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and engaging in mistakes, lapses and intentional violations 
while driving (Daly et al. 2014).

Simulator studies suggest that individuals with ASD 
may ind a range of speciic skills involved in driving to be 
challenging. For instance, Classen et  al. (2013) reported 
poorer performance in a number of aspects of simulator 
driving in ASD, including operation skills, lane mainte-
nance, and speed regulation. Cox et al. (2016) also report 
poorer simulator driving in a cohort of individuals with 
ASD, which was further impaired by a concurrent work-
ing memory task. Reimer et al. (2013) measured eye move-
ments during a simulator drive and found that participants 
with ASD tended to look further into the distance than 
comparison individuals, which the authors suggested could 
be less useful for detecting rapidly changing situations on 
the roads. Moreover, when placed under increased atten-
tional demands the participants with ASD tended to shift 
attention away from the roadway, which might afect their 
ability to detect (and respond to) hazardous events safely.

Hazard perception (HP), the ability to identify and 
respond to potentially dangerous events on the roads, has 
been previously shown to pose some diiculties for those 
with ASD (Sheppard et al. 2010). HP proiciency is meas-
ured by presenting participants with videos ilmed from the 
point of view of a driver of a car travelling down a road 
and asking them to identify a developing hazard by press-
ing a button on a keyboard. As experienced drivers typi-
cally respond faster than novices (e.g. Scialfa et  al. 2011; 
Wetton et  al. 2011), and HP test scores predict crash risk 
(e.g. Boufous et al. 2011; Horswill et al. 2015), HP ability 
is believed to be an important component of driving.

Individuals with ASD were found to be less accurate 
than typically developing individuals in detecting hazards, 
primarily due to poorer performance when the hazard arose 
from the actions of a clearly visible person (social hazards) 
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Introduction

Driving a car is an important life skill that allows increased 
mobility and independence, along with associated physical, 
social and economical beneits (Collia et  al. 2003). How-
ever survey data have reported that only around 25% of 
adults with Autism Spectrum Disorders (ASD) drive inde-
pendently in comparison with 75% of the population as a 
whole, suggesting that it might be a diicult task for people 
with ASD to master (Feeley 2010). ASD individuals who 
do drive rate their own driving ability as poorer than typi-
cally developing individuals, and are more likely to report 
being in accidents where they hit another car or person, 
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rather than when the source of the hazard was obscured 
(non-social hazards, such as another car driver; Sheppard 
et  al. 2010). These results are consistent with previous 
research that has found reduced attention to social stimuli 
in individuals with ASD. For instance, individuals with 
ASD spend less time attending to people (Klin et al. 2002) 
and are slower to ixate their attention on people in scenes 
(Freeth et al. 2010; Fletcher-Watson et al. 2009). However, 
Sheppard et  al. also found participants with ASD were 
slower to detect hazards—both social and non-social—
than typically developing comparison individuals. This 
suggests that individuals with ASD may experience some 
general diiculties with HP beyond any speciic problem 
with hazards involving visible people. If individuals with 
ASD do have diiculty apprehending hazards, this could 
result in an elevated risk of accident involvement both in 
drivers and pedestrians with ASD, who need to be able to 
appraise the intended actions of other road users efectively. 
Also, as several countries (UK, Netherlands, parts of Aus-
tralia) require learner drivers to pass a HP test in order to 
acquire their license, diiculties in doing so could represent 
a signiicant barrier to individuals with ASD gaining their 
license.

Although the previous research (Sheppard et  al. 2010) 
suggested individuals with ASD have some diiculty with 
HP performance, it did not tell us why. Speciically, it was 
not clear whether those with ASD were slower and less 
accurate due to problems with orienting to the hazards, 
or whether they did attend to the hazards but were slower 
to appreciate their signiicance. Moreover, slower reac-
tion times to hazards could relect slowness in planning 
and executing responses. In the study presented here, eye 
movements were recorded to explore attentional patterns 
during a hazard perception task in individuals with and 
without ASD. By looking at if and when participants irst 
ixated the hazards we could assess whether any diicul-
ties in responding to hazards were associated with delays in 
or failure to orient to them. In addition, previous research 
has noted increased ixation durations (Chapman and 
Underwood 1998a) and a reduction in the spread of visual 
search (Underwood et al. 2011; Chapman and Underwood 
1998b) around the time of the hazard occurring, which 
relect attentional capture due to the impending danger. If 
participants with ASD fail to appreciate the danger associ-
ated with developing hazards then we would expect to see 

reduced or absent changes in ixation duration and spread 
of search at around the time of hazard onset. For all of 
these measures, social (i.e. hazards arising from the actions 
of a visible person) and non-social hazards (i.e. hazards 
arising from the actions of an obscured person e.g. a car) 
were compared to determine whether diiculties were more 
pronounced for social stimuli. All participants in the study 
completed the Autism Spectrum Quotient (AQ; Baron-
Cohen et al. 2001) as a measure of the amount of autistic 
traits they had and these scores were related to performance 
on the above measures.

Methods

Participants

Eighteen males with ASD were recruited from specialist 
colleges in the West Midlands and East Midlands of Eng-
land. They had all received a formal diagnosis of autism 
(N = 8) or Asperger Syndrome (N = 10) by a psychiatrist/
clinical psychologist employed by the National Health 
Service, using DSM-IV, (American Psychiatric Associa-
tion, 1994). The comparison group (all male, N = 17) was 
recruited from local colleges. Details of both groups are 
shown in Table 1.

The Wechsler Abbreviated Scale of Intelligence (WASI) 
was carried out on all participants to establish levels of ver-
bal and non-verbal ability. The groups did not difer sig-
niicantly in chronological age, performance or full-scale 
IQ. However, the diference between groups in verbal IQ 
did reach signiicance, t(33) = 2.10, p = .046. Hence, verbal 
IQ was entered as a covariate where possible in analyses. 
All participants were attending colleges for over 16-year-
olds full-time. While some participants in both groups 
were studying for A-levels, the majority were completing 
vocational courses (such as National Diplomas, NVQs 
etc.) All participants completed the Autism Spectrum Quo-
tient (Baron-Cohen et al. 2001) to gain an indication of the 
strength of autistic traits in both groups. The group with 
ASD had signiicantly higher AQ scores than the compari-
son group t(33) = 3.17, p < .005.

As in Sheppard et al. (2010), non-drivers were recruited 
in order to assess ability to detect hazards prior to any train-
ing or the development of speciic HP strategies. As it has 

Table 1  Mean (SD in brackets) 
and range of age, verbal IQ, 
performance IQ, full-scale 
IQ, and Autism Spectrum 
Quotient score for the ASD and 
comparison groups

Age VIQ PIQ FSIQ AQ

ASD (N = 18) 18.79 (2.08)
17.17–24.92

85.94 (16.39)
64–125

91.06 (19.65)
58–127

87.11 (18.66)
60–124

23.72 (6.14)
12–33

Comparison (N = 17) 18.19 (1.43)
16.42–21.08

95.12 (8.47)
85–110

93.29 (9.57)
76–109

93.47 (8.03)
78–109

17.06 (6.31)
8–29
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been shown that HP performance improves with driving 
experience (e.g. Wetton et al. 2011) the recruitment of non-
drivers also controlled for level of experience. However, all 
participants were regular passengers in motor vehicles. Indi-
viduals were also excluded if they had any known visual or 
motor impairment or other comorbid diagnoses. All partici-
pants were tested in a familiar setting within their college.

Design

A mixed 2 × 2 design was employed whereby both groups 
(ASD and Comparison) viewed all 20 hazard videos (10 
social and 10 non-social). The videos were displayed in one 
of two ixed sequences: the irst was randomly generated 
and the second was the reverse order.

In order to assess eye movement parameters during 
periods of interest in relation to the hazards occurring, the 
videoclips were divided into three consecutive pre-deined 
time windows, which will be referred to as “outside”, “pre-
cursor” and “hazard”. These time windows were deined 
based on previous research (e.g. Underwood et  al. 2011). 
The outside window started at the beginning of the vide-
oclip and ended at the start of the precursor window. The 
precursor window commenced when the hazardous road 
user was visible and acting in such a way to indicate that 
a hazard may occur but had not yet reached the point at 
which an evasive action would be required from the driver. 
The hazard window immediately followed the precursor 
window and started at the point when the hazardous road 
user’s actions required evasive action by the driver. For 
example, imagine a situation where a pedestrian is walking 
along the pavement, she turns, strolls to the side of the road 
then steps out into the road. The outside window covers the 
time up until the pedestrian turns towards the roadside (and 
any additional time before the pedestrian comes into view). 
As the pedestrian walks towards the edge of the pavement, 
she is now behaving in such a way that the hazard might 
be anticipated, although no evasive action is required yet: 
this is the precursor window. The point at which the pedes-
trian steps into the road is the end of the precursor window 
and the start of the hazard window (hazard onset), which 
continues up until the participant responds. The outside 
window ranged from 1.11 to 11.07  s with a mean length 
of 5.05 s (SD = 2.99). The source of the hazard was some-
times present from the start of the outside window but in 
other cases came into view during the outside window. In 
some clips (two social and one non-social), where the haz-
ard onset abruptly, the source of the hazard was not pre-
sent during the outside window at all and there was no pre-
cursor window. For the remaining 17 clips, the precursor 
window ranged from 0.36 to 10.51 s with a mean length of 
4.51 s (SD = 3.52). The hazard window ranged from 0.83 to 
10.45 s with a mean length of 4.00 s (SD = 2.54).

The eye-tracking analysis focused on when the source 
of the hazard was irst ixated, as well as the mean ixa-
tion durations and horizontal spread of ixations during 
the three time windows of viewing: outside, precursor and 
hazard. The groups were also compared on two behavioural 
measures: accuracy (number of hazards correctly identi-
ied) and reaction time (time from the start of the precursor 
window until a correct response was made).

Materials and Apparatus

All participants were presented with 20 videos of driv-
ing situations, recorded from the viewpoint of the driver. 
Although all clips contained a mixture of cars, pedestrians 
and sometimes other vehicles, each video contained only 
one hazardous driving event. In ten of the videos the source 
of hazard was a clearly visible person (i.e. pedestrian)—
referred to as ‘social hazards’—while in the other ten, the 
source of the hazard was a vehicle wherein the driver was 
obscured from sight—referred to as ‘non-social hazards’. 
This distinction between social and non-social hazards was 
used in Sheppard et al. (2010) and based on research that 
suggests that people conceive of vehicles such as cars as 
non-social entities even though they are controlled by a 
person (Walker 2005), while other road users with a visible 
human igure (e.g. cyclists, pedestrians) engage socio-cog-
nitive processing. The social hazard clips involved: chil-
dren playing football, which was kicked into the road and 
chased after by the children; people crossing at a pedestrian 
crossing (two clips); a man who jogs across the road to 
meet his friend who waved from the other side; a man who 
rushes across the road to the bus stop; a group of youths 
who saunter out into the road; a group of school children, 
one of whom is pushed into the road; a man who wanders 
into the road while looking in the wrong direction; a man 
who sprints across the road; a jogger who is using the road 
for running. The non-social hazard clips were as follows: 
car reversing out of a driveway or parking space into the 
road (two clips); van/car pulling out from a side road (three 
clips); car changing lanes abruptly in front of observer (two 
clips); car pulling into the observer’s lane to move around 
parked vehicles (three clips).

Eye movements were recorded using a remote Tobii 
1750 eye-tracker system (recording frequency of 50 Hz and 
accuracy of 1° of visual angle). The images were displayed 
on a 19″ colour LCD monitor at a distance of approxi-
mately 60  cm and subtended a visual angle of approxi-
mately 32° horizontally and 24° vertically. The screen 
resolution was set to 1024 × 768 pixels. Participants were 
free to move their head throughout the experiment but were 
asked to ‘‘sit quite still’’. A 5-point calibration was con-
ducted using Clearview software.
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Procedure

Participants were informed that they would view video 
clips in which they needed to identify driving hazards. 
They were asked to press the space bar on the keyboard 
as quickly as possible when they saw a hazard developing. 
A deinition of a driving hazard was provided, as used in 
previous studies (e.g. Crundall et al. 2002; Sheppard et al. 
2010; Underwood et  al. 2013), to ensure that participants 
understood the task. They were told that a hazard was ‘an 
event that occurs on the road whilst you are driving along 
that would make you have to consider taking some kind of 
action to avoid an accident’. Participants were told that each 
video may contain one or more driving hazards, or may not 
contain any. Although each video actually contained only 
one hazard, participants were not informed that this was the 
case. No feedback was given in regards to accuracy on each 
trial.

Each video was preceded by a ixation point displayed 
for 1  s. When participants made a key-press the clip ter-
minated showing a blank screen, and response time was 
recorded. At this point the participants were required to 
report the hazard to the experimenter. The experimenter 
asked “what was the hazard?” and wrote down the partici-
pants’ verbal responses. If the participant made a response 
that was ambiguous, such as “it was the car” when more 
than one car was present in the scene, the experimenter 
probed him further to obtain a clear description of the 
source and nature of the hazard by saying “Can you be 
more precise?” The experimenter then pressed a key to 
move to the next video.

Measures and Statistical Methods

For the eye-tracking analyses some participants were 
excluded due to a large amount of missing data (≥45%). As 
a consequence the analyses were carried out with 15 par-
ticipants with ASD and 16 comparison participants. These 
two groups did not difer signiicantly in the mean amount 
of missing eye-tracking data, (ASD M = 10.44, SD = 8.13; 
Comparison M = 10.45, SD = 11.00), t(29) = 0.004, p > .99. 
The eye movements were overlaid on the videoclips (using 
the raw co-ordinates of gaze position at each sampling 
point) and were handcoded frame-by-frame by one of the 
researchers to determine at what time after the start of the 
precursor window the hazard was irst ixated by the par-
ticipant. Due to variability in the latencies to irst ixation 
of the hazards, they were converted to z-scores for each clip 
and mean z-scores were used in subsequent analyses.

Responses were regarded as correct if the participant made 
a key-press and gave a correct verbal explanation. Hazard 
reaction times were analysed for correct responses only, from 

the start of the precursor window until a key-press was made. 
As reaction times varied greatly between clips, mean z-scores 
of reaction times were calculated. Subsequently, a transfor-
mation was carried out to normalise the data: √(z-score + 2) 
prior to analysis.

A measure of the speed of reaction was calculated by sub-
tracting the latency to irst ixation of the hazard from the 
hazard reaction time for each participant for each clip, essen-
tially giving an indication of how long after the participant 
looked at the hazard they made their key press response. 
Again, these reaction speeds varied between clips so data 
were transformed to z-scores for each of the 20 clips.

The above measures were analysed using 2 × 2 ANOVA 
with group (ASD or comparison) as a between-participants 
factor and hazard type (social or non-social) as a within-
participants factor. As VIQ difered signiicantly between 
the groups, the analyses were repeated with VIQ entered as 
a covariate.

Attentional capture was measured by calculating the 
mean ixation duration and mean horizontal spread of ixa-
tions (standard deviation of the horizontal (x) coordinates 
of ixations in pixels) for each of the three pre-deined time 
windows (outside, precursor, and hazard). Fixations were 
extracted using the ClearView ixation ilter (default set-
tings), which deems individual gaze samples within a dis-
tance of 30 pixels as being part of the same ixation, with a 
minimum temporal duration of 100 ms. Matlab was used to 
extract the above metrics for the three time windows. These 
were analysed with 3 × 2 × 2 ANOVA with timing (outside or 
precursor or hazard) and type of hazard (social or non-social) 
as within-participants factors and group (ASD or compari-
son) as a between-participants factor. The analyses were also 
repeated with VIQ as a covariate.

Although eye movements were the main focus of this 
study, behavioural analyses of accuracy and reaction time 
were also carried out, using data from all participants. Mann–
Whitney tests were used to compare the number of social and 
non-social hazards participants in the two groups correctly 
identiied. Correlation analyses were used to determine the 
extent to which the variables measured in this study relate to 
levels of autistic traits and verbal IQ, as well as to determine 
the relationship between latency to irst ixation of the hazard 
and hazard reaction time.

Results

Eye Movements

Analysis of basic eye-tracking measures in the period prior 
to the appearance of the source of the hazard (i.e. the out-
side window) did not reveal any group diferences in num-
ber of ixations, ixation duration, or horizontal spread of 
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search. This suggests that individuals with ASD did not 
have any notable diferences in their general scanning or 
attention towards the scene before the hazard started to 
occur. There was also no signiicant diference between the 
groups in the mean total ixation time (ASD M = 8.14 s vs. 
Comparison M = 8.27 s).

All participants ixated the source of the hazard in each 
clip at some point after its appearance on the screen, typi-
cally during the precursor window. Mean times for irst 
ixations of social and non-social hazards are displayed in 
Table 2 (although z-scores were used in analysis).

Participants with ASD were slower to irst ixate the haz-
ardous target (M = 0.22, SD = 0.41) than comparison par-
ticipants (M = −0.19, SD = 0.25), F(1,29) = 11.05, p < .005, 
ηp

2 = 0.27. There was no efect of hazard type or interaction 
between hazard type and group. Entering VIQ as a covari-
ate did not alter this pattern of results. There was a signii-
cant correlation between time to irst ixation and hazard 
reaction time, r(29) = 0.38, p < .05, depicted in Fig. 1, indi-
cating that participants who took longer to irst look at the 
hazards also responded to them later. Table 2 also displays 
the mean reaction speed i.e. time between irst looking at 
the hazard and making a key-press response. There were 
no group diferences on this measure suggesting that there 
were no diferences between the groups in the time they 
took to respond to the hazard having oriented to it.

Previous research has shown that ixation durations tend 
to increase around the point of hazard onset, while the 
spread of ixations in the horizontal plane decreases around 

the same time suggesting attentional capture (e.g. Chapman 
and Underwood 1998a, b; Underwood et al. 2005). As seen 
in Fig.  2 there is a linear increase in mean ixation dura-
tions across the three time windows in the approach to haz-
ard occurrence for both groups.

There was an efect of time window on mean ixation 
duration, F(2, 56) = 80.95, p < .001, ηp

2 = 0.74 Post-hoc 
pairwise comparisons (Bonferroni corrected) revealed 
that mean ixation durations were longer for the precursor 
than the outside windows, and longer for the hazard win-
dows than the precursor and outside windows (all p < .001). 
There was no efect of group (ASD or comparison) or any 
interactions. Entering VIQ as a covariate did not alter this 
pattern of results.

The horizontal spread of ixations across all hazard 
types in the three time windows is displayed in Fig.  3. 
There was a main efect of time window on spread of 
ixations, F(2,58) = 49.82, p < .001, ηp

2 = 0.63. Post-hoc 
pairwise comparisons (Bonferroni corrected) revealed 
that the spread of ixations was greater for the outside 
than the precursor window (p < .005), for the outside than 
the hazard window, and for the precursor than the hazard 
window (both p < .001). There was a main efect of haz-
ard type, F(1,29) = 4.61, p < .05, ηp

2 = 0.14, where spread 
of ixations was greater for clips with social hazards 
(M = 121.16, SD = 17.41) than clips with non-social haz-
ards (M = 112.76, SD = 20.25). There was also an interac-
tion between window and group, F(2,58) = 4.08, p < .05, 
ηp

2 = 0.12. Further analyses showed that the source of the 

Table 2  Mean time to irst ixate and speed of reaction to social and non-social hazards in ms (SD in brackets)

First ixation social First ixation non-social Reaction speed social Reaction speed non-social

ASD (N = 15) 2103.99 (616.14) 1876.12 (199.85) 2711.57 (759.71) 3657.37 (1010.83)
Comparison (N = 16) 1797.08 (589.64) 1464.74 (115.98) 3186.60 (786.69) 3630.03 (1022.71)

0.6

0.8

1

1.2

1.4

1.6

1.8

2

-1 -0.5 0 0.5 1 1.5

Reac�on �me/ 

transformed z 

scores

Time to first fixate hazard/ z scores

Fig. 1  Hazard reaction time plotted against time to irst ixate the 
hazard (both plotted as z-scores), with regression line

Fig. 2  Mean ixation durations (in ms) for individuals with and with-
out ASD in outside, precursor and hazard time windows (error bars 
show the standard error)
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interaction was diferences in the reduction in spread of 
ixations across time windows within each group. While 
the ASD group showed a reduction in spread of ixations 
between both the outside and precursor, and the precursor 
and hazard windows (all p < .005), the comparison group 
only showed a reduction in spread of ixations between 
the precursor and the hazard windows (p < .005). Similar 
results were observed with VIQ entered as covariate apart 
from the interaction between time window and group was 
no longer signiicant, F(2,56) = 2.05, p = .138, ηp

2 = 0.07 
suggesting that the above mentioned interaction may partly 
be accounted for by group diferences in verbal IQ.

Behavioural

All participants gave reasonable descriptions of the haz-
ards they detected, in terms of the source and nature of 
the hazardous event. There was no diference between the 
groups in the number of social (Mdn: ASD = 8, Compari-
son = 8) or non-social hazards (Mdn: ASD = 8, Compari-
son = 9) correctly identiied or for both types combined 
(Mdn: ASD = 17, Comparison = 18). For hazard reaction 
time there were no main efects or interactions, although 
the diference between groups approached signiicance, 
F(1,33) = 2.84, p = .101, ηp

2 = 0.079, indicating a trend 
towards those with ASD (M = 0.26, SD = 0.90) respond-
ing more slowly than comparison participants (M = −0.16, 
SD = 0.70). Including VIQ as a covariate did not alter his 
pattern of results.

Relationships with AQ Scores and IQ

The AQ was used in this study to gain an indication of the 
amount of autistic traits the participants had, both those 
with a pre-existing diagnosis of ASD and the comparison 
participants. Measures of IQ were taken as an indication of 
the cognitive ability levels of the groups. Table 3 displays 
correlations between the various eye-tracking and behav-
ioural measures presented in the previous sections, AQ and 
IQ. There was a signiicant correlation between AQ scores 
and time to irst ixate the hazard (z-scores) indicating that 
individuals higher in autistic traits tended to look at the 
source of the hazard later than those lower in autistic traits. 
AQ scores also correlated signiicantly with (transformed 
z-scores) hazard reaction time, suggesting that those higher 
in autistic traits tended to respond later to hazards than 
those with lower AQ scores. AQ scores showed a marginal 
negative correlation with hazard perception accuracy, indi-
cating that individuals with higher levels of autistic traits 
tended to correctly identify fewer hazards than those lower 
in autistic traits. None of these measures correlated signii-
cantly with any of the IQ indices.

For each participant the mean spread of ixations during 
the precursor window was subtracted from the mean spread 
of ixations during the outside window, and similarly, the 
spread of ixations during the hazard window was sub-
tracted from the mean spread of ixations during the out-
side window. Likewise for each participant the mean ixa-
tion duration in the outside window was subtracted from 
the mean ixation duration in (a) the precursor window and 
(b) the hazard window. This yielded variables that relect 
the change in ixation duration and spread of search occur-
ring across the course of the videos. These variables did 
not relate to AQ scores but there was a signiicant negative 
correlation between verbal IQ and the change in horizontal 
spread of ixations between the hazard and precursor win-
dow. Individuals with lower verbal ability tended to show a 
greater narrowing in spread of search during the precursor 
window than those of higher verbal IQ.

Discussion

This study provided evidence of atypical attentional pro-
cessing of driving hazards in individuals with ASD. Indi-
viduals with ASD did look at the relevant parts of the 
scene; however comparison participants ixated the source 
of the hazard earlier than the ASD group. In addition, the 
time taken to look at the source of the hazard once it had 
started to develop correlated with AQ scores, suggest-
ing that those who have more autistic traits (whether or 
not they have a diagnosis of ASD) are slower to orient to 
driving hazards. There were no accuracy or reaction time 
diferences between social and non-social hazards, suggest-
ing these diferences may not be speciic to social stimuli. 
Importantly, the time that elapsed between orienting visu-
ally to the hazards and responding with a key-press did not 

Fig. 3  Mean horizontal spread of ixations (in pixels) for individuals 
with and without ASD in outside, precursor and hazard time windows 
(error bars show the standard error)
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difer between groups, and did not relate to AQ scores. This 
suggests that once a hazard was ixated on it was responded 
to just as quickly. Together these indings suggest that 
slowness in responding to hazards in individuals with ASD 
or with autistic traits may relate more to a failure to orient 
to them early than to not understanding their signiicance or 
diiculties in formulating a response.

As longer times in ixating the source of the hazard were 
not restricted to social hazards, a general processing expla-
nation is needed. One possibility is that the ASD group 
found it more diicult to shift their attention between dif-
ferent items in the scene (Courchesne et al. 1994; Leekam 
and Moore 2001) but this seems unlikely as the groups 
did not difer on number of ixations, spread of horizon-
tal search, or ixation duration during the outside window, 
prior to any hazard developing. Instead the results imply 
that participants with ASD had poorer search strategies. 
They may be less inclined to focus their attention on the 
components of the scene which are most likely to be the 
source of a hazard, perhaps due to having a poorer under-
standing of where a hazard might appear within a given 
environment. This is consistent with indings of Reimer 
et al. (2013), who measured eye movements during a simu-
lator drive. They report that participants with ASD tended 
to focus on sub-optimal parts of the environment, which 
might prevent them from gaining an early indication of 
rapidly changing situations on the roadway, including driv-
ing hazards. Another possibility is that the slowness to 
orient to hazards is due to a failure to prioritise attention 
to social information in a scene in individuals with ASD. 
Although the hazards involving other cars did not contain a 
visible human, the cars are nevertheless controlled by other 
humans and thus could be construed as social agents. Pre-
vious research suggests that typical adults readily attribute 
mental states to non-human agents, but people with ASD 
may be less inclined to do so (Castelli et al. 2002). Hence, 

it may be that participants with ASD were slower to ori-
ent to both hazard types because they are social in nature. 
On the other hand, previous research suggests that hazards 
that do contain a visible human are conceived of diferently 
from those that do not (Walker 2005) so the status of the 
non-social hazards is unclear.

Despite their delay in orienting to the hazard, par-
ticipants with ASD showed the typical increase in ixa-
tion duration during the precursor and hazard phases 
of the video clips consistent with previous studies with 
typically developing drivers (Underwood et  al. 2005). An 
increase in ixation duration in the approach to a hazardous 
event implies attentional capture. Consequently, it can be 
assumed that although those with ASD oriented to hazards 
slightly later, once they had done so they did perceive the 
imminent danger of the situation even within the precursor 
window. Therefore, there was no support for the suggestion 
that those with ASD did not apprehend the events taking 
place as dangerous.

An exploration of spread of search across diferent 
time windows of the hazard revealed distinct diferences 
between groups. Individuals with ASD showed a signii-
cant reduction in their horizontal spread of search between 
the outside and precursor stages, which was not observed 
in comparison participants. Further analysis suggested that 
this narrowing spread of visual search during the precur-
sor window in those with ASD may be accounted for by 
the diference between the groups in verbal IQ. Verbal IQ 
correlated negatively with the change in spread of search 
between the outside window (where the hazard had not yet 
started to develop) and the precursor window (where the 
hazardous event could be anticipated but had not yet taken 
place), while AQ scores were unrelated with this measure. 
Thus, the indings suggest that while slowness in orient-
ing to (and subsequently identifying hazards) may be asso-
ciated with having a diagnosis of ASD or autistic traits, 

Table 3  Correlations between 
eye-tracking and behavioural 
measures, Autism Spectrum 
Quotient (AQ) and IQ scores

All correlations are Pearson correlations apart from Hazard perception accuracy which used Spearman’s 
Rho
*Signiicant at 0.05 level
**Signiicant at 0.01 level
a Marginally signiicant (p = .053)

AQ VIQ PIQ FSIQ

Latency to ixate hazard 0.545** −0.233 −0.207 −0.256
Hazard reaction time 0.409* 0.036 0.114 0.081
Reaction speed 0.040 0.085 0.068 0.017
Hazard perception accuracy −0.333a 0.317 0.304 0.306
Change in spread of ixations (outside to precursor) 0.103 −0.487** −0.003 −0.247
Change in spread of ixations (outside to hazard) 0.011 −0.257 0.225 0.013
Change in ixation duration (outside to precursor) −0.061 0.234 0.154 0.212
Change in ixation duration (outside to hazard) −0.153 0.121 −0.024 0.040
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diferences in spread of attention may be associated with 
lower levels of verbal ability rather than an ASD diagnosis 
or having autistic traits.

This narrowing spread of search may relect greater 
attentional capture in those with lower verbal IQ. It is 
possible that those with lower IQ have fewer attentional 
resources (Hunt 1980) and so once they identify a potential 
hazard their attention is fully utilised processing it and they 
are unable to maintain a broader search. A wider ield of 
visual search may be strategic as it allows one to pick up on 
important information in the periphery, which can be criti-
cal in determining if the potential hazard is likely to actu-
ally transpire (Crundall et  al. 1999). Consistent with this, 
experienced drivers direct their attention broadly to parts of 
the environment that are most informative about potential 
dangers, whereas novice drivers tend to maintain a smaller 
ield of visual search perhaps also because of insuicient 
attentional resources (Underwood 2007). However, while it 
is reasonable to suggest that those with lower IQ may have 
more limited attentional resources, it is not clear why the 
narrowing spread of search related speciically to verbal IQ 
and not performance IQ.

The lack of group diference in accuracy in detecting 
hazards contrasts with a previous study that did observe 
diferences in accuracy between groups with and without 
ASD (Sheppard et al. 2010), although in the current study 
overall accuracy did correlate negatively with AQ scores. 
This discrepancy may be due to diferences in the video 
clips presented. In Sheppard et  al.’s study (2010) partici-
pants were not limited in the number of key-presses they 
could make per clip whereas in the current study, the eye-
tracking programme terminated the clip once a key-press 
was made. Therefore, to minimise false alarms, clips with 
only one clear instance of a hazard were selected which 
may have resulted in ceiling efects with respect to accu-
racy. This possibility appears to be supported by the obser-
vation of fewer key-presses to non-hazardous events in this 
than in the previous study.

While similarity in behavioural performance in this 
study appears promising for driver safety in those with 
ASD, the subtle attentional diferences observed in those 
with ASD in the current study might lead to poorer haz-
ard detection in  situations where demands are higher due 
to there being a number of potential hazards competing for 
attention, or where stress levels are higher due to the other 
simultaneous activities involved in real-life driving and the 
greater risks to the driver associated with making an error. 
Therefore, future research should also explore hazard per-
ception under high and low attentional loads, and condi-
tions closer to those experienced on the roads. Neverthe-
less, a video-based hazard perception test similar to the one 
used in this study forms part of driver licensing in several 
countries—therefore, it is important to understand the HP 

test performance of those with ASD as if they have dii-
culties this could present an obstacle to acquiring a driving 
license.

Finally, it is worth bearing in mind some limitations of 
the current research. Firstly, all participants were young 
adults who had not yet acquired their license. This popula-
tion was selected to be consistent with the previous study 
(Sheppard et al. 2010) and also to provide a baseline indi-
cation of ability in HP prior to any speciic training or expe-
rience that could inluence this skill. It is important to be 
aware that HP test performance in this study is unlikely to 
relect performance that would be observed after training/
practical driving experience for either group, and it would 
therefore be a priority to investigate these skills in experi-
enced drivers with ASD in future. Another limitation is that 
this study only recruited males. Although there is no par-
ticular reason to predict that task performance would difer 
for females, future research could include females with and 
without ASD to gain a more representative sample.

Additionally, the group with ASD was signicantly lower 
in verbal IQ than the comparison participants, although 
not in performance or full scale IQ. Although the majority 
of aspects of HP test performance were unrelated with IQ 
and IQ was covaried in analyses, there was some indication 
that changes in the spread of attention may relate to verbal 
ability. Hence future research should aim to clarify how IQ 
impacts attention while driving in both typical and atypical 
populations. A further limitation is that information about 
whether participants were medicated was not recorded in 
this study, and there is evidence to suggest that medica-
tion can improve driving performance in individuals with 
ADHD (Martin et al. 2008).

In sum, diferences between individuals with and 
without ASD were found in visual attentional processes 
deployed in a hazard perception task. Although behavioural 
measures (accuracy and reaction time) revealed gener-
ally comparable HP performance, eye-tracking indicated 
that participants with ASD were slower to irst ixate haz-
ards regardless of whether they were social or non-social. 
Those who were slower to ixate the hazards also tended to 
respond to them later, suggesting that slower HP test per-
formance in ASD may be associated with a diiculties in 
orienting to hazards. Once they had oriented to the hazards, 
those with ASD showed typical attentional capture as evi-
denced by longer ixations and reduced spread of attention, 
implying that participants with ASD were aware of the 
impending danger associated with the hazards. The results 
also suggested that those with lower verbal IQ narrowed 
their spread of attention more than those of higher IQ, per-
haps because they had more limited attentional resources. 
These subtle attentional diferences should be explored fur-
ther in order to understand their implications for on-road 
driving in those with ASD.
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