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A head-mounted display could potentially restrict users’ visual fields and thereby
impair their spatial cognitive ability. Spatial cognition can be assisted with
immersive visual guidance. However, whether this technique is useful for
individuals with autism-spectrum disorder (ASD) remains unclear. Given the
recent virtual reality (VR) contents targeting individuals with ASD, the
relationship between ASD-related traits and the effectiveness of immersive
visual guidance should be clarified. This pilot study evaluated how ASD-related
traits (autistic traits and empathizing–systemizing cognitive styles) among typically
developing individuals are related to the effectiveness of visual guidance.
Participants performed visual search and spatial localization tasks while using
immersive visual guidance. In the visual search task, participants searched
immersive VR environments for a target object and pushed a button according
to the target color as quickly as possible. In the localization task, they viewed
immersive visual guidance for a short duration and localized the guided direction
via a controller. Results showed that visual search times were hastened with
systemizing cognition. However, ASD-related traits were not significantly related
to localization accuracy. These findings suggest that immersive visual guidance is
generally useful for individuals with higher ASD-related traits.
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1 Introduction

1.1 Immersive visual guidance technique assists users’ spatial
cognition

Many head-mounted displays (HMDs) restrict users’ visual field. A solution involves
immersive visual guidance, which enhances spatial cognition by converting surrounding
items into symbolic information (Bork et al., 2018). Users’ attention can be guided and
directed toward the surrounding items by an isosceles triangle (Gruenefeld et al., 2018a), a
moving arrow (Gruenefeld et al., 2018b), or 3D radar that depicts their location (Gruenefeld
et al., 2019). Visual guidance can enhance two types of spatial cognition (Harada and
Ohyama, 2021): spatial localization and visual search. Localization refers to the ability to
recognize the location of visual items based on sensory-perceptual cues. Visual search refers
to the ability to pay attention and detect target items.
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Recently, some virtual reality (VR) contents have been used for
individuals with autism-spectrum disorder (ASD) or higher autistic
individuals (Lorenzo et al., 2013; Ip et al., 2018; Kumazaki et al.,
2021; Li et al., 2023). ASD is a developmental disorder characterized
by difficulties in social interactions and excessively limited
behavioral patterns and interests (American Psychiatric
Association, 2013). McCleery et al. (2020) reported that
repeatedly experiencing social interactions in immersive VR
environments reduces the social anxiety and phobic responses of
individuals with ASD. Given the recent trends, an important
endeavor is to clarify how the effectiveness of immersive visual
guidance changes with ASD-related traits to provide effective spatial
assistance for individuals with ASD.

1.2 Relationship between ASD-related traits
and spatial cognitive ability

ASD-related traits are continuously distributed even within
typically developing individuals and can be evaluated using three
scales: the Autism Quotient (AQ: Baron-Cohen et al., 2001),
Systemizing Quotient (SQ: Baron-Cohen et al., 2003), and
Empathy Quotient (EQ: Baron-Cohen and Wheelwright, 2004).
The AQ indicates generalized autistic traits that comprise social
skills, attention switching, local preferences, social communication,
and imagination. The SQ and EQ indicate an individual’s tendency
to recognize causes and outcomes on the basis of underlying rules
and emotional aspects, respectively. Individuals with ASD are more
systemizing and less empathetic than typically developing
individuals (Harmsen, 2019). Less empathizing cognition impairs
social interactions, which may result in difficulties in social
environments for individuals with ASD.

Previous studies have suggested that individuals with ASD or
higher ASD-related. Traits have atypical spatial cognitive
characteristics. Spatial cognition in children with ASD has been
reported to be based more strongly on intrinsic coordinates than on
external spatial coordinates (Haswel et al., 2009; Wada et al., 2014).
This tendency is related to the impairment in social skills (Haswel
et al., 2009).With regard to the spatial cognitive ability of individuals
with ASD or higher ASD-related traits, previous studies have
provided mixed evidence (Muth et al., 2014). Individuals with
ASD frequently show superior visual search performance
(O’Riordan, 2004), and such superior performance has been
extensively reported in the literature (see Kaldy et al., 2016 for a
review). This topic has also been discussed from the perspective of
atypical perceptual–cognitive characteristics in individuals with
ASD, such as enhanced perception (O’Riordan, 2004) and
attentional systems (Keehn et al., 2013). By contrast, Visser et al.
(2013) reported the typical or inferior performance of localization in
individuals with ASD. Given an atypical spatial cognitive ability, the
effectiveness of visual guidance may change with ASD-related traits.
However, to our knowledge, no study has investigated this topic.

1.3 Purpose and study design

This pilot study evaluated whether the effectiveness of
immersive visual guidance changed according to ASD-related

traits. We recruited typically developing individuals and
conducted visual search and localization tasks using immersive
visual guidance. We analyzed the effects of AQ, SQ, and EQ on
visual search and localization performance. Previous studies have
reported that individuals with ASD exhibit superior visual search
performance (Kaldy et al., 2016) but inferior localization
performance (Visser et al., 2013). Therefore, we hypothesized
that the effect of visual guidance on visual search and
localization performance will be related to autistic traits and
systemizing and/or empathizing cognitive styles.

2 Methods

2.1 Participants

This study included 34 individuals with typical development
(14 males and 20 females). Participants’ ages ranged from 18 to
35 years (M = 21.68; SD = 3.97). They were naïve to the purpose of
this study. Participants’ ASD-related traits were evaluated via the
Japanese versions of the AQ (Wakabayashi et al., 2004) and EQ and
SQ questionnaires (Wakabayashi et al., 2006). The AQ questionnaire
asked how participants agreed with 50 items that described social
situations, behavioral tendencies, and obsessions. For example, “I prefer
to do something with others rather than alone.” The EQ and SQ
questions asked how participants agreed with 47 items that described
emotional communication and mechanism of systems. For example, “I
prefer to take care of other people (EQ item)” and “If I were to buy a car,
I prefer to know detailed information about the engine’s performance
(SQ item).” Responses were rated on a 4-point Likert scale (agree,
partially agree, partially disagree, or disagree).

2.2 Equipment and materials

A laptop (DELL ALIENWARE m15; Core i7-9750H), with a
GeForce RTX 2080 8GB GDDR6 Max-Q (NVIDIA) GPU, was used
for the experiments. A VIVE Pro Eye (HTC) was employed as the
VR system. The HMD and two controllers were tracked using three
sensors (SteamVR Base Station 2.0). The VR environments were
established via Unity 2018.4.13f1 and SteamVR.

In total, four visual guidance types were used (Figure 1A): two first-
person (Halo and Wedge: Gruenefeld et al., 2018a) and two bird’s eye
types (Radar and EyeSee360: Gruenefeld et al., 2019). These were
downloaded from Gruenefeld (2017). The Halo depicted a red circle
between the center of HMD’s view and target direction. The circle size
indicated the distance between the HMD’s direction and target
direction. In addition, the circle position indicated the direction that
the target was located. Target directions were calculated based on the
size and position of the red circle. The Wedge depicted a red isosceles
triangle whose vertex was directed toward the target direction. Target
direction was calculated based on the orientation of the triangle and
length of the base. The Radar was composed of a red cube and an
elliptical disk that contained cross lines. The cube indicated the position
of target. Furthermore, the crossed point represented the position of the
HMD in the virtual environment. Target direction was calculated based
on the relative position of red cube on the disk. The
EyeSee360 comprised a red dot, squire frame, and projected
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map. The dot and frame indicated the target direction and current field
of view, respectively. The rotation of the HMD moved the dot
horizontally and frame vertically. The dotted lines on the map were
drawn at 45° intervals. The projectedmap covered 360°, and the left and
right ends indicted the participants’ back. Target direction was
calculated based on the relative status among the dot, frame, and
projected map.

2.3 Procedures

After the experimental instructions were provided, participants
were equipped with an HMD and held two controllers. They
performed the visual search and localization tasks for one

guidance type sequentially. This was also repeated for the other
three types. The order of the guidance types was not completely
counterbalanced because the sample size was not a multiple of 4. To
examine whether the order of guidance type was significantly
unbalanced, we conducted a chi-squire test. In this analysis, the
frequency was calculated for each of the guidance type (Halo,
Wedge, Radar, and EyeSee360) and order (1, 2, 3, and 4). The
test showed that the order was not significantly unbalanced across
the guidance type (χ2 = 0.343, p = .999). Hence, the order of guidance
type was almost balanced.

2.3.1 Visual search task
Participants searched an immersive VR environment for a target

with the use of visual guidance. The trial sequence is shown in

FIGURE 1
Schematic illustration of the experimental settings. (A) Immersive visual guidance technique. (B) Trial sequence of the search task. (C) Possible target
directions of the visual search task and guided directions on the localization task. The crosses (+) indicate the target and guided directions. (D) Trial
sequence of the localization task. The examples indicate Wedge condition.
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Figure 1B. After the fixation cross (“+”), a visual guidance, target,
and distractors were presented. The target was a white or black cross
(“+”), and the distractors were white or black “T” rotated at 0, 90,
180, and 270°. The possible directions of the targets are shown in
Figure 1C. Participants were asked to search for the target while
using visual guidance and push a button that corresponded to the
target’s color as quickly as possible. The colors and directions of the
targets were randomized across the trials. Before the task,
participants performed practice trials until they became more
proficient.

The visual search task was divided into experimental blocks of
50 trials. There were 200 trials: visual guidance (Halo,Wedge, Radar,
and EyeSee360) × target direction (25) × target color (white and
black). The type of visual guidance was manipulated between the
experimental blocks, and the colors and directions of the targets
were manipulated within a block.

2.3.2 Spatial localization task
Participants were provided with visual guidance that indicated a

certain direction and localized that direction via a controller.
Participants were instructed that fast responses were not required
because this task measured the localization accuracy and not speed.
The trial sequence is shown in Figure 1D. After the fixation cross
(“+”), a visual guidance, which indicated a certain direction, and the
instruction “Wait” were presented for 0.5 s. Participants were asked
to fixate their gaze position on the instruction at this phase. The
possible guided directions were identical to the target directions in
the search task (Figure 1C). Subsequently, an instruction “Go” was
presented. Participants moved their gaze, directed the controller in
the guided direction, and pushed a button. The guided direction was
randomized across the experimental trials. Before the task,
participants performed practice trials until they became more
proficient.

The localization task was divided into experimental blocks of
50 trials. There were 200 trails: visual guidance (4) × guidance
indication (25) × repetition (2). The visual guidance factor was
manipulated between the experimental blocks, and the guidance
indication was manipulated within a block.

2.4 Data analysis

Experimental data were illustrated by the Rstudio (2023.03.1)
and Surfer (25.3.290: Golden Software). Heatmaps were depicted via
Kriging methods. Analyses of variance (ANOVAs) and multiple
regression analyses were conducted using JASP (0.17.2). Mauchly’s
sphericity tests showed significant violations of the spherical
assumption for some ANOVAs. Hence, the results were corrected
via Greenhouse–Geisser correction.

To evaluate visual search performance, search times were
calculated based on the time from the start till the participant
pushed the button. To evaluate localization performance, the
error size in degrees between the localized and guided directions
was calculated. Larger search times and error of localization
indicated lower performance. Before the visual search
performance was analyzed, we excluded data from 92 incorrect
trials (e.g., an incorrect button that corresponded to the target color
was pushed: 1.353%). We also excluded outlier values as in previous

studies (Henderson and Macquistan, 1993; Franconeri and Simons,
2003) because these values impair the reliability of statistical tests.
Outliers were defined as values greater than the mean +3 standard
deviations. Consequently, 92 (1.353%) and 106 outliers (1.559%) in
the visual search and localization tasks were excluded, respectively.

3 Results

3.1 Visual search performance

Figure 2A shows the mean search times. In the heatmaps, the
target longitude, target latitude, and mean search time were entered
on the x-, y-, and z-axes, respectively. Results of the two-way
repeated-measures ANOVA with the factor of visual guidance
type are shown in Supplementary Material S1. Figure 2B shows
the search time as functions of the AQ, SQ, and EQ scores. To clarify
the effect of ASD-related traits on visual search performance, a
regression analysis was conducted for each guidance type with the
predictors of the AQ, SQ, and EQ scores on the search times. The
regression models were significant for the Wedge (F = 3.590, p =
.025, adjusted R2 = .191), Radar (F = 5.618, p = .004, adjusted R2 =
.296), and EyeSee360 conditions (F = 3.156, p = .039, adjusted R2 =
.164) but not for the Halo condition (F = 1.459, p = .246, adjusted
R2 = .040). For the Wedge condition, the search was hastened with
the SQ score (t = −3.251, p = .003, β = −.531); the AQ and EQ scores
did not influence the search time (|t|s < 0.504, ps > .618, βs < .093).
For the Radar condition, the search was fastened with the SQ score
(t = −3.829, p < .001, β = −.583). However, it was delayed with the
AQ score (t = 2.387, p = .023, β = .413). Furthermore, it was not
influenced by the EQ score (t = 0.671, p = .508, β = .112). For the
EyeSee360 condition, the search was fastened with the SQ score
(t = −2.979, p = .006, β = −.494). However, it was not influenced by
the AQ and EQ scores (|t|s < 1.471, ps > .152, βs < .277). These
results demonstrated that systemizing cognition promoted search
performance.

3.2 Spatial localization performance

3.2.1 Error of localization
Figure 3A shows the mean error of localization. Results of the

one-way repeated-measures ANOVA are shown in Supplementary
Material S2. Figure 3B shows the error size of the localization as
functions of the AQ, SQ, and EQ scores. To examine the effect of
ASD-related traits on localization performance, a regression analysis
was conducted for each guidance type with the predictors of the AQ,
SQ, and EQ scores on error size. The results showed that none of the
models were significant (Fs < 1.929, ps > .146, adjusted R2 < .078).
This suggested that neither autistic traits nor systemizing or
empathizing cognitive styles influenced localization performance.

3.2.2 Longitudinal and latitudinal biases of
localization

We also analyzed localization biases regarding longitudinal and
latitudinal directions. Data obtained from the latitude 90 and
-90 conditions (i.e., those guided just above and underneath the
participants) were excluded. Figure 4A shows the mean localized
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longitude as a function of guided longitude. To investigate how the
target longitude influenced localized longitude, we calculated a
regression coefficient for each participant and guidance type. The
regression coefficient indicated the longitudinal bias of localization:
smaller values less than 1 indicated biases for the front, and larger
values indicated those for the back. Figure 4B shows the mean
regression coefficients. Results of the one-way repeated-measures
ANOVA are shown in Supplementary Material S3. Figure 4C shows
the longitudinal bias of localization as a function of the AQ, SQ, and
EQ scores. To examine the effect of ASD-related traits, multiple
regression analysis was conducted for each of guidance type with the
predictive factors of AQ, SQ, and EQ scores. None of the models
were significant (Fs < 2.098, ps > .121, adjusted R2s < .091).

Figure 4D shows the mean localized latitude as a function of
target latitude. To investigate the latitudinal bias of localization, we
calculated a regression coefficient for each participant and guidance
type. The regression coefficient indicated the latitudinal bias of
localization: smaller values of less than 1 indicated latitudinal
bias for the front, and larger values indicated bias for the back.
Figure 4E shows the mean regression coefficients. Results of the one-
way ANOVA are shown in Supplementary Material S4. Figure 4F
shows the latitudinal bias of localization as functions of the AQ, SQ,
and EQ scores. To examine the effect of ASD-related traits, a
multiple regression analysis was conducted for each guidance
type with the predictors of the AQ, SQ, and EQ scores. For the
Radar condition, the model was significant (F = 4.277, p = .013,

FIGURE 2
The visual search performance. (A)Mean search times. The colors represent the mean search times. (B) Effect of ASD-related traits on search times.
The colored areas around the lines represent standard errors. The asterisks represent significant effects of autistic traits and systemizing or empathizing
cognitive styles (p < .05).
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adjusted R2 = .230). However, the models for the other conditions
were not (Fs < 1.912, ps > .149, adjusted R2s < .077). In the Radar
condition, the frontward latitudinal bias increased with the AQ score
(t = 2.387, p = .023, β = −.448). It did not change with the SQ and EQ
scores (|t|s < 0.705, ps > .486, |β|s < .130).

4 Discussion

This pilot study examined how the effectiveness of immersive
visual guidance changed according to ASD-related traits. Typically
developing participants completed the visual search and localization
tasks while using visual guidance. The visual search performance
increased with participants’ systemizing cognitive styles; however,
the localization performance did not change. These results suggested
that the immersive visual guidance was useful for assisting visual
cognition in individuals with systemizing cognitive style.

4.1 Effect of ASD-related traits on visual
search performance

Our results indicated that visual search performance was
positively correlated with systemizing cognitive styles. This
correlation is consistent with results from previous studies that
reported systemizing cognition improved performance in spatial
cognition tasks such as mental rotation tests (Cook and Saucier,

2010) and Gottschaldt’s hidden figure test (Conson et al., 2020).
Conversely, the visual search performance was negatively correlated
with autistic traits when Radar guidance was used. The
incongruency between autistic and systemizing effects may stem
from the diversity of cognitive performance on the autism spectrum.
When autistic traits are high, those with systemizing cognition may
use Radar effectively; however, those with less systemizing cognition
may not. Some studies asserted that individuals with ASD have a
strong preference for perceiving individual information (Mottron
et al., 2006) and have difficulty integrating them into global
information (Frith and Hoppe, 1994). Radar required users to
integrate the cube, elliptical disk, crossed lines, and status of the
HMD’s rotation to recognize the target direction. Therefore, those
with less systemizing cognition would have difficulties in using the
Radar.

4.2 Effect of ASD-related traits on
localization performance

Unlike visual search performance, localization performance
while using visual guidance was not correlated with autistic traits
and systemizing and empathizing cognitive styles, except for the
latitudinal bias of localization in the Radar condition. Few studies
have investigated localization performance in individuals with ASD.
Visser et al. (2013) conducted an experiment in which participants
heard a sound presented by a speaker around them and localized the

FIGURE 3
The localization performance. (A) Mean error size of localization. The error bars represent 95% confidence intervals. Asterisks represent significant
differences (p < .05). (B) Effect of ASD-related traits on error size. The colored areas around the lines represent standard errors.

Frontiers in Virtual Reality frontiersin.org06

Harada and Wada 10.3389/frvir.2023.1291516

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2023.1291516


FIGURE 4
Localization biases for the longitudinal and latitudinal directions. (A) Mean localized longitude as a function of guided longitude. The gray line
represents non-biased localization. The smaller slope indicates longitudinal bias for the front. (B) Mean longitudinal bias of localization. The error bars
represent 95% confidence intervals. The asterisks represent the significant differences (p < .05). (C) Effect of ASD-related traits on the longitudinal bias of
localization. The colored areas around the lines represent standard errors. (D) Mean localized latitude as a function of guided latitude. (E) Mean
latitudinal bias of localization. (F) Effect of ASD-related traits on the latitudinal bias of localization. The asterisk represents the significant effect of autistic
traits and systemizing and empathizing cognitive styles on latitudinal bias (p < .05).
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source of sound. The results showed a strong impairment of
latitudinal localization in individuals with ASD; however, this
impairment was not observed for horizontal directions.
Conversely, we did not observe a strong impairment. This
inconsistency may stem from the differences in processing
between visual and auditory localization. Visser et al. explained
that impaired latitudinal localization in individuals with ASD is
related to abnormal connectivity within the cochlear and inferior
colliculi, which influences the detection of sound elevation (Zwiers
et al., 2014). Therefore, how ASD-related traits relate to visual
localization remains unclear. Future research is warranted.

4.3 Conclusion

We examined how the effectiveness of visual guidance changes with
ASD-related traits. Specifically, visual search performancewas positively
correlated with systemizing cognition while using visual guidance.
However, localization performance showed minimal correlation with
autistic traits. Hence, visual guidance would be effective for improving
spatial cognition in individuals with higher ASD-related traits.
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