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Abstract
It is well documented that elderly people often have difficulties in finding their
way in unfamiliar environments. In this study, we aimed to explore the usage of
colour as visuospatial navigation tool for elderly people by testing in a virtually
simulated polyclinic environment. We compared neutral, warm and cool coloured
experiment settings to find out the effect of different colours on elderly people's
visuospatial navigation performances. We conducted our experiment with 90 partic-
ipants in two phases, each with a specific task (Route Replication and Picture Clas-
sification). The findings showed that neutral coloured setting affected participants'
visuospatial navigation performances negatively compared to warm and cool
coloured settings. However, there was no significant performance difference
between warm and cool coloured environments. In addition to that, when they were
asked to reach to the destination point, male participants spent shorter time, did
fewer wrong turns, experienced fewer hesitations and traveled shorter distances
compared to female participants. Currently, due to the increase in the elderly popu-
lation, designing well-functioning interior spaces for the elderly has become a more
pressing matter. We believe that the findings of this study will provide important
clues for both interior designers and environmental psychologists.
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1 | INTRODUCTION

Social, economic, scientific, technological and health care
related developments have caused populations to live longer
and as a result, the number of elderly people has been
increasing. United Nations data from 2017 show that: “The
global share of older persons (aged 60 years and over)
increased from 9.2% in 1990 to 12.7% in 2017 and will con-
tinue to grow, reaching 21.3% by 2050.”.1 It is up to the
governments worldwide to implement legislations to meet
the specialized needs of the elderly population in the fields
of health care, social protection, housing and employment.1

Especially, health care is a government service used more
frequently by the elderly population. Health care environ-
ments are infamous for being cold and large buildings with
complex interiors and the use of a poor colour scheme.

Because of these reasons, designing interiors suited for the
contemporary needs of the elderly people have become a
more important issue.

Elderly people have significant difficulties in the areas
of memorizing maps, navigating, route learning, map learn-
ing and place learning due to cognitive decline issues such
as changes in learning abilities, short-term memory, atten-
tion and response times.2–12. Elderly people require more
support than the younger-aged people for navigating by
themselves, specifically in an unfamiliar environment. This
can be explained by changes in the brain areas that support
cognitive mapping being partially responsible for the
decline in wayfinding ability that is seen in aging.13 For the
elderly people with limited cognitive and physical abilities,
navigational aids are important elements to improve
wayfinding.
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Wayfinding is the “consistent use and organization of
sensory cues from the external environment in order to reach
a desired destination.”14 It is also a spatial problem solving
activity comprised of three interrelated hierarchical pro-
cesses: decision making (development of a plan of action),
decision execution (transforming the plan into appropriate
behavior at the right time and place) and information proces-
sing (comprised of environmental perception and cognition,
which are the information basis of the two decision-related
processes).15–20

Cognitive map is “an overall mental image or representa-
tion of the spaces and the layout of a setting” and cognitive
mapping is “the mental structuring process leading to the
creation of a cognitive map.”. Cognitive mapping is a part of
environmental perception where cognition is the source of
information to make and execute a decision.16 Cognitive
maps are developed to facilitate wayfinding tasks containing
spatial knowledge and navigation plans, in order to be used
to solve spatial problems such as wayfinding and naviga-
tion.14,16,21,22 Wayfinders generally commence by either
directly perceiving the environment or working from a cog-
nitive map, generated by the integration of the three spatial
knowledge levels: landmark, procedure,and survey.23

Navigation is the coordinated and goal-directed form of
movement through the environment, which involves two
components; wayfinding – planning and decision-making
coordinated to the distal as well as local surrounds – and
locomotion/travel – body movement coordinated to the local
surrounds.24,25 The first constituent of navigation is way-
finding that refers to the “cognitive coordination to the dis-
tant environment, beyond direct sensorimotor access, and
includes activities such as trip planning and route choice.”.
The route is constructed with the perceptual knowledge of
given environment by the use of visual cues as well as navi-
gational aids. Locomotion/travel, the actual motion from the
current location to the new location, changing the position of
the viewpoint, can be referred as: “the perceptual-motor
coordination to the local surrounds, and includes activities
such as moving towards visible targets and avoiding obsta-
cles.”26,27 The visual and structural characteristics of envi-
ronments make it either easier or harder to perform various
navigation tasks.28

The efficiency of wayfinding systems can be increased
by using appropriate environmental design elements such as
layout, landmarks and signage. The use of colour is also a
valuable tool for navigation to overcome the difficulties of
navigating in unfamiliar environments by helping a person
develop a mental map of the indoor environment.29,30 Navi-
gational cues can be verbal, graphic, architectural and spatial
forms, and are available in both real and virtual environ-
ments (VEs).31 Previous research showed that in participant
groups from all ages (including children, adults and elderly
people), colour improves users' wayfinding and cognitive
mapping performances.29,32–36 It was found that colourful

familiar cues improved place learning in older adults, as
opposed to black and white abstract cues.32 It was also
explored that the usage of focal colours improved route
learning of children compared to non-focal coloured in a vir-
tual maze.33 It is also reported that warm colours and bright
accents were used to facilitate wayfinding and spatial orien-
tation in the classrooms of 101 child care centers in Ala-
bama.36 Colour was, therefore, concluded to have potential
in enhancing the orientation of the users. In another study
among university students, warm and cool coloured settings
were perceived clearer, more attractive, navigable, and invit-
ing in terms of space perception compared to neutral
coloured setting. Moreover, remembrance performance
turned out to be higher in the warm coloured setting.35 The
effect of coloured landmarks on children's route learning
ability was also studied, comparing two different sequenced
colour settings and one gray setting. There was no signifi-
cant difference found between the two different coloured set-
tings, however, the route learning performance was inferior
in the gray setting compared to coloured settings.34

1.1 | Function of colour in visuospatial navigation

Designers need to provide recognizable cues (signs, colours,
etc.) for people to improve navigation within spaces. This
can be seen in studies where participants were directed to
search, they have shown a better understanding of an
environment because they had better comprehension of the
entire environment. When a person is more familiar with a
setting, they are able to learn more about its overall
configuration.37–39 The layout and shape of the interiors may
affect wayfinding and an easier wayfinding may increase the
functionality as well as satisfy qualities of a space. To ease
wayfinding, designers should plan the layouts of spaces and
shape interiors so that they relate to major circulation access
in a consistent way. Use of colour to enhance visuospatial
abilities and the emphasis of a place is very important in the
built environment. Areas without colour resulted in poorer
wayfinding performances and were inferior at pointing visi-
tors to designated locations in buildings. Such non-coloured
areas also caused difficulty for visitors who had to associate
the environment they experienced with a two-dimensional
representation.40

The interior layouts of hospitals are infamous for resem-
bling labyrinths. Since hospitals are large buildings with
complex interiors, it is quite difficult to navigate in them.41

Major aspects of wayfinding include degree of differentia-
tion, visual access, signs and architectural legibility.42,43

These major aspects can be emphasized by the use of colour
in architecture, where distinct colours can be used for land-
marks aside from graphics, signage, and other visual cues to
improve wayfinding. As colour was found to be a more use-
ful aid than form, especially for special demographics such
as elderly people or patients of dementia, colour-dominance
is preferred over form-dominance. Differentiating colour on
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accent walls is a useful way to create a degree of differentia-
tion in a monochromatic environment.44–47

Elderly people's abilities to distinguish unsaturated col-
ours deteriorated gradually especially for cool hues, there-
fore, providing high levels of contrast for elderly people is
crucial to enhance visual function.48,49 Elderly people can
distinguish among highly saturated colours at the warm end
of the spectrum and are less able to determine pastel blues
on the cool side. The most difficult to see colours were noted
as blue and purple among elderly people.

1.2 | Virtual reality in spatial cognition research

Virtual environments (VE), which allow the simulation of
three-dimensional environments on a computer, are increas-
ingly used methods for spatial cognition studies.33,50–65 VEs
are now able to approximate closely the real world condi-
tions due to the advancements in computer graphics.66

Although in the real world, it is difficult to control all the
variables at once, and in some cases it is quite impossible, in
a typical VE it is very easy to do such changes.

Virtual Reality (VR) is a collection of technologies for
generating a human-computer interface that allows people to
interact efficiently with, become immersed in, and to feel the
presence in computerized 3D environments, while using
their natural senses and motor skills in real time.67. VR is a
very useful concept to researchers who are studying the spa-
tial abilities, wayfinding and cognitive mapping.68–70 The
concepts of presence, involvement, immersion and interac-
tion are crucial to understand the physical and psychological
experience of users in VR.71 Among all of those four con-
cepts, presence is the most essential one because presence is
“a subjective concept associated with psychological aspects
of the user relationship to the sense of being in the VE.”.71

Presence also refers to experiencing the VE without being
aware of one's own actual physical existence.71 Involvement
and immersion are presented as required conditions for
experiencing presence. Involvement is “the psychological
state experienced as result of focusing one's energy and
attention on a coherent set of stimuli or meaningfully related
activities and events” and immersion is “the psychological
state characterized by perceiving oneself to be enveloped by,
included in, and interacting with an environment that pro-
vides a continuous stream of stimuli.”.72 Moreover, the
immersion provided by a VE is directly related to the isola-
tion from the real world and the quality of interaction
involved within tasks and the environment in the VR
system.71

Previous research indicates that using VEs in spatial
cognition-related studies is very beneficial compared to the
usage of real environments, because it creates a more con-
trollable environment which is easy to change by the control-
ler. This flexibility is one of the main advantages of VR.67

VR is also a very valuable tool for researchers to monitor
and record the behaviors that affect participants in terms of

improving spatial knowledge.58 Almost any environment
can be modeled and simulated in VR, which gives
researchers a chance to measure the efficiency of navigation
performance of the participants while they can operate in
an independent way.55 Furthermore, in a well-designed VE,
participants can acquire knowledge of directions and
distances,73,74 develop route and survey knowledge75,76 and
navigate effectively.77–80

The kind of immersion is based on the physical configu-
ration of a VR user interface. There are three listed configu-
rations: non-immersive (desktop-based VR), semi-immersive
(such as CAVE Projection Screens), and fully-immersive
(using a head-mounted display). Cave Automatic Virtual
Environment (CAVE) is defined as a VE setting created
through the combination of screens or projections upon a
closed box to simulate an environment. In general, there are
at least four screens covering the sides of the user's body in
order to immerse the user into the VE. A head-mounted dis-
play (HMD) is a display worn on the head of the user to sim-
ulate a larger level of immersion for the user within the VE
through the lenses that create the VE right in front of the
user's eye sight. It has been stated that the physical level of
immersion is dependent on how much the user can perceive
the real world. It is clarified that the classification of immer-
sion in VR increases as the perception (see, hear, touch) of
the real world decreases.71

Currently, the most developed VR technology is the
HMD system which is a fully immersive VR system where
nothing intrudes the user's visual field except a scene in the
simulated environment. A standard HMD system has two
miniature displays and an optical system which projects the
images from the screens to the eyes, thus presenting a stereo
view of the virtual world.67 The position and orientation of
the users' head is continuously measured by an integrated
motion tracker. It allows the image generating computer to
adjust the representation of the scene from the VE to the cur-
rent view. Therefore, while the user walks and looks around
the VE freely, the point of view changes constantly and the
user is presented with a real-world-like experience of observ-
ing and interacting with the environment. The main advan-
tage of the HMD system is the high sense of realism and
presence that participants experience. The immersion level is
also high, thus naming it as a fully immersive VR, where the
user is isolated completely from the real world.81 Another
advantage of the HMD system is the greater sense of depth
it provides to the users with the fully immersive 3D
graphics.

1.3 | The scope of the study

Previous studies showed that the aid of visual cues on spatial
perception and wayfinding is important. However, it is still
unclear how the colour scheme of an environment affects the
visuospatial navigation performances of elderly people and
if it is possible to create easier to navigate indoors for elderly
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people by using specific colour schemes. The aim of our
study is to fill in the gap in literature regarding the effects of
colour on visuospatial navigation of elderly people in a vir-
tually simulated polyclinic environment (see Figure 1).

The null hypotheses of this study are:

i. There is no significant effect of colour on visuospatial
navigation in elderly people.

ii. Visuospatial navigation performance of elderly people is
independent from their gender.

2 | METHOD

2.1 | Participants

The randomly selected participant group consisted of 90 vol-
unteers (m = 70.43, std. dev. =4.399, n = 90), balanced as
to gender; 45 females (m = 70.49, std. dev. =4.324, n = 45)
and 45 males (m = 70.36, std. dev. =4.422, n = 45) to
explore gender differences in the aid of colour on visuospatial
navigation. The ages of the elder participant group varied
between 65 and 80. We conducted the experiment with three
different participant groups of 15 females and 15 males each,
for the neutral, warm and cool coloured experiment settings.

2.2 | Instruments

In order to eliminate those results in visuospatial navigation
performance that may be determined by cognitive and func-
tional impairments, spatial skills and depressive symptoms,
several cognitive tests indicated below were conducted.
Before the cognitive tests, a questionnaire asking the infor-
mation on education level, handedness and visual impair-
ment was answered by all participants. Participants selected
and admitted to the next steps of the study were chosen from
right handed, educated participants with at least 12 years of
education and no severe visual impairment.

2.2.1 | Ishihara's tests for colour-blindness

The participants were tested for colour vision deficiencies by
using Ishihara's Tests for Colour-Blindness.82 None of the
participants were found to have colour vision deficiencies.
Participants who use spectacles had the experiment by wear-
ing the HMD on top of their glasses. Additionally, volun-
teers who reported having any severe visual difficulties were
not admitted to the experiment.

2.2.2 | Montreal Cognitive Assessment

Montreal Cognitive Assesment (MoCA) is a simple but
promising tool for evaluating mild cognitive impairment and
early Alzheimer's disease.83,84 The MoCA assesses several
cognitive domains. The short-term memory recall task
(5 points) involves two learning trials of five nouns and
delayed recall after approximately 5 min. Visuospatial abili-
ties are assessed using a clock-drawing task (3 points) and a
three-dimensional cube copy (1 point). Multiple aspects of
executive functions are assessed using an alternation task
adapted from the trail-making B task (1 point), a phonemic
fluency task (1 point), and a two-item verbal abstraction task
(2 points). Attention, concentration and working memory are
evaluated using a sustained attention task (target detection
using tapping; 1 point), a serial subtraction task (3 points),
and digits forward and backward (1 point each). Language is
assessed using a three-item confrontation naming task with
low-familiarity animals (lion, camel, rhinoceros; 3 points),
repetition of two syntactically complex sentences (2 points),
and the aforementioned fluency task. Finally, orientation to
time and place is evaluated (6 points).

The MoCA is initially designed for North American pop-
ulation; therefore, the cut-off score is indicated as 26. The
test was later modified specifically for Turkish population
and the cut-off score is indicated as 21.84 In our experiment,
the volunteers, who had less than 21 points from Turkish
version of MoCA were not admitted to participate.

FIGURE 1 Scope of the study
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2.2.3 | Geriatric depression scale

It is known that depression affects physical, cognitive, func-
tional and social impairment negatively, for this reason we
conducted Geriatric Depression Scale to the participants.
The Geriatric Depression Scale (GDS), is one of the most
commonly used self-rated depression scales used on elderly
people.85 The GDS is a 15-item questionnaire in which par-
ticipants are asked to respond by answering yes or no in ref-
erence to how they felt over the past week. It consists of the
15 items, 10 indicate the presence of depression when
answered positively, while the rest (question numbers 1, 5,
7, 11, 13) indicate depression when answered negatively.

Validity and reliability studies of GDS for Turkish popu-
lation are investigated and the cut-off scores are indicated as
0–4 are considered normal, depending on age, education and
complaints; 5–8 indicate mild depression; 9–11 indicate
moderate depression; and 12–15 indicate severe depression.
The participants who had scores in between 0 and 4 were
included to the experiment.86

2.2.4 | Functional Activities Questionnaire

The Functional Activities Questionnaire (FAQ) measures
instrumental activities of daily living (IADLs), such as pre-
paring meals and managing personal finances. The FAQ has
10 items concerned with performing daily tasks necessary
for independent living. For each of the 10 activity, four
levels ranging from dependence (scored 0) to independence
(scored 3) are specified. The total score is the sum of indi-
vidual item scores; higher scores reflect greater dependency.
Sum scores range from 0 to 30.

In the original version of FAQ, cut-off point of 9 (depen-
dent in 3 or more activities) was recommended to indicate
impaired function and possible cognitive impairment.87 Sim-
ilar to MoCA, FAQ is also standardized and adopted for
Turkish population and the cut-off score is indicated as
5 (dependent in 2 or more activities) for ages of 50–69 and
9 (dependent in 3 or more activities) for ages of 70 and
more, to determine impaired function and possible cognitive

impairment.88 It is also indicated that the scores of FAQ
increase when the age grows and education level decreases.
The volunteers who cannot achieve the stated cut-off scores
were not admitted to the experiment.88

2.2.5 | Judgment of Line Orientation test

The Judgment of Line Orientation (JLO) is a widely used
test that measures a person's ability to match the angle and
orientation of lines in space. Two partial line segments are
presented together on one page, and the participant is asked
to match the orientation of these segments to those on a mul-
tiple choice response card. The response options are made
up of 11 full lines, all 18� apart from one another, arranged
in a semi-circle. The standardization study of JLO test is
completed for Turkish population in 2004 and indicated the
normative interval for 55–73 ages is in between 20 and 26.
Therefore, the participants achieved the scores in between
20 and 26 included in the experiment.89

2.3 | Experimental settings

The hospitals in Turkey are generally either gray or beige,
basically in neutral colour scheme. In addition to the maze-
like structure of hospitals, this lack of colour usage makes
orientation impossible for the unfamiliar visitors. For this
study, to find out the positive effect of colour, the control
setting is designed in neutral colour scheme (Figure 2) and
to compare the effects of different colours, warm (Figure 3)
and cool (Figure 4) colour settings were generated. We
selected four different colours for each colour setting; the
first colour was for the specific walls behind nurse stations,
the second one was for the information desk, the third one
was for the furniture in the waiting areas, and the fourth one
was for other walls. The three-dimensional modeling of the
generic hospital is created by using “Sketch Up.” Once the
virtual hospital environment is generated, the model is
imported in to “Iris VR,” which is an extension to make the
VEs viewable and navigable with HTC Vive HMD.

FIGURE 2 Neutral experimental settings
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The virtual experiment was placed on a polyclinic floor
of a large-scale hospital. Providing an appropriate route
representing a patient's real hospital experience was impor-
tant for this study (Figure 5). As a typical route for any visi-
tor, starting from the entrance to the selected examination
room in a polyclinic floor of a hospital was simulated. Each
participant was told: “Watch the route, written below, in a
polyclinic prepared by computer environment. After learning
the route, please wear the HMD and replicate the same
route..”

2.4 | Procedure

The experiment consisted of three different phases.

2.4.1 | Route replication task

Once the participant stood in front of the computer screen
and the three steps of the route replication task started:

Step 1 – Training: HTC Vive HMD was used for the
study. This particular HMD has an OLED display with a res-
olution of 2160×1200. The refresh rate of the projected
visual is 90 Hz, and provides 110� of field of view (FOV)

which is very close to the human eye. Each participant wore
the HTC Vive HMD and was trained to navigate in a special
route prepared for training, to allow the participants to be
familiarized with virtual navigation via HMD and the
controller use.

Step 2 – Learning the route: Participants watched the
video from a desktop computer, showing the route starting
from the entrance, going through the cardiology department,
ending at the examination room 3.

Step 3 – Navigating: After learning the route in Step
2, the participants wore an HTC Vive HMD and used a con-
troller to move in the VE simulation (see Figure 6). Partici-
pants had to recall and replicate the learned route for the
route replication task. Thus, every movement in the VE and
the following four scores were noted during this task:
(a) the time spent, (b) the number of wrong turns (when the
participant navigates out of the route at a decision point, it
is accepted as a “wrong turn”), (c) the number of experi-
enced hesitations (when participants stopped and turned
their heads in two different directions before starting to
walk again), (d) the distance traveled during the navigation
(a participant's movement through the VR environment was

FIGURE 3 Warm experimental settings

FIGURE 4 Cool experimental settings
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recorded using screen-capturing software that enabled us to
replay the route taken by the participant, if needed).

2.4.2 | Picture classification test

This task evaluates the participants' route learning and per-
formance of developing a cognitive map. It is known to be
well performed when participants have developed clear route
knowledge of the performed path. Participants were asked to
sort a series of pictures taken along the route into a chrono-
logical order. The time of completion and sequence scores
were measured. The score was a sequence score: 1 point was
given if the photo position corresponds to the correct posi-
tion in the overall sequence and half of a point is given if the
position is incorrect but near a picture that immediately fol-
lows with respect to the chronological order. Zero point was
for total misplacement. If all 11 pictures are ordered cor-
rectly, the maximum score was 11.

2.4.3 | Presence questionnaire

Presence is defined as the subjective experience of being in
one place or environment, even when the observer is physi-
cally situated in another. The assessment of sense of presence
was important because the participants had to feel present in
order to orient themselves in virtual reality. The effectiveness
of VEs has often been linked to the sense of presence
reported by users of those VEs. After navigating in the VE,
the participants rated their level of presence in the VE by
answering the questions in the “Presence Questionnaire.”72

3 | FINDINGS

The effects of colour on visuospatial navigation were evalu-
ated and analyzed by using the results from: Route Replica-
tion and Picture Classification tasks.

3×2 Factorial MANOVA Test indicated that there was a
statistically significant difference in visuospatial navigation
performances of elderly peoples based on the colour of envi-
ronmental cues (F [12, 158] = 6.105, P < .0005; Wilk's
Λ = 0.467, partial η2 = 0.317). The Post Hoc Tests pointed
out that Setting 1 (neutral coloured environment) showed a
significant difference when compared to Setting 2 (warm)
and Setting 3 (cool). The findings showed that neutral
coloured VE affected the visuospatial navigation perfor-
mances of the participants negatively compared to warm and
cool coloured environments. However, there was no statisti-
cally significant difference between warm and cool coloured
environments.

In addition to that, statistical difference in visuospatial
navigation performance was found in terms of both route
replication and picture classification tasks, based on gender
(F (6, 80) = 4.595, P < .0005; Wilk's Λ = 0.741, partial
η2 = 0.259). The findings showed that males spent shorter
time, did fewer wrong turns, experienced fewer hesitations
and traveled shorter distances compared to females while
trying to reach their destination. Besides, males sequenced
pictures more accurately and faster than females.

3.1 | Route replication task

3.1.1 | The time spent

The time spent in finding the end point for the three partici-
pant groups (the three experiment settings of Setting 1 (neu-
tral), Setting 2 (warm) and Setting 3 (cool) were assessed by
comparing the duration of the route replication task
(M = 118.77, SD = 37.589, N = 90). Because of the differ-
ences between three settings, exploring within females' and
males' groups, 3×2 Factorial MANOVA was used. The main
effect for colour yielded an F ratio of F(2, 85)=28.9,
P < .001, indicating a significant difference between neutral
(M = 150.33, SD = 41.52), warm (M = 100.53, SD =
20.46) and cool coloured settings (M = 105.43, SD =
25.18). The bar chart in Figure 7 indicates that, there is a

FIGURE 5 Partial plan of the polyclinic showing the route (55 meters)

FIGURE 6 Route replication task

878 SÜZER AND OLGUNTÜRK



significant difference of time spent between neutral and the
other two coloured settings. However, there is not any sig-
nificant difference between the warm and cool coloured set-
tings found in terms of time spent in route replication task.

Besides, the main effect for gender on the time spent
during finding the end point yielded an F ratio of F (, 85)
=18.565, P < .05, indicating a significant difference
between females (M = 131.47, SD = 40.347) and males
(M = 106.07, SD = 30.005). As it is illustrated at the bar
chart, females spent more time on route replication task
compared to males (see Figure 7).

3.1.2 | The number of wrong turns

The main effect of colour on the number of wrong turns dur-
ing finding the final destination yielded an F ratio of F
(2, 85)=27.09, P < .001 (M = 0.33, SD = 0.581, N = 90),
indicating a significant difference between neutral
(M = 0.83, SD = 0.699), warm (M = 0.07, SD = 0.254)
and cool coloured settings (M = 0.10, SD = 0.305). As evi-
dent in Table 1, Setting 1 (neutral coloured VE) had the
most number of participants taking wrong turns compared to
Setting 2 (warm coloured VE) and Setting 3 (cool coloured
VE). The main effect for gender on the number of wrong
turns during finding the end point yielded an F ratio of F
(1, 85) =5.344, P < .05, indicating a significant difference
between females (M = 0.44, SD = 0.659) and males
(M = 0.22, SD = 0.471).

First, the total number of errors in finding the final desti-
nation was assessed on the Kruskal-Wallis one-way analysis
of variance test (m = 0.67, std. dev. 0.83, n = 90)
(Figure 6). The total number of errors means 30 participants'
total number of errors for each setting in finding the final
destination. The Kruskal-Wallis test indicated that the main
effect of CCT on the total number of errors was not statisti-
cally significant (χ2 = 0.08, df = 2, P = .96). The

proportion of variability in the ranked dependent variable
(number of errors) accounted for by the CCT variable was
0.00. First, the total number of errors in finding the final des-
tination was assessed on the Kruskal-Wallis one-way analy-
sis of variance test (m = 0.67, std. dev. 0.83, n = 90)
(Figure 6). The total number of errors means 30 participants'
total number of errors for each setting in finding the final
destination. The Kruskal-Wallis test indicated that the main
effect of CCT on the total number of errors was not statisti-
cally significant (χ2 = 0.08, df = 2, P = .96). The propor-
tion of variability in the ranked dependent variable (number
of errors) accounted for by the CCT variable was 0.00.

3.1.3 | The number of experienced hesitations

The main effect for colour on the number of experienced
hesitations during finding the final destination yielded an
F ratio of F(2, 85)=40.207, P < .001 (M = 0.67, SD =
0.861, N = 90), indicating a significant difference between
neutral (M = 1.50, SD = 0.900), warm (M = 0.20, SD =
0.407) and cool coloured settings (M = 0.30, SD = 0.466).
As evident in Table 2, Setting 1 (neutral coloured VE) had
the most number of participants experiencing hesitations
compared to Setting 2 (warm coloured VE) and Setting
3 (cool coloured VE). The main effect for gender on the
number of experienced hesitations during finding the end
point yielded an F ratio of F(1, 85)=4.098, P < .05, indicat-
ing a significant difference between females (M = 0.80,
SD = 0.869) and males (M = 0.53, SD = 0.842).

3.1.4 | The distance traveled

The main effect for colour on the distance traveled during
finding the final destination yielded an F ratio of F(2, 85)
=18.534, P < .001, (M = 56.34, SD = 2.849, N = 90),
indicating a significant difference between neutral
(M = 58.50, SD = 3.93), warm (M = 55.10, SD = 0.548)
and cool coloured settings (M = 55.43, SD = 1.357). As
evident in Table 3, Setting 1 (neutral coloured VE) had the
most number of participants having longer distance traveled
compared to Setting 2 (warm coloured VE) and Setting
3 (cool coloured VE). The main effect for gender on the

FIGURE 7 The time spent

TABLE 1 Cross-tabulation for number of wrong turns in finding the final
destination in three settings

Neutral Warm Cool Total

Wrong turns 20 2 3 25

No wrong turns 10 28 27 65

Total 30 30 30 90

TABLE 2 Cross-tabulation for number of experienced hesitations in
finding the final destination in three settings

Neutral Warm Cool Total

Hesitate 26 6 9 41

Not hesitate 4 24 21 49

Total 30 30 30 90
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distance traveled during finding the end point yielded an
F ratio of F(1, 85)=3.957, P ≤ .05, indicating a significant
difference between females (M = 56.84, SD = 3.464) and
males (M = 55.84, SD = 1.977).

3.2 | Picture classification task

3.2.1 | The time of completion

The time of completion of picture classification task for the
three participant groups (the three experiment settings of Set-
ting 1 (neutral), Setting 2 (warm) and Setting 3 (cool) were
assessed by comparing the duration (M = 183.84, SD =
44.872, N = 90). The main effect for colour yielded an
F ratio of F(2, 85) =22.796, P < .001, indicating a signifi-
cant difference between neutral (M = 218.9, SD = 50.329),
warm (M = 164.23, SD = 27.276) and cool coloured set-
tings (M = 168.4, SD = 31.41). Besides, the main effect for
gender on the time of completion for picture classification
task yielded an F ratio of F(1, 85)=16.963, P < .05, indicat-
ing a significant difference between females (M = 199.0,
SD = 42.068) and males (M = 168.69, SD = 42.817) (see
Figure 8).

3.2.2 | The accuracy of sequence

The accuracy of sequence of picture classification task for
the three participant groups (the three experiment settings of
Setting 1 (neutral), Setting 2 (warm) and Setting 3 (cool)

were assessed by comparing the accuracy scores (M = 9.98,
SD = 1.081, N = 90). The main effect for colour yielded an
F ratio of F(2, 85)=26.393, P < .001, indicating a signifi-
cant difference between neutral (M = 9.07,SD = 1.143),
warm (M = 10.53, SD = 0.629) and cool coloured settings
(M = 10.33, SD = 0.758). As evident in Table 4, Setting
1 (neutral coloured VE) had the most number of participants
having lower scores compared to the participants who had
Setting 2 (warm coloured VE) or Setting 3 (cool coloured
VE). The main effect for gender on the accuracy of sequence
score for picture classification task yielded an F ratio of F
(1, 85)=6.181, P < .05, indicating a significant difference
between females (M = 9.76, SD = 1.069) and males
(M = 10.20, SD = 1.057).

4 | DISCUSSION

Various aspects of the possible aid of colour to elderly peo-
ples' visuospatial navigation performance in a virtually simu-
lated polyclinic environment, including effects of different
colour schemes in terms of route learning and cognitive
mapping process were explored via using HTC Vive HMD.
It was hypothesized that there are different impacts of alter-
nating preset colour settings on visuospatial navigation per-
formances of elderly people. Three different colour schemes
(neutral, warm and cool) were compared considering two
different tasks: route replication task and picture classifica-
tion task. Route replication task was evaluated under four
metrics; the time spent finding the end point, the number of
wrong turns, the number of experienced hesitations and the
distance traveled. Additionally, picture classification task
was measured by two metrics: the time of completion and
the accuracy of sequence.

The current research found that coloured visuospatial
cues ease navigation of elderly people compared to neutral
by decreasing the time spent, reducing the number of wrong
turns, minimizing hesitations experienced, reducing the dis-
tance traveled. However, there was no significant difference
found between warm and cool coloured visuospatial cues in
terms of spatial navigation performance of elderly people.
There is no research found in the literature with the focus on
the effects of colour on wayfinding in cognitively healthy
elderly participant groups, however, there is literature indi-
cating that colour may be expected to improve route learning
and cognitive mapping performances in wayfinding research
concentrating on different age demographics, mostly adults

TABLE 3 Cross-tabulation for the distance traveled in finding the final
destination with three settings

Neutral Warm Cool Total

55 m 11 29 27 67

Longer than 55 m 19 1 3 23

Total 30 30 30 90

TABLE 4 Cross-tabulation for the sequence accuracy score in picture
classification task with three settings

Neutral Warm Cool Total

Lower than 10 18 2 5 25

10 and more than 10 12 28 25 65

Total 30 30 30 90

FIGURE 8 The time of completion
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and children, and elderly with dementia or Alzheimer's dis-
ease and results of the statistical tests confirmed this, show-
ing various specific effects.29,30,33–36,40,46,90–93

The effects of coloured landmarks on wayfinding perfor-
mances of children were explored in a real school environ-
ment, by comparing gray and coloured landmark usage.34

They found no significant difference between the settings of
coloured landmarks, however, the wayfinding performance
was found to be inferior in the setting with gray landmarks
compared to the coloured sets. In the current study, even
though the participant group's age demographics are different,
the results were found to be very similar. The cool colour
scheme including the tones of blue and the warm colour
scheme including the tones of red were found to be improving
the navigation performance of elderly people, while the neu-
tral setting consisting of tones of gray and beige were found
to cause inferior performances. The use of colour and lighting
in hospital environments were also studied and the conclusion
was that the gray and beige colours minimized the attention
and concentration of people, which may have translated into
an inferior navigation performance in the current study.29

Additionally, previous literature noted that the response of
people is different toward colours based on their culture,94–96

and it should be considered that the current study was con-
ducted in the Turkish culture with Turkish participants.

Additionally, the gender difference was also found on the
visuospatial navigation within different coloured VEs. The
results showed that females; spent more time, had more wrong
turns, experienced more hesitations, and traveled longer dis-
tances compared to males. There is no consensus in literature on
gender difference affecting spatial abilities. The results of this
study are parallel to the results obtained in previous
research52,54,62,65,97–105 regarding the gender difference favoring
males, affecting wayfinding and spatial navigation performances.
However, certain studies in literature have found no gender dif-
ference or favored females in spatial performances.34,35,106–108

No significant gender difference was discovered in way-
finding performance of primary school children.34 In this
current study, we found gender differences to be significant
for the elderly participants between the ages 65 and
80, favoring males. The gender differences may be surfacing
a result of the experience of living in a specific culture for a
long amount of time. Therefore, it is difficult to come to a
clear cut conclusion on the effects of gender on visuospatial
navigation due to the limited number of studies in this field
regarding elderly people. The perception of gender roles also
differ in between cultures and this fact has to be taken into
consideration when reviewing this study.109,110

5 | CONCLUSION AND SUGGESTIONS FOR
FUTURE RESEARCH

The major aim of this study was to fill in the gap in literature
regarding the effects of colour on visuospatial navigation of

elderly people in a virtually simulated polyclinic environ-
ment and, therefore, the results of current research provide
data for designing more functional and recognizable spaces
for the elderly people. The use of colour in the built environ-
ment to improve visuospatial abilities and navigation is cru-
cial for special demographics such as elderly people or
patients of dementia. Increasing elders' population should
not be ignored and researchers, environmental psychologists,
gerontologists, interior wayfinding designers, architects
should collaborate to provide safe, functional and more navi-
gable environments for the elderly people. Further spatial
cognition research can be conducted in a VE through the use
of a HMD, similar to the one in this study to reduce the cost
of experiments both financially and physically, providing a
safe, realistic feasible and easy to access alternative experi-
ence to real environments.
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