movements and position, usually does navigation through 
VEs. In the present research, the participant moves through the streets using a joystick that he/she uses with 
his/her hand and that allows him/her to advance, turn left, right and go back (motion direction). This output 
device is known as the locomotion interface. Waller (1999) affirms that navigation through VEs may depend on the 
user’s ability to manipulate the locomotion interface. In this sense, the joystick allows a very intuitive and low price 
hand-on training setup for educational purposes.  

Virtual environments allow the user to acquire spatial knowledge of a real architectural environment (Darken 
et al. 1999), like that represented by the Google Street View application. Waller (1999) states that the estimation of 
the distance during a process of immersion in a virtual world is similar to that obtained in a real-world 
environment. Moreover, Witmer et al. (1995), Bliss et al. (1997), and Koh et al. (2000) concluded that, for the 
acquisition of spatial knowledge, immersive VE environments are as effective as real-world environments. Spatial 
knowledge acquisition depends on the fidelity of the environments, the interfaces to these systems and the methods 
of training. In this connection, MacEachern and Kraak (2001) concluded that the development of tools and methods 
to assist navigation and preserve orientation in virtual environments was a major challenge for researchers. For this 
reason, the present research performs an orientation activity with a virtual environment generated through VR and 
Google Street View. This spatial navigation model provided by the Google Street View application in VR 
corresponds to the Multiscale Progressive Model (Zhang, 2008). This model considers that navigation with 
orientation is a process in which navigation tasks are redefined step by step, such as when you are looking for a 
street, and in order to find it, it is necessary to transit through other streets. The navigation is composed of a series 
of subtasks at different levels in which to perform a subtask it is necessary to finish the previous one. To complete 
these subtasks in the search for a street we need spatial orientation, through which we plan the objective, the path 
to be followed and a continuous evaluation of the results. In the wayfinding process the environment is perceived 
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and our spatial perception is updated, so that if a subtask has not been completed, more movement is needed. 
“Spatial knowledge guides movement, and movement updates spatial knowledge” (Patel and Vij, 2010). This 
author proposed a list of quality factors for VR-based spatial learning techniques: “Speed of learning” (speed in the 
realization of cognitive maps), “Navigation Efficiency” (it is more efficient when fewer steps are taken and less 
distance is travelled to complete a task), “Accuracy” (nearness to the desired goal), “Spatial Awareness” 
(orientation and constancy of position within the environment during and after navigation), “Ease of Learning” 
(the ease of the user to deal with the technique), “Ease of Use” (the complexity of the technique perceived by the 
user), “Information Gathering” (the user’s ability to obtain information about the environment while navigating), 
“Presence” (perception by the user of the immersive process in the environment), and finally, “User Comfort” (the 
possible effect of nausea or dizziness on the user). 

In the experiment carried out in this research, VR Google Street View meets all quality factors except the last 
one. At the end of the present experiment the participants responded a questionnaire in which they were asked if 
they had been dizzy using VR glasses: 50% responded that they had not become dizzy, but 15% got a little dizzy, 
12.5% got dizzy, 10% got relatively dizzy and 12.5% got very dizzy. 

THE EXPERIMENT 

Design 
In the present experiment, the participants navigated along three predesigned routes using virtual reality 3D 

glasses, and completed a psychometric measure of spatial orientation before and after this training.  
There are numerous applications and games in VR that occur in vehicles, but this experiment arises from the 

perspective of a user who is walking through a 3D urban environment looking for certain places. In this sense, Patel 
and Vij (2010) suggested that the estimation of distances and orientation is better achieved by walking than driving 
a vehicle. The urban environment is coincident with the “Landmark-Route-Survey” (or LRS) model of spatial 
knowledge representation, described by Siegel and White (1975), and Thorndike and Godin (1983). Objects typical 
of urban environments allow the construction or decomposition of any locality: significant milestones or signals, 
routes or paths that connect the landmarks and nodes (interchanges or junctions between routes). 

In the present research, the user experiences a sensation of immersion in a 3D virtual environment through the 
smartphone integrated in 3D glasses, and moves around the environment (exploratory navigation) thanks to a 
joystick with Bluetooth connection. It is an experiment in VE as a preparation aid for real world navigation tasks. 

Materials 
The urban environment was displayed through the Google Street View application on Smartphones. The 

hardware for the experiment was 15 Woxter Neo VR glasses equipped with a joystick each one for remote control. 
The participants used their own Smartphone devices. 

The spatial orientation skill can be measured through a test (Alinas et al., 2002), and in this research the 
Perspective Taking Spatial Orientation Test was used. This test was designed by Kozhevnikov and Hegarty (2001), 
and used by others such as Hegarty and Waller (2004), Carbonell et al. (2011, 2015), Carbonell (2017), and Carbonell 
and Bermejo (2017) in workshops similar to the one carried out in this research in which other technologies and 
methodologies for the development of spatial orientation have been used. 

Completed using paper and pencil, it consists of 12 exercises, each on one page, to be done in 5 minutes. The 
participant sees a picture of a group of six objects in the top half of the page (cat, house, stop sign, car, stop light, 
tree and flower), and imagines that he or she is standing by one object (station point) and facing towards another 
object. The score for each item is the absolute deviation in sexagesimal degrees between the answer given for the 
participant and the correct direction to target. The total score is the average deviation across all items, so the lower 
the score obtained, the greater success rate.  

In order to measure the gain obtained by the students in spatial orientation skill performing the workshop, the 
participants completed the test before (pre-test) and after (post-test) the activity.  

Also, in order to know if the students felt dizzy when using the virtual reality glasses, the participants answered 
a questionnaire. 

Participants 
The participants were 32-second year engineering students from La Laguna University (19 males, 13 females) 

with a mean age of 21.5 and a standard deviation of 1.85, from the 2016-17 academic course. None of them had 
prior training in spatial orientation in VR environments. All participants signed a document called “informed 
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consent” on the experiment to be performed, according to the 95/46/CE European Directive and Organic Law 
15/1999 of the Spanish Cabinet Office number 298. 

At the University of La Laguna there have been workshops for the development of the spatial orientation skill 
from the 2010-11 to the 2015-16 academic course, in which, as in this case, students from the second engineering 
course participated. These workshops had included a control group in each of them. A total of 95-second year 
engineering students belonged to these control groups. The control group captures what could have been the 
outcome if the activity had not been complemented. It serves, in turn, to know if the possible improvement obtained 
is due to the effect of the training or is due to the so-called recall effect of the test. The research conducted with 
these workshops (Carbonell, 2017; Carbonell and Bermejo, 2017) has shown that students who did not participate 
in the workshops did not achieve a statistically significant gain in their spatial orientation skill. The gains and p-
values obtained where 5.29º degrees (p-level = 0.113) and 2.62º degrees (p-level = 0.202) respectively.  Therefore, in 
the activity performed in this research no control group has participated because it has been sufficiently 
demonstrated that the spatial orientation skill does not experience a significant increase in students who do not 
participate in specific training. 

Procedure 
The activities to be carried out in the present workshop are based on previous research on spatial orientation 

with navigation in immersive virtual environments (Witmer et al., 1995; Waller et al., 1998; Koh et al., 2000; Darken 
and Peterson, 2001).  

In the first phase (½ hour): students were provided with 30 minutes to connect the smartphone to the 3D VR 
glasses, and connect the joystick through Bluetooth. Once all the connections work, students familiarize themselves 
for a while with the interface. Prior to the activity participants were told to install the 3D Street View Application 
on their smartphones. 

In the second phase (½ hour): this phase is performed without using the virtual reality glasses. A predefined 
two routes were given to the participants in a sketch. The two routes are from point A to point B (going) and from 
point B to point A (return) by different paths. They were instructed to remember the routes and the related 
information (streets, landmarks, turns…). They were told that once the process of learning the routes on the sketch 
were completed, they could not consult or display this information again.  

In the third phase (1 hour): students put on virtual reality 3D glasses, started from the point of origin and 
followed the routes proposed according to the information acquired in the previous phase. Each time they reached 
a crossroad they had to turn to go to the next direction. In each route they were asked for successive control points, 
details (landmarks) that appeared on the route, like for example the colour of a house, the name of one street or the 
name of a shop. To get to the target, spatial orientation was acquired through the information obtained from 
successive views at the ground level perspective in a 3D urban environment. While navigating, students perceive 
surrounding space and they construct their own cognitive map (the internal cartographic representation that each 
person makes of the environment). In this process they identify places and landmarks, directions, routes and 
distances, among others. During the experiment, the instructor was listening the verbal reports of the participants 
on the landmarks, to verify if the route taken was correct. If the landmarks were not correct, the instructor would 
communicate it to the student in order to repeat the navigation until finding the correct landmark and thus continue 
the correct navigation task. All students completed the two routes, but some took longer time than others. No 
student exceeded the one-hour of phase 3 assigned to do it. 

DATA ANALYSIS 
The effect of the experiment carried out on the spatial orientation skill was analysed by the paired samples t-

test since the assessment test provided a single score. The working hypothesis was: Urban virtual environments 
displayed with the VR Street View Application develop the spatial orientation skills of university students. Note 
that the lower the score the greater the success obtained, given that the score is the difference in degrees between 
the correct answer and the one given by the participant (Table 1). 

Table 1. Perspective Taking/ Spatial Orientation Test average values 
Perspective-Taking Spatial Orientation Test Average values and level of significance 

Participants Pre Mean Score (s.d.) Post Mean Score (s.d.) Gain p-level 

N=32 47.21 
(28.43) 

34.39 
(22.18) 

12.81 
(13.97) 0.000006<0.01 

s.d. Standard deviation 
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According to the t-test, the participants developed their spatial orientation skill in 12.81º sexagesimal degrees. 
The significance level (p-level<0.01) did not reach 1%, therefore the null hypothesis was rejected and stated, with a 
significance level over 99,9%, that the gain was statistically significant.  

The average score in the Pre-test is 47.21. Therefore, taking into account that according to the score of the test, 
the higher score the lower spatial orientation skill, two groups (High level < 47.21 and Low level > 47.21) were 
considered according to their initial spatial orientation score (Pre). (Table 2). 

Table 2. High / Low spatial orientation level (pre-test) groups 
High / Low spatial orientation level (pre-test) groups 

Spatial orientation pre-level group Pre Mean Score (s.d.) Post Mean Score (s.d.) Gain p-level 
High spatial orientation level  

(Pre-score <47.21) N=17 
24.56 
(8.39) 

17.18 
(7.62) 

7.38 
(4.84) 0.0000<0.01 

Low spatial orientation level  
(Pre-score >47.21) N=15 

72.87 
(19.52) 

53.90 
(15.97) 

18.97 
(18.14) 0.001<0.01 

s.d. Standard deviation 

Both groups, High and Low spatial orientation level, developed their spatial orientation skills in 7.38 (p-level = 
0.0000) and 18.97 (p-level = 0.001) respectively. The difference in the gain between the two groups was significant 
(p-level = 0.0082), which allows us to state that Low spatial orientation level group improved more their spatial 
orientation skill than High spatial orientation level group in this experiment. 

By gender (Table 3), both, males and females, developed their spatial orientation skill after the training session: 
14.19 (p-level = 0.00178) and 10.80 (p-level = 0.00026), respectively. Males obtained a higher gain than females, 
although the difference was not significant (ANOVA results: f-ratio=0.44736, p-level = 0.509). This coincides with 
the experiment carried out by Carbonell et al. (2011), Carbonell et al. (2012), and Carbonell and Bermejo (2017). 

Table 3. Perspective Taking/ Spatial Orientation Test average values by gender 
Perspective-Taking Spatial Orientation Test Average values and level of significance by gender 

Participants Pre Mean Score (s.d.) Post Mean Score (s.d.) Gain p-level 
Male 
N=19 

42.10 
(30.71) 

27.91 
(17.36) 

14.19 
(16.89) 0.00178<0.01 

Female 
N=13 

54.67 
(23.91) 

43.88 
(25.57) 

10.80 
(8.29) 0.00026<0.01 

s.d. Standard deviation 

Results of Previous Experiments for Spatial Orientation Skill Development 
In order to contextualize these data, results of three workshops specifically designed for the improvement of 

the spatial orientation skill are described. 
The participants who performed these workshops were second year engineering students of La Laguna 

University, such as those who participated in the experiment carried out in this paper. In addition, the measurement 
was performed with the Perspective Taking-Spatial Orientation test. In all of them the students took the test before 
the workshops (pre-test) and at the end of the workshops (post-test). The results of these workshops are in Table 
4. 

Table 4. Previous experiments for spatial orientation skill development 
Previous experiments for spatial orientation skill development 

Technology 
Perspective Taking/Spatial Orientation Test 

Spatial Orientation acquisition by: N Pre-test (s.d.) Post-test (s.d.) Gain (s.d.) 

SDI Geoportal 248 46.93 
(25.29) 

27.72 
(18.91) 

19.21 
(15.54) - Survey learning (map reading) 

GISc Spatial Thinking 158 44.55 
(21.74) 

25.49 
(16.73) 

19.06 
(16.13) 

- Survey learning (map reading) 
- Wayfinding 

Augmented Reality 63 46.01 
(13.65) 

25.87 
(14.73) 

20.14 
(14.80) 

- Survey learning (map reading) 
- Landform interpretation 

Total 469 46.01 
(23.42) 

26.72 
(17.68) 

19.28 
(15.62)  

s.d. Standard deviation 
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SDI Geoportal Workshop (Carbonell et al., 2015): the experiment was conducted during four academic years 
2009-2010, 2010-2011, 2011-2012 and 2012-2013. The methodology employed to develop the spatial orientation skill 
was as a Geoportal: The Spatial Data Infrastructure (SDI-Workshop). In the instruction of the SDI-Workshop the 
participants determined locations and perspectives in urban environments using maps, plans, orthophotos and 3D 
displays. 

GISc Spatial Thinking Workshop (Carbonell, 2017): carried out with 158 engineering students, using the 
geographic information science GISc resource, during the 2010-2011, 2011-2012, 2012-2013 and 2013-14 academic 
years. In this case, students performed activities related to spatial-thinking acquisition: survey learning (with maps) 
and route-based learning (with the Street View application on a pc screen). 

Augmented reality Workshop (Carbonell and Bermejo, 2017): done with Augmented Reality technology and 
tablets with 63 engineering students during the 2014-15 academic year. Participants determined locations from 
landforms using their spatial orientation skill to make a 2D/3D interpretation through visualizing the appearance 
of scenes from different points of view. 

The gain obtained in the present research using VE (12.81, 13.97 s.d.) is less than that obtained with the SDI 
resource (19.21, 15.54 s.d.), the GISc resource (19.06, 16.13 s.d.) and Augmented Reality technology (20.14, 14.80 
s.d.). The results of the ANOVA analysis shows that these differences in gains are not significant at p<0.01 (f-
ratio=1.80622, p-value=0.14507). In the SDI workshop participants developed their spatial orientation skill through 
map reading. With the GISc resource the spatial orientation acquisition was made through map reading and route 
based learning. For route based learning, the participants used the Google Street View app, in which the interface 
to the virtual environment was a desktop display with a keyboard and one mouse. It is the most similar experience 
to that performed in the present research, because the same app was employed but in a different virtual 
environment display. In the third case, the students worked with landforms represented in 2D (conventional relief 
representation with traditional cartographic techniques like contour lines, among others) and in 3D with 
augmented reality (in addition to map reading and wayfinding, other authors like Nardi et al. (2010), Newcombe 
and Shipley (2015), and Carbonell and Bermejo (2017) consider landform interpretation as an activity for which 
spatial orientation is necessary). 

DISCUSSION, CONCLUSIONS AND FUTURE WORK 
Planning an orientation activity in a real-world open environment is complex. It takes a lot of time to do it 

(participants ‘round trip to where they are going to do the activity) and this is complex to fit into the students’ 
academic schedules. In addition, it could be difficult by factors such as weather conditions and the level of disability 
that a student might present. The present research describes a Teaching/Learning strategy in a virtual urban 
environment using the VR Innovative educational technology as a training aid for real world navigation tasks.  

Virtual Reality may be useful for training the spatial orientation skill. Virtual urban environments displayed 
with the VR Google Street View Application developed the spatial orientation skill of university students in 12.81º 
sexagesimal degrees (13.97 s.d.). The gain in spatial orientation was significantly higher (p-level = 0.0082) for those 
participants who had a lower level of spatial orientation skill at the beginning of the experiment (Pre-test). Virtual 
reality training, therefore, appears to be more effective for those with less spatial orientation skill compared to those 
with a higher spatial orientation skill. This could also be due to the fact that those with a higher level of spatial 
orientation have a lower profit margin. There is no research on this subject, so as a future work this issue could be 
studied. On the other hand, and also as future work, an additional post-test could be performed some weeks after 
the intervention to check if there is persistence in the results. In this way it could be known the long-term reach of 
this technology for the improvement of spatial abilities. 

In relation with previous experiments, the average gain 12.81º (13.97 s.d.) obtained in the workshop carried out 
in the present research is less (although not significantly: f-ratio=1.80622, p-value=0.14507) than that obtained with 
other resources and/or technologies to enhance spatial orientation, with an average gain of 19.28º (15.62 s.d.). The 
common denominator of this 19.28º average gain is the use of maps along with other technologies and/or resources 
like GISc, Geoportals and Augmented Reality. The use of maps, therefore, continues to be a great complement along 
with other technologies for the development of spatial orientation, since in the present experience no maps have 
been used and the gain has been less.  

This conclusion is similar with that obtained by Waller et al. (1998), who said that VR training is not more 
efficient than map reading for the acquisition of spatial orientation, although we must consider that virtual reality 
techniques are now much more advanced than in 1998. Most recent research (Roca-González et al., 2017) on the 
development of the spatial orientation skill, in which the use of maps was combined with VR, showed similar gains 
as those obtained with the SDI, GISc and AR workshops. This, together with the results obtained in the present 
research, confirms the importance of cartography as a complement to virtual reality and another methodologies 
and techniques for the acquisition of spatial ability. 
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Analysing the results by gender, there are no statistically significant differences in gain in spatial orientation 
obtained by women and by men after specific training (f-ratio=0.44736, p-level = 0.509). Some references have been 
cited in which the result by gender is similar (Roca-González et al., 2017; Carbonell et al., 2011; Carbonell et al., 
2012; Carbonell and Bermejo 2017), although there is also other research that concluded otherwise (Carbonell, 2017). 
Liu et al. (2011) found, in study of gender with different orientation strategies, that there was no difference in tasks 
related to spatial orientation like landmark recognition and left-right orientation, and that males were better than 
females in path reversal and cognitive maps. They concluded that differences in gender might be due to operating 
with the orientation material provided. Other research (Coluccia and Louse, 2004; Coluccia et al., 2007) corroborates 
this claim. Therefore, for a gender study on spatial orientation, specific analysis should be carried out for each of 
the orientation activities and for each technology used. 

As future work, pedestrian VR interfaces such as the treadmill-style interface or robot tiles with actuated shoes 
could be analysed from two points of view. One, to analyse their impact on spatial orientation and two, to study if 
they provoke dizziness in users, as in the case of the present research, in which 50% of participants felt dizzy, and 
even 12,5% got very dizzy during the experiment using VR glasses. 
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