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Abstract

The rise of virtual reality has overcome many of the methodological challenges faced by researchers
studying spatial navigation. Yet, the difficulty in developing life-like virtual settings still remains a
substantial barrier to most studies when fidelity to the real world has to be achieved in order to ensure some
psychological validity of the results. Moreover, the variety of the settings results in standardization issues
across studies. Our argument is that widely available video games could represent a worthwhile alternative to
laboratory-made virtual environments, while providing a satisfactory methodological quality. This study
assessed a prototype of landmark-based navigational aid by administering wayfinding tasks in the video
game Grand Theft Auto V. Our results provide evidence that this video game offers a transparent and
adaptable way to investigate cognitive processes with high experimental control and psychological validity.
Recommendations towards the use of video game-based methodologies for future research are discussed.

1. Introduction
1.1. Spatial navigation and wayfinding

Spatial navigation within an environment consists in starting from a location to reach a destination
either indoors or outdoors. This is the fundamental first step in most people’s daily activities. This activity is
sustained by two key components: Locomotion and “wayfinding” (Montello, 2005). While locomotion
designates bodily movements and muscular coordination in the immediate surroundings of an individual,
moving towards a distant location involves the set of cognitive processes referred to as “wayfinding”,
defined as the construct and the use of internal spatial representations to find and follow a path linking two
places (Golledge, 1992; Montello, 2005, 2017; Wiener et al., 2009). This spatial problem-solving involves
not only visual perception, but also executive and mnesic functions, in order to retain spatial information and
perform the adequate actions that will lead an individual from an origin to their desired destination
(Meneghetti et al., 2017; Vandenberg, 2016). In particular, wayfinding relies heavily on internal spatial
representations, or “mental models”, from a “landmark”, first-person perspective to a “survey”, bird’s eye-
view of the environment (Johnson-Laird, 1980; Siegel & White, 1975; Tolman, 1948).

Wayfinding is considered a complex, multifactorial and cognitively costly task. Various navigational
aids have been developed over the last 40 years in order to assist people in finding their way towards a
destination, whether they drive a vehicle or walk (Grison & Gyselinck, 2019). However, as Grison and
Gyselinck (2019) highlight, few of these solutions, if any, rely on the body of work of cognitive science on
wayfinding. Indeed, while it is documented that the use of “landmark” spatial information eases wayfinding
(Denis, 1997; Denis et al., 2007, 2014), most current navigational aids rely solely on complex “survey” aerial
information, and might therefore not be optimal (Grison & Gyselinck, 2019). Denis et al. (2007) advocated
the use of landmark representations in navigational aids, as they have proven crucial to effective wayfinding,
allowing people to avoid mistakes and hesitations. However, very few studies have reported testing
navigational aids using landmark representations.



1.2. Virtual reality as a means to explore human wayfinding in simultaneously controlled
and realistic environments

The study of human behavior in the real world has long faced a methodological limitation, mainly due
to the heterogeneous place-specific complexity of a real environment, and the lack of control on it (Kimura
et al., 2017). In order to achieve ecological and controllable experimental conditions, researchers faced the
need to make the laboratory “life-like” (Gibson, 1979). This methodological challenge has been increasingly
overcome in the last 20 years with the rise of virtual reality (Bohil et al., 2011; Tarr & Warren, 2002). In
particular, virtual environments represent the preferred choice for exploring human spatial cognition (Wilson,
2013), as they can potentially reach a high level of fidelity to the physical, perceptual and spatial
characteristics of the real world (Burkhardt, 2003). Virtual reality has thus been used in a variety of recent
studies on spatial navigation (Gyselinck et al., 2013; Lhuillier et al., 2018; Nys et al., 2018; Plancher et al.,
2018).

Yet, since no turnkey solution is available for virtual environments, when using virtual reality,
researchers need to develop laboratory-made virtual environments from scratch (Khan & Rahman, 2018; Li
et al., 2019; Lingwood et al., 2018; Pazzaglia et al., 2017; Sharma et al., 2017). Unfortunately, the technical
burden of developing functional and life-like virtual settings often restricts the degree of fidelity of the
environment to the real world that is achieved. This limitation in fidelity might therefore be a barrier to the
“psychological fidelity” of the virtual environment, i.e. the way virtual reality triggers life-like behavior
(Leplat, 1997). Thus, as environments achieving heterogeneous levels of fidelity to the real world could
indeed result in different behavioral measurements, laboratory-made virtual environments might represent a
limitation to the generalizability of the results as well as the replicability of the studies using them.

To our mind, widely available video games could overcome these limitations, as they can provide a
high degree of fidelity to the real world and can be used across laboratories as well as being controllable,
low-cost and safe experimental tools. Still, video games are rarely, if ever, used as such in the literature
(Coutrot et al., 2019). Research on cognitive science and spatial navigation could nevertheless benefit from
video game-based methodologies.

1.3. Objectives of the study

The present study has two main objectives. Firstly, we aim to assess the effect of two types of
navigational aids on human wayfinding performance. More specifically, we compared an innovative
landmark-based prototype of navigational aid to a more commonly-used, survey-based wayfinding aid. We
also compared the perceived usability of these two aids.

Our second objective was to gather evidence on the use of a widely available video game as a
transparent, easily replicable and adaptable means of investigating cognitive processes with both a high
experimental control associated to high ecological validity. We used the video game Grand Theft Auto V
(Rockstar Games, 2013) to develop the experimental environment and spatial tasks considered in the study.

The present paper reports on part of a larger study, which investigated the effect of cognitive load and
navigational assistants on wayfinding and internal spatial representations. In this paper, we focus only on the
effect of navigational assistants on wayfinding and usability, and wish to demonstrate the approach used and
the interest of using this type of videogame for research on spatial cognition topics.

1.4. Hypotheses
We conducted this study with two hypotheses. First, a navigational aid based on landmark information
would result in better wayfinding performance during an urban journey, in comparison to a navigational aid
based on survey information. Second, we also hypothesized that the landmark-based aid would be evaluated
as more usable than the survey-based aid.



2. Material and methods
2.1. Participant recruitment and sample characteristics
Forty-six participants (29 women, 17 men) were recruited among the students at the Université de
Paris (France). An exclusion criterion was the existence of disabilities impacting the visual, motor or
cognitive functions, thereby creating difficulties in wayfinding possibly unrelated to the experimental
settings. Participants were informed that they would receive course credits for their participation. The mean
age was 21.87 years (Min = 16, Max = 44, SD = 3.09).

2.2. Experimental conditions

Participants were randomly assigned to one of the two experimental “Navigational assistant”
conditions (n = 22, n = 24), each comprising a similar proportion of men and women. Each participant
travelled a total of two routes, in two different neighborhoods of the virtual environment, for an approximate
duration of 20 minutes. The order of the districts was counterbalanced.

The two experimental conditions were based on the navigational assistant assigned to the participant
(“landmark” or “survey”). The two assistants gave different instructions for the same route, according to the
following principles.

Both navigational assistants gave directions divided into three successive steps (initial, intermediate
and closing statements). Both assistants started and closed the guidance with the same initial and closing
statements (“You are near the theater...”; “...Then stop at the intersection”). However, the information
provided at each intermediate statement during the route differed between the two conditions.

The “landmark” assistant’s intermediate statement associated the previously mentioned landmark with
an action to be performed, from the point of view of the participant (“Go along this theater on the right...”).
The “survey” assistant’s intermediate statement gave a bird’s eye-view direction that was independent of the
participant’s point of view (“Head southwest...”). The operation of the two navigational assistants is
illustrated in Figure 1.

Initial location statement (Both assistants)
“You are near the Astro movie theater...”

Intermediate information from the Intermediate information independent of the
participant’s point of view participant’s point of view

(Landmark assistant) 1 f (Survey assistant)

“Go along it on the right” “Head southwest”

Closing statement (Both assistants)

“...Then stop at the intersection.”

Figure 1: Representation of the operation of the two navigational assistants used in the experiment.

The initial and closing statements of the instruction are always the same regardless of the assistant. Only the
intermediate statement guiding the participant differs between an instruction using landmark-based information
(landmark assistant) or bird’s eye-view information independent of the participant’s point of view (survey assistant).

Wayfinding performance was measured from the navigation task in the virtual environment using
indicators of effectiveness and efficiency of wayfinding. We measured the moves in the wrong direction
during the trip to evaluate wayfinding effectiveness, and visual explorations and complete stops to evaluate



wayfinding efficiency. Subjective usability was assessed through a dedicated questionnaire, the System
Usability Scale (Brooke, 1996).

Spatial skills and prior knowledge of the video game were assessed for both groups in order to ensure
that they were equivalent.

2.3. Wayfinding task

All participants, regardless of their assigned navigational assistant, performed the wayfinding task.
The task consisted in the completion of a total of two routes, in two different virtual neighborhoods. The
experimenter initially told the participant that throughout the experiment, the time of day in the virtual
environment would be early morning and the sun would therefore always be in the east. The experimenter
gave the following instruction to the participant for each neighborhood: "You are sightseeing in a city you do
not know. You are looking to visit two shops. You do not know how to get there, but you have a navigational
assistant that will guide you along the way". The experimenter then put a reminder in the form of a paper
card under the participant’s screen where the names of the two shops to be reached during the trip were
written, so that the names of their destinations were always visible.

Each of the two trips therefore took the participant from their starting point to two successive
destinations: A first and then a second shop. The routes connecting the starting point and the two shops in
each neighborhood passed through several decision points, where the navigational assistant had to be used.
Each trip was completed when the participant reached the second shop. A representation of the routes in each
neighborhood is shown in Figure 2.
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Figure 2: Map representations of the routes in the two virtual neighborhoods.

On each map, (A) indicates the participant's starting point, (B) the first shop to be reached and (C) the second shop. The
participant is guided by the navigational assistant during the journey represented by the black line connecting
successively (A), (B) and (C). These routes are invariable for all participants.

The participant’s starting point was located in front of a single-storey restaurant whose name was
displayed on the front. The trip in the first neighborhood passed through seven decision points where the
participant had to follow the directions given by the navigational assistant, and led successively to a jewelry
store and a clothing store. The trip in the second neighborhood passed through five decision points, and led
successively to a fast-food restaurant and an organic shop. All four destination stores were identifiable with a
sign indicating their name above their entrance. An example of a destination is pictured in Figure 3.



Figure 3: Example of destination for one of the trips, as seen in-game from the street.
The name of each destination was always displayed above the entrance.

The participant had to move towards their destinations thanks to the navigational assistant’s
instructions, which led them from one decision point to the next. The first instruction of each of the two
routes was given automatically by the navigational assistant at the start of each trip. Then, the participant
could use the assistant freely during the rest of the trip, by issuing two voice commands, “repeat” and “next”,
in order to hear the last instruction again or to obtain the next instruction when they had arrived at a decision
point and needed to know where to go. The participant had to utter one or the other of the two words
distinctly when necessary or when desired to trigger the appropriate instruction.

2.4. Procedure

The procedure was in three steps: a training phase (5 minutes) followed by two guided trips in the
virtual district (10 minutes each). During the training stage, the participant was guided by the experimenter
to become familiar with the tasks and the interactions required to easily navigate in the virtual environment
(walking and head movements in all directions). Then the navigational assistant was presented to the
participant, who had to find the route to two nearby shops, using the assistant. When the participant judged
that they could move easily, the training was stopped. Then the wayfinding task was performed. After
finishing the task, the questionnaire assessing the usability of the navigational assistant as well as the control
questions on spatial skills and prior knowledge of Grand Theft Auto V were completed by all participants on
a computer.

While the present paper focuses on wayfinding performance and usability, the procedure also included
additional tasks designed to evaluate internal spatial representations; these data are not presented here.

2.5. Material
2.5.1.Virtual environment conditions based on Grand Theft Auto V
The two virtual environment conditions are based on two neighboring districts of the fictitious virtual
city of Los Santos from the video game Grand Theft Auto V (Rockstar Games, 2013). Grand Theft Auto V is
a gaming software that embodies an avatar within a visually realistic environment (e.g., daily solar cycle,
pedestrians, vehicles, weather conditions). The experiment was carried out using the “director mode”, which



allows the environmental and visual parameters of Grand Theft Auto V to be controlled. The software was
installed on an Asus TUF Gaming FX504 Series PC and displayed on a separate 19-inch screen in front of
the participant.

For this study, two virtual neighborhoods that were as similar as possible to the characteristics of
European cities were chosen: A high density of landmarks mixing both commercial and residential buildings,
including apartments as well as small shops and restaurants, an irregular mapping (urban blocks of different
sizes and shapes) and no high-rise buildings. As the names of some shops consisted of French puns, we
masked them visually by positioning objects before their facades, in order to avoid any resulting cognitive
saliency effect.

For the training stage, we selected two other virtual districts that did not share any landmarks or signs
in common with the two experimental districts, in order to avoid any transfer of learning.

The Grand Theft Auto V environment was configured specifically for the experiment so as to be
identical across conditions and participants. The settings chosen and corresponding justifications are detailed
in Table 1.

Setting Selected value Justification

To keep it constant across all participants and
experimental conditions

To enable the participants to orient themselves in
the environment thanks to the location of the

Time flow Frozen

Time schedule Eight o'clock in the

morning .
sun in the east
Weather Clear and sunny So that the directions of t'he sun's rays and of
shadows were always visible
Pede.stnan Low To make the environment vivid with limited risks
density of collisions between the participant and non-
Traffic density Low player characters
No go zones No
T To avoid any event involving the avatar and non-
Invincibility Yes . . .
player characters interrupting the experience
Wanted level Deactivated
Point of view First person
Field of view 85 'horlzontally, 23 To mimic human vision as closely as possible
vertically

Head-up display Hidden

Table 1: Settings used for the experiment and the values selected for the experiment.

2.5.2.Navigational assistants

The two groups of participants used one out of two voice navigational assistants. This protocol, based
on the “Wizard of Oz” technique, gave the navigational assistants the appearance of a fully functional
software for the participant, although the features were actually operated discreetly by the experimenter
(Salber & Coutaz, 1993).

A loudspeaker was wired to the experimenter's laptop, in order to broadcast instructions given by the
navigational assistant during the wayfinding task. Both assistants used the same synthetic female voice. For
both assistants, the formulations and pronunciations (vocabulary, grammar mode, diction) were based on the
instructions provided by common navigational aids (GPS, navigation apps). In particular, the instructions
given by the survey assistant were all based on the first vocal instruction given for a route by Google Maps,
which is the most widely used navigational mobile app according to the tech business magazine The
Manifest (Panko, 2018).

2.5.3.Navigation control
Navigation within the environment was controlled through the 3D Rudder platform. This is a podal
interface through which the participants control the moves of their avatar by rocking and pressing actions



while seated (Figure 4). This device was chosen to let the participants free of using their hands while
navigating. This was due to a condition in the larger study in which the participants had to perform a
secondary task with their hands during navigation. This other condition is not analyzed and reported in this

paper.

Figure 4: Setup for the navigation control.

The participant is seated and uses the 3D Rudder platform under their feet to move in the virtual environment. The
screen in front of the participant displays the environment from their viewpoint. Instructions from the navigational
assistant are given to the participant via the loudspeaker on the left.

The speed of the avatar in Grand Theft Auto V was set to a default running pace. Subsequently, the
speed was adjusted using the 3D Rudder settings. Each axis of movement (forward — backward, right — left)
was limited to 70% of its maximum value. The walking speed was thus capped at 1.69 m/s, to be similar to
the walking speed of NPCs in the virtual environment. Each axis of rotation of the platform (right — left, up —
down gaze orientation) was limited to 80% of its maximum value in order to appear not too slow for the
participant, without creating a substantial gap between the rotation speed and the walking speed, to avoid any
handling difficulty. In addition, inactive ranges at the beginning of each axis were set in the 3D Rudder
settings to avoid triggering accidental movements of the avatar: The two walking axes had an inactive range
of 15%, and the two gaze orientation axes had an inactive range of 40%. The sensitivity of all axes was set to
the default median value of the 3D Rudder software interface.

2.5.4.Usability and control questionnaires
The System Usability Scale (SUS) (Brooke, 1996) is a self-administered questionnaire that assesses,
for a given system, the perceived effectiveness, efficiency and user satisfaction with its use. It consists of 10
items in the form of five-point Likert scales and gives a score between 0 and 100 (Figure 5); seven ranks of
device usability are distinguished, ranging from the "worst imaginable" (score below 12.5) to the "best



imaginable" (score above 90.9) (Bangor et al., 2009; Brooke, 2013). Usability is considered "good" from a
score of 71.4.

e Worst Imaginable Poor OK Good Excellent Best Ima[?inable
Adjective: O I

\ | | | | | | | | | |
sus score: 0 10 20 30 40 50 60 70 80 90 100

Figure 5: The SUS scale of scores and corresponding ranks of usability (Bangor et al., 2009; Brooke, 2013).

The control questions consisted in an evaluation of the participant’s spatial skills and prior use of
Grand Theft Auto V. The questionnaire on spatial skills consisted in 16 Likert scales comprising three and
five-point items, and measured the use of survey and landmark representations as well as general orientation
in everyday life (Pazzaglia et al., 2000). The questions on the participant’s prior use of Grand Theft Auto V
were designed to assess their degree of mastery of the experimental material before taking the task. The
questionnaire comprised a first yes-no question about personal use the participant may have had of Grand
Theft Auto V prior to the experiment. If the participant reported having played Grand Theft Auto V, two
additional six-point Likert scales measured the participant's perceived knowledge of the game (from "no
knowledge" to "perfect knowledge") and the specific prior knowledge about the two experimental
neighborhoods (from "I couldn't find my way around at all" to "I found my way around perfectly").

2.6. Collected data
During the wayfinding task, the participant's screen and the 3D Rudder status window were
simultaneously recorded on video files using Open Broadcaster Software (Figure 6). The purpose of
recording the 3D Rudder status window was to allow accurate analysis of the videos by confirming the
participant's movement.

MODE REALISATEUR

Time: 17:04:42:394

Figure 6: Screen recorded during the experiment.
The left part shows the participant's screen. The other elements are only visible to the experimenter: The upper right part
is the 3D Rudder movement display window. At the bottom right, the time is recorded.

Two videos, one for each neighborhood, were recorded for each participant. Ninety-two videos (15
hours) were thus collected for the sample of 46 participants. The questionnaires were completed by all the 46
participants.

2.7. Analyses
Wayfinding performance was measured by coding the video recordings, using the Behavioral
Observation Research Interactive Software (BORIS) (Friard & Gamba, 2016). Three concepts were defined
for these measurements: “Mistakes”, “visual explorations” and “stops”. A “mistake” in the wayfinding task



refers to an event during which the participant moves outside of the path indicated by the navigational
assistant, thus making a detour. A “visual exploration” designates a moment during which the participant
makes head movements from top to bottom or from right to left. A “stop” refers to a moment during which
the participant remains motionless. A stop was recorded as soon as the participant did not push the platform
in any direction. The coding was therefore carried out by counting the numbers of mistakes, visual
explorations and stops.

In addition, the mean inter-event time intervals between two visual explorations and two stops were
measured for each participant. The inter-event time intervals represented the frequency of occurrence of the
related behavior. As the total duration of the completion of the trips differed according to the participants, the
frequency of occurrence of an event was not related to the number of occurrences of this event. The
frequencies of visual explorations and stops were therefore analyzed as separate dependent variables.

Multiple analysis of variances (MANOVA) and analysis of variance (ANOVA) were performed on all
data. All distributions met the normality assumption of the analyses, as verified by the Kolmogorov-Smirnov
test. The homoscedasticity assumption was not met for three distributions. However, ANOVAs and
MANOVAs are robust against violations of homoscedasticity (Allen & Bennett, 2007; Box, 1953). We
therefore chose, as recommended by Box (1953), to perform these robust parametric tests rather than their
less robust, non-parametric alternatives.

3. Results
3.1. Wayfinding performance

A MANOVA on the data collected in both experimental conditions of the wayfinding task was carried
out on the following dependent variables: Number of mistakes, number of visual explorations and inter-event
time intervals (in seconds) between two visual explorations, number of complete stops and inter-event time
intervals (in seconds) between two stops. The analysis indicates a main effect of the navigational assistant
conditions (Pillai’s trace = .33, F(3.95), p < .01, np? = .33). Further univariate analyses applying the
Benjamini-Hochberg multiple comparison correction with a false discovery rate of .05 indicate an effect
across all variables (Benjamini & Hochberg, 1995).

Participants made fewer mistakes with the landmark assistant than with the survey assistant.

Participants also made fewer visual explorations with the landmark assistant than with the survey
assistant, and less frequently with the landmark assistant than with the survey assistant.

Finally, participants made fewer stops with the landmark assistant than with the survey assistant, and
less frequently with the landmark assistant than with the survey assistant. These results are detailed in Table
2.

Landmar df Significance
k Survey (Residua and effect
Variable assistant assistant Is) F size
. M = 3.96 M = 8.41 1 *
Mistakes SD=3.85 SD=7.63 (44) 6.40 N2 = .13
. . M = 25.5 M = 36.0 1 Hofok
Visual explorations SD =85 SD = 10.3 (44) 14.60 N2 = .25
Visual explorations M =388
inter—evegt time > M=306s 1 8.91 -
. SDb=11.3 SD=6.3s (44) ' nz=.17
interval S
M = 16.2 M =255 1 Fotok
Stops SD=593 SD=10.7 (44) 13.64 = 24
M = 68.4
Stops inter-event time s M =545s 1 8.26 ok
interval SD=18.6 SD=13.4s (44) ' nz=.16

S



Table 2: Means and standard deviations of the wayfinding performance variables collected in the landmark
assistant condition and the survey assistant condition together with the results of the MANOVA.
Statistically significant p-values are flagged (* p <.05, ** p <.01, *** p <.001).

3.2. User experience: Usability of the navigational assistants
An ANOVA on the SUS scores in both experimental conditions indicated a main effect of the
navigational assistant (F(1, 44) = 10.2, p <.01, n2 = .19). Participants assessed the usability of the landmark
assistant as better than that of the survey assistant. The results are detailed in Table 3.

Survey df
Landmark assistan (Residua Significance
Variable assistant t Is) F and effect size
M =57.6
M = 75.5 1 Hok
SUS score SD = 16.0 5?8— (44) 10.2 2 = .19

Table 3: Results of the univariate analyses of the ANOVA on the SUS scores.
Statistically significant p-values are flagged (* p <.05, ** p <.01, *** p <.001).

3.3. Control questions: Prior knowledge of Grand Theft Auto V and spatial skills evaluation

An ANOVA on the answers to the control questions about personal use and prior knowledge of Grand

Theft Auto V (map and general knowledge about the game) did not indicate a difference between the groups.

An additional correlational analysis between the answers to these questions and observed behaviors during

the tasks indicated no correlation between prior knowledge and use of the game and performance on all

variables (mistakes, stops and visual explorations). An ANOVA on the scores obtained in the questionnaire
on spatial skills did not indicate a difference between the groups.

4. Discussion

This study aimed primarily to test the induced performance and perceived usability of a landmark-
based wayfinding aid. By doing so, we also wanted to operate and subsequently assess a video game-based
methodology that could represent a starting point for studies in spatial navigation. We used performance
measurements on video data, as well as a usability questionnaire, to identify how navigational aids shaped
spatial navigation in the virtual environment of Grand Theft Auto V and what type of navigational assistant
would be judged the most usable. Our analyses on the data collected highlight the benefits of the landmark-
based aid in wayfinding. As these results provide converging evidence with the literature on wayfinding, they
also emphasize the satisfactory methodological qualities of a video game-based methodology.

4.1. Wayfinding performance: Widespread positive effect of the landmark assistant on
effectiveness and efficiency of the trip

Two navigational assistants were compared in this study. One represented an aid whose principles
were based on the literature on the use of landmarks in wayfinding. The second was a survey-based aid
similar to the most commonly-used aids available to the general public. Based on video data of the trips
completed by the participants, we conducted analyses on three observable behaviors: Making a mistake,
visually exploring the environment and stopping completely. For these three observable behaviors, several
differences were observed between participants using these two navigational assistants.

Firstly, regarding the effectiveness of the trip, participants using the landmark assistant made fewer
mistakes than participants using the survey assistant. This result provides further evidence that the provision
of landmark information can ease wayfinding (Denis, 1997; Denis et al., 2007, 2014). Our result therefore
suggests that when aiming at increasing the effectiveness of wayfinding by decreasing the number of
mistakes an individual can make while following directions, a navigational aid should consider landmark-
based directions.

A second point deals with the efficiency of the trip. While making a mistake and taking the wrong
direction are an obstacle to reaching a destination, the notion of wayfinding relies heavily on decision-



making and orientation, which take place throughout the journey (Montello, 2017; Vandenberg, 2016). A
wayfinding difficulty can therefore arise not only as a mistake, but also as a lack of efficiency in the
completion of the journey. As it turns out, participants who used the survey assistant had to make more visual
explorations of their surroundings, as well as more stops, than participants using the landmark assistant.
They also had to perform stops and visual explorations more frequently, resulting in a more hesitant and
intermittent trip. These hesitations could be explained by a difficulty in decision making and orientation
(Vandenberg, 2016). Our results therefore suggest that this landmark-based wayfinding aid favors these key
wayfinding components, as participants need to stop or to look around less while attempting to reach their
destination.

Our results substantiate the literature on wayfinding, which emphasizes the use of landmark-based
representations as the most cognitively useful for wayfinding purposes. Importantly, as the survey assistant
was based on actual instructions given by the most commonly-used navigational aids, our results provide
empirical evidence that aids based on survey representations are not optimal and that users of such aids can
be outperformed by users of a landmark-based navigational aid when it comes to life-like wayfinding
situations.

4.2. Usability: A clear preference for the landmark assistant

While objectively-measured effectiveness and efficiency on a given task indeed play a part in the
experience a user will have of any device, subjective evaluations of these parameters as well as satisfaction
measure the actual usability of such device (Brooke, 2013). As Brooke (2013) stated, there is indeed a
possibility that a system allows its users to effectively complete their tasks, but at the expense of much time
and effort that lead to it being unused. The usability of both navigational assistants was therefore assessed in
order to deepen the analysis of their effect on overall user experience. Our results indicate that participants
from both groups evaluated the usability of the navigational assistant they were given differently: The
landmark assistant was judged as “good” in average, highlighting a high acceptability of this aid, while the
survey assistant was evaluated only as “OK”, suggesting low acceptability.

These results complete those on performance, as they show that not only does a landmark-based aid
objectively increase wayfinding effectiveness and efficiency, but also that it is subjectively evaluated as more
efficient, more effective and more satisfactory than a survey-based aid. A possible explanation for this
satisfaction with the landmark assistant could lie in the fact that this aid closely resembles the way actual
people give directions in real life (Denis et al., 2007), therefore making the interaction with the device more
natural.

4.3. Interest and methodological qualities of a video game-based methodology

To our knowledge, this study is one of the first that makes use of a commercially available video game
to implement life-like wayfinding tasks. Our results provide evidence on several methodological interests of
the use of a video game as a research tool, including wvalidity, fidelity, transparency, replicability and
controllability.

Firstly, the virtual environment of the video game achieves experimental validity. The positive effects
of a landmark-based navigational assistant on wayfinding performance, expected to occur in real-world
conditions (Denis et al., 2007), indeed take place in the game. This result therefore suggests the
psychological fidelity of the video game, as it triggers life-like behavioral responses (Leplat, 1997). This
psychological fidelity is favored thanks to the fact that Grand Theft Auto V comes with a high degree of
physical and spatial fidelity to the real world. Further studies should investigate this aspect in greater depth
by comparing task performance in real and video game environments, in order to assess not only the
detection of an effect in the two settings, but also to compare the associated effect sizes in the two
conditions.

Moreover, the virtual environment provided by the video game enabled us to provide a transparent
description of its use, allowing for replication of the task in the same settings. Unlike studies on spatial
navigation that used modified video game frameworks to build new environments (e.g. Ledoux et al., 2014),



the present study uses the actual virtual environment of Grand Theft Auto V. Only one environmental
element was modified in-game, as the names of a few shops consisting in French puns were masked by
placing objects before them in order to avoid a cognitive saliency effect. The exact virtual environment used
in this study can therefore be observed and walked through by any user of Grand Theft Auto V.

Finally, the controllability of the video game allowed us to operate the wayfinding task by setting all
the useful environmental parameters. Thus, elements relevant to the task itself, whether related to the
environment (e.g. time of day, weather) or to the visual display (e.g. point of view, head-up display) were
adaptable from the game interface. It is worth highlighting that apart from the modification of the walking
speed carried out from the 3D Rudder platform, all the desired settings were implemented in this study
thanks to the actual features provided by the video game. No additional laboratory-made customization had
to be implemented, thus substantially reducing the burden usually associated with the development of virtual
environments.

4.4. Conclusion

This study aimed at assessing the usability and performance induced by a landmark-based navigational
aid. By doing so in the virtual environment of a widely available video game, Grand Theft Auto V, we
wanted to explore the interest and the feasibility of a video-game based methodology for a study on spatial
navigation. Our results provide converging evidence with the literature that a landmark-based aid allows for
better wayfinding performance as well as better usability than survey-based aids. Our video game-based
methodology allowed us to put forward several arguments towards the use of such experimental tools for
future research.

Some limitations should however be noted. While the survey assistant was based on the most
commonly-found navigational aids, it relied only on vocal features in this study. Most current navigational
aids indeed offer vocal features that closely resemble the instructions we used in this study; however, they
often provide an additional bird’s-eye view map that can be looked at simultaneously. Yet, while the
simultaneous use of these two types of information can indeed ease the understanding of the given directions,
they both consist in survey representations. Our study aimed at evaluating the perceived usability and
performance induced by a prototypal aid based on landmark representations, therefore using a simpler, vocal-
only assistant. Further studies should therefore explore the usability of such a landmark-based aid with a
visual interface incorporating landmarks, in order to compare this solution with actual existing aids.
Furthermore, while Grand Theft Auto V provides a true-to-life virtual environment, its virtual city of Los
Santos is based on North American urban environments. While we used two neighborhoods resembling
European urban settings, some differences might exist between these areas and the actual French cities our
participants walk through daily. Further studies should pursue this question further in order to confirm the
usability of a video game-based methodology for international audiences.

Considering its qualities, this video game-based approach nevertheless represents a low-cost turnkey
solution to studies on spatial navigation, overcoming common barriers associated with the development of
large and vivid environments, as well as possessing substantial methodological qualities.

5. License agreement statement

Take-Two Interactive Software, Inc. is the worldwide owner of all intellectual property rights in the
Grand Theft Auto video game series, including without limitation all copyrights, trademarks, and trade dress
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licensed by Take-Two Interactive Software, Inc.
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