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ABSTRACT

People with an autism spectrum disorder (ASD) might experience difficulties while driving, e.g., hazard
perception issues. These difficulties may be related to cognitive difficulties (internal) such as attention-
shifting, sequential performance, and multitasking. Possibly related to these issues, some people with
ASD experience stress and anxiety while driving. Among other reasons, stress could relate to the
roadway environment and infrastructure design, e.g., sensory overload due to lighting conditions. Yet,
no study has examined the relationship between roadway environment and infrastructure and driving
experiences of people with ASD. This study aimed to (1) explore how people with ASD experience
roadway environment/infrastructure while driving (2) identify coping strategies to deal with interfering
elements related to roadway environment/infrastructure. Twelve persons (Mean age: 34.8, 66.7%
female) participated using semi-structured interviews to examine roadway environment/infrastructure
appraisal. The interviews were analyzed based on a phenomenological hermeneutical approach. Each
participant reported both positive (e.g., environment and infrastructure can be supporting, enhance
predictability) and negative appraisals (e.g., stress, anxiety) to roadway environment/infrastructure.
Various elements (e.g., light, noise, rush) caused additional pressure on (1) the driving performance
(e.g., driving too slowly, not noticing important elements), (2) their traffic analyzing skills (e.qg.,
overseeing new situations), (3) and the efficient application of traffic rules. The participants described
different coping mechanisms to deal with the influence of interfering elements; for example, alternative
transport means or adjusting behavior (e.g., switch off radio, early departure). This study is the first of
its kind to demonstrate that besides internal factors (e.g., attention), external factors like roadway
environment/infrastructure also influence the driving experience of ASD drivers, potentially leading to

driving-related stress and anxiety.
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1. INTRODUCTION
Autism spectrum disorder (ASD) is a commonly diagnosed neurobiological developmental disorder
(American Psychiatric Association, 2013). Adults with ASD have reported that they experience
emotional difficulties at the age of 21 as they transition from school to working life (Smith et al., 2012).
Among other causes, the experience of emotional issues could be related to problems with
transportation. In a study by Feeley et al. (2015), several people with ASD reported that they felt isolated,
depressed, and lack self-confidence due to their transportation problems. Driving is an important step
toward autonomy. It facilitates adults in finding a job, maintaining social relationships, and fulfilling an
individual’'s educational needs (Ellaway et al., 2003). The ability to drive contributes to the quality of life,
enhances psychological well-being, and creates opportunities in one’s daily life (e.g., work, healthcare,
etc.) (Chee et al., 2015; Feeley et al., 2015; Dickerson et al., 2007). Therefore, driving directly influences

the physical, social, and economic well-being of a person with ASD (Feeley et al., 2015).

1.1 Autism and driving
Cars are still the most common transportation mode in Belgium, especially for people who live and work
in rural areas where public transportation is limited (Vias institute, 2020). However, it is not always easy
to obtain a driver’s license for people with ASD (Feeley et al., 2015). Research showed that people with
ASD obtained their driver’s license significantly less often and later compared to neurotypical (NT) peers
(Curry et al., 2017; Feeley et al., 2015). In general, ASD drivers tend to adapt their responses slower to
several stimuli and are less flexible in modifying their reactions. Therefore, they will react less adequately
(Fournier et al., 2010), which can negatively influence their learning process as ASD drivers need more

time to learn to drive than NT drivers.

Literature on differences in driving behavior between ASD drivers and their neurotypical counterparts
has been increasing. They drive one day less per week, rate themselves as poorer drivers (Feeley et
al., 2015), and reported more self-reported crashes and violations (Daly et al., 2014; Classen et al.,
2013). Some ASD drivers tend to experience stress and anxiety while driving. The latter can also occur
when other drivers do follow the traffic rules, as ASD drivers are more rule-bound while driving (Chee et
al.,, 2015; Ross et al., 2018a, 2018b). When examining novice ASD drivers' attitudes, their parents
reported less positive and more negative attitudes towards driving from their children compared to
parents of NT peers. However, after receiving a training program, there was a significant increase in
positive attitudes (Ross et al., 2018a). Novice drivers with ASD also reported the process of learning to
drive as very stressful (Almberg et al., 2017; Chee et al., 2015). A mixed-method study by Ross et al.
(2018b) examined the learning experiences of young persons with ASD, their parents, and driving
instructors. The individuals with ASD reported multitasking, violating traffic rules, and reacting to
unpredictable situations as the most common problems. They experienced more stress and indicated
that they needed more time compared to NT peers. Concerning basic driving ability, an on-road study
by Chee et al. (2017) revealed that they are also worse at maneuvering, especially when turning left or
right and crossing a crosswalk. Yet, a driving simulator study by Ross et al. (2019) found no differences

between ASD and NT drivers in collisions, stops at traffic lights, and the standard deviation of the lateral



lane position (SDLP). Moreover, ASD drivers experience difficulties with hazard perception (Chee et al.,
2019; Sheppard et al., 2017). In some studies, issues with respect to social hazards were found.
Compared to NT drivers, they tended to point their attention slower towards social stimuli while driving,
and therefore they reacted slower to social hazards. No differences were found in reaction time to non-
social hazards (Bischop et al., 2017; Sheppard et al., 2010). Multiple studies reported decreased
executive functions (EF) in ASD drivers and link driving errors to executive functioning difficulties (Daly
et al., 2014; Brooks et al.,2016; Chee et al., 2019). A more recent study by Ross et al. (2019) indicated
lower working memory and attention performance compared to NT drivers. However, they showed that,
even though they performed worse on the EF-tasks, once the people with ASD learned how to drive,
they could be considered capable drivers. Thus, the relationship between autism and driving does not
automatically have to be negative. For example, while some ASD drivers experience driving as a
stressful and challenging activity, others also experience a feeling of freedom and independence as they
are driving. As another example, the above-mentioned rule-boundness was mentioned as a positive
asset by driving instructors (Feeley et al., 2015; Almberg et al., 2017, Cox et al., 2020; Ross et al., 2015,
2018, Cox et al., 2020; Lindsay, 2017). The mix in negative and positive relations between ASD and
driving (ability) reflects our target group's essential characteristic. Indeed, it is important to keep in mind
that ASD is a spectrum diagnosis, with individual and ASD-related characteristics varying within and

between individuals (Ross et al., 2015).

1.2 Autism and roadway environment and infrastructure
Although negative attitudes, anxiety, and stress are recurring disturbing factors in the driving
experiences of ASD drivers, little is known about what specifically influences and contributes to these
problems. Roadway environment and infrastructure could be possible contributors to these problems.
Previously, multiple quantitative studies have investigated how people with autism react and behave to
certain roadway elements (Remington et al., 2012; Vanmarcke, 2017; Chee et al., 2019; Reimer et al.,
2013; Wade et al., 2016; Elwin et al., 2016;Feeley et al., 2015). However, they did not intend to focus
on the appraisal of roadway environment and infrastructure. Instead, they focused on other topics such
as gaze patterns, hazard perception, executive functioning, etc. Based on these studies, we can make
assumptions about how and why people with ASD react to certain roadway environment and
infrastructure elements. However, to this date, no study has researched which specific roadway
elements hinder and facilitate ASD drivers, how they experience certain elements, and how they cope

with difficult situations.

We propose that, among others, stress and anxiety could be negatively influenced by roadway
environment and infrastructure design. The current paper uses the terminology as proposed by Castro
(2008) regarding roadway environment and infrastructure. She suggested making a distinction between
environment and infrastructure as external factors while driving. The environment consists of all the
elements located on and beside the road (e.g., road users, trees, lights, houses, etc.). The infrastructure
consists of physical elements that are part of or related to the road (e.g., roundabouts, road markings,

etc.). Both the environment and the infrastructure can influence driving behavior. In the next paragraphs,



we will focus on the autism-related characteristics and their relation to the experiences and appraisal of

roadway environment and infrastructure.

Firstly, people with autism have a higher perceptual capacity than non-autistic persons. They can
process more information from a scene, but they also find it harder to filter the irrelevant items. They are
more easily distracted by irrelevant stimuli, such as flashing lights or sounds (Remington et al., 2012).
These difficulties exacerbate when complex information is being presented at a fast pace. People with
ASD frequently cope with this by processing all the details of the environment separately rather than
processing it as a whole, which can cause dangerous driving situations (Vanmarcke, 2017). ASD drivers
also tend to fixate and spend more time scanning the central visual field and do not focus on other fields
where a potential risk may occur (e.g., parked cars on the left side of the road) (Chee et al., 2019;
Reimer et al., 2013). However, it is suggested that, after ASD drivers receive training, they are also able

to have proficient scanning patterns (Wade et al., 2016).

People with autism frequently report sensory processing problems, such as hyper- and hypo-reactivity
(Chien et al.,, 2019, American Psychiatric Association, 2013). Hyperreactivity is characterized by
experiencing intense reactions to sounds, touch, and visual stimuli (Grandin & Scariano, 2005). This
can lead to high-stress levels and can often cause sensory overload reactions (Smith & Sharp, 2013;
Top et al., 2019). Such sensory overload reactions happen when a person receives more input from
their senses than what their brain can process or when he/she feels emotionally or physically
overwhelmed (Stewart et al., 2009). Because of their delicate sensory system, most people with ASD
get easily overloaded. However, the triggers are different for every person (Crane et al., 2009;
Mikropoulos et al., 2020). However, others suffer from hypo-reactivity problems where they react less
intensely to certain stimuli than neurotypical persons (Elwin et al., 2013). Elwin et al. (2016) suggested
that due to the hypo-reactivity, people with ASD might miss information in the environment. Both hyper-
and hypo-reactivity can influence the experience and appraisal of roadway environment and
infrastructure. Drivers might experience particular elements as too intense and therefore causing stress
and anxiety. On the other hand, they might not react adequately to certain stimuli because they miss

crucial information from the environment and infrastructure.

According to Vermeulen (2009 & 2015), many of the obstacles that people with ASD experience in their
daily lives are attributable to difficulties with contextual sensitivity or ‘context blindness.” People with
ASD experience difficulties in using context when giving meaning. The theory has emphasized the weak
central coherence hypothesis (Vermeulen, 2009). Central coherence is the ability to integrate
information in context for higher-level meaning (Frith & Happé, 1994; Booth & Happé, 2010). To give
meaning to a situation while driving, drivers need to use information from both themselves and the
environment (Feeley et al., 2015). However, this might not be easy for ASD drivers, as they might not
give enough weight to important elements and give too much weight to unimportant details (Vermeulen,
2015). You are approaching a traffic light, and the light turns to orange. This is a warning that the red

light is about to turn on and that you should stop if it is safe to do so. The appropriate reaction to that



orange light depends on the context: the following distance from the car behind you, your distance to
the traffic lights, the speed you are going, etc. In other words, you have to use the context to decide
what the appropriate action is, continue, or stop. Because people with ASD experience difficulties with
using the context when giving meaning, they might be inclined to stop while continuing to drive would
have been the better option, for example, if they needed to brake harshly due to the imminent transfer
from the orange to the red phase.

Context blindness is also linked to theory of mind and executive functioning. Theory of mind is the ability
to comprehend mental states from others to explain and predict their behavior (Baron-Cohen, 1995).
Vermeulen (2015) suggested that theory of mind problems in people with autism arise from difficulties
in using the context to actively read others’ mental states rather than specific deficits in mind reading.
Executive functioning (EF) skills are the higher mental processes that enable us to plan, form abstract
concepts, stay focused, etc., to self-monitor our behavior (Liss et al., 2001). People with autism
experience deficits in specific EF areas: attention shifting, planning, and cognitive flexibility (Hill, 2004).
When understanding others’ behavior, taking the context into account is crucial (Klin et al., 2003).
However, it is equally important in guiding one’s behavior. People with ASD might experience
impairments in social interaction resulting in difficulties in using the context to interpret others and guide
their behavior (Vermeulen, 2015). In conclusion, we suggest that the experienced problems with
contextual sensitivity can influence the appraisal of roadway environment and infrastructure in ASD
drivers. They create difficulties in correctly understanding, using, and giving meaning to the context and

environment.

1.3 Aims of the study
As stated above, it is important to describe experiences and insights from the participants’ viewpoint.
Therefore, by using a qualitative interviewing method, we aimed to obtain a comprehensible picture of
the experiences, insights, reactions, and thinking patterns of ASD drivers, taking their viewpoint into
account (Watkins, 2012). Therefore the current study aimed to:

1) Explore how drivers with an autism spectrum disorder experience certain elements of the

roadway environment and infrastructure.
2) ldentify potential coping strategies used to deal with interfering roadway environment and

infrastructure elements.

2. METHOD
No specific research focusing on roadway environment and infrastructure and ASD drivers has been
conducted; therefore, the research questions were studied using an exploratory qualitative research
method. The research focuses on the appraisal of roadway environment and infrastructure by drivers
with ASD. To investigate this appraisal, the current study used a qualitative research design with a
phenomenological hermeneutical method. Qualitative research enables the researchers to describe
experiences and insights from the participants’ viewpoint (Kielhofner, 2006). "The phenomenological

hermeneutical method is used for researching lived experiences. It centralizes the participant’s



subjective experiences by letting them tell how they experienced specific situations. It can be used for

research to explore people's perception of reality” (Lindseth & Norberg, 2004).

2.1 Participants
The current study aimed to include adults with autism who had already obtained their definitive driver’s
license or those with a learner’s permit with at least 20 hours of driving experience. This to avoid effects
from the learning to drive process, as this can influence their experiences with roadway environment
and infrastructure. Participants were recruited through convenience sampling. As a result of the
voluntary participation, all participants were screened through criterion sampling to obtain a purposive
sample. The following inclusion criteria were used:

- An official autism spectrum disorder diagnosis (e.g., autistic disorder, Asperger disorder,
childhood disintegrative disorder, and pervasive developmental disorder not otherwise specified
(PDD-NOS) (Maenner et al., 2014)).

- A score of 32 or higher on the Autism-spectrum Quotient (AQ-50): All participants were
diagnosed with autism in the past. However, as a double-check, we only included people with
a current clinically significant level of autistic traits. A cutoff score of 32 is required (Baron —
cohen et al., 2001).

- Dutch speaking,

- Lack of intellectual disability.

- In possession of a learner or permanent driver's license (when in possession of a learner’s
permit: at least 20 hours experience).

- Drive at least once a week.

Participants were informed about the study by sending an informative poster via e-mail to organizations
that work with people with ASD daily (e.g., Autism Centraal, Autisme Limburg vzw, etc.).The poster
included a link to a questionnaire where potential candidates could register to participate in the study.
The questionnaire included the AQ50 and a few questions about their driver profile (e.g., driver’s license,
kilometers per week, ASD diagnosis, and 17 years or older.). To obtain a purposive sample that
represents the target group as closely as possible, a new mail was sent to obtain extra data (e.g., place
of residence, date of birth, and date when they obtained their driver’s license). The new data enabled
the researchers to select participants intentionally. Candidates that did not reply after one week received
a reminder e-mail. No number of desired participants was established, as this depended on when
saturation was reached (Morse, 1995).

2.2 Materials

2.2.1  Autism-spectrum Quotient (AQ-50)
The Autism-spectrum Quotient is a self-reported questionnaire to determine to what extent an adult with
ASD experiences autistic traits. The instrument consists of 5 domains that are questioned through 50
guestions, with a total score ranging between 0 and 50 (i.e., cutoff score: 32). The five domains are

social skills, attention switching, attention to detail, communication, and imagination. Each question gets



a score of one point if the respondent records the autistic-related behavior, either mildly or strongly, on
a four-point scale (Baron-cohen et al., 2001). The Dutch AQ-50 version's internal consistency was found

good (a = 0.71), and test-retest reliability was satisfactory (Hoekstra et al., 2008).

2.2.2 Interview guide
One researcher executed the data collection pre-COVID, which was guided by a semi-structured
interview and accompanying photos that supported the in-person interview. The interview guide (see
Appendix 1 for a copy of the full interview guide) was developed in collaboration with two other
researchers. It included several key concepts regarding roadway design, environment, and
infrastructure. The guide is a scheme with open-ended questions, which allows for flexibility of the
interviewer. It assisted the researcher in structuring the interview and questioning all the fields of interest.
Those fields of interest were the facilitating factors and barriers in roadway environment and
infrastructure, the level of disturbing influences of environmental and infrastructural factors on their
driving experiences, and the coping strategies which ASD drivers use. However, people with autism can
experience difficulties in answering open-ended questions (Frith, 1989). Therefore, accompanying
photos were used to support the interview and the participants by providing them with examples. The
interview guide was piloted with two persons with ASD (in possession of a driver’s license) before the
actual experiment started. The accompanying photos, 14 in total, were aimed at representing the
Flemish (i.e., the Dutch-speaking part of Belgium) road context as closely as possible. The photos
included roundabouts, road narrowings, cyclists on the road, speed bumps, road surfaces in poor
condition, a steep bend, intersections (with and without traffic lights), a quiet street in a residential area,

traffic in city centers, a traffic jam on the highway and a streetcar on the roadway.

2.3 Procedure
Before selecting the final participants, all potential participants were asked to complete a Dutch online
version of AQ-50. After participants completed the questionnaire, they were contacted for participation
so they could choose the date and location of the in-person interview. They also had to confirm that they
scored 32 or more on the AQ-50 as this was one of the inclusion criteria. All participants choose their
own homes as the interview location. Communication was done through e-mail. Before starting the
interview, all participants signed an informed consent, which contained: background information, the
aims and description of the study, the duration, a declaration of voluntary participation, the risks, a
declaration of privacy protection, and contact details. Recordings were made with a mobile phone, and
a verbatim transcription was made in Microsoft Word® with Express Scribe Transcription Software Pro®.
Based on the researcher’s notes, a member check (i.e., asking for verification of the interview findings)
was sent to the participants (Thomas & Magilvy, 2011). Each participant needed to confirm these

findings.

2.4 Data and quality criteria

2.4.1 Data gathering and analysis



Interviews were conducted and analyzed until the first researcher, an occupational therapist, could not
find new information regarding the research topic (saturation) (Morse, 1995). The phase of data
collection and data analysis were intertwined. In the beginning, a few interviews were conducted and
thereafter analyzed. The same researcher always did the analyses and, after that, they were checked
by two senior researchers. Based on the analyses, the interview guide was adapted by the research
group. For example, if a question was too difficult to answer (e.g., scale questions), they were adjusted
or removed. As the interviews progressed, these analyses became more frequent because saturation
was almost reached. All the data were analyzed by NVivo 11 by one researcher, and two members of
the research team, a psychologist and a physical therapist, checked the analyses. The interviews were
transcribed ad verbatim and analyzed based on the phenomenological hermeneutical method by
Lindseth & Norberg (2004). The researcher stayed as close as possible to the original text while
analyzing the data without interpreting the made (phenomenological) statements. Thereafter, the (main)

themes were interpreted from the participant's perspective and experiences (hermeneutical).

The phenomenological hermeneutical method consists of three steps. In the first step, a naive reading
is executed by the researcher. To this end, the researcher reads the text, and member checks several
times to grasp its meaning as a whole. After that, a naive understanding can be formulated as an initial
assumption, which is not yet confirmed by a structural analysis. A thematic structural analysis will be
used in the second step to analyze the interview in four steps. (1) The data transcript consists of wholes
that convey just one meaning (e.g., a sentence, a paragraph, etc.), i.e., meaning unit. (2) The core of
the meaning-unit will be expressed in colloquial language, i.e., condensation. Thereafter, subthemes
will be formulated, consisting of iterations in the interview or similar condensation made throughout the
interview. The main themes were formed by connecting subthemes. (3) Lastly, a comprehensive
understanding is formulated by combining the proposed main themes and reflect them in relation to the

research questions (Lindseth & Norberg, 2004).

2.4.2  Quality criteria
To obtain reliable results within qualitative research, Lincol & Guba (1985) propose a model of
trustworthiness. The model exists of four elements: credibility, transferability, dependability, and
confirmability. Sending a member check to the participants, doing a verbatim transcription, and including
citations enhance the research's credibility. Using intentional sampling, setting strict inclusion criteria,
and describing sufficient participant characteristics allows researchers to decide whether the results are
transferable to other ASD drivers. Dependability is transparently displaying the research process (e.g.,
NVivo 11, Express Scribe Transcription Software Pro, etc.), correctly reporting the method and data
collection, and discussing the results. The last key element in obtaining reliable results is confirmability.
In this study, the confirmability was increased by using citations and giving specific examples. Another
important aspect of guarding the quality of the study is the concept of reflexivity. The researcher needs
to be aware that his or her perceptions and experiences can influence the results. These influences
might affect data gathering and analyzing processes. Therefore, the researcher has to take the model

of trustworthiness into account during the whole research process (Thomas & Magilvy, 2011).



3. RESULTS

3.1 Sample selection
Figure 1 shows a flowchart of the selection process. Each potential participant received an e-mail in
case they were excluded. The 11t interviewed participant did not add any new information that
contributed to the research aims. A 12t participant was interviewed as a control but added no further
information. Thereafter, we concluded that saturation was reached after 12 interviews. Only drivers with
a permanent driver’s license were included because no one with a learner driver’s license applied to
participate in the current study?. Adults between 31 and 39 years of age were included in the current

study. Table 1 gives an overview of the demographic characteristics of the participants.

During the data collection, the interview guide is modified based on the mentioned themes because of
this study's exploratory character. The original guide included two scale questions where participants
had to give a score between 0 and 10 regarding the influence of roadway environment and infrastructure
on their driving behavior. After conducting approximately two-third of the interviews, it became clear that
these questions had no added value. Participants reported that they experienced difficulties with
answering these questions as they were not specific enough. Therefore, these were removed.
Consequently, these questions' results were not usable and, therefore, not used in the analysis.
Similarly, additional questions were added based on participants’ feedback (e.g., coping with detours,

driving in the dark, noise, etc.).

Exclusion based on:

Participants with completed online - Incomplete questionnaire (n=4)
questionnaires (n=69) Not interested (n=1)

- No ASD diagnosis (n=2)

No provisional driver's license (n=14)

AQ50-score < 32 (n=16)

Currently not driving (n=2)

Intellectual giftedness (n=2)

Distance (The Netherlands) (n=2)

Age > 40 (n=13)

Y

&
<
[

Inclusion through criterion
sampling (n=26)

4

Exclusion based on:

Y - No reaction after reminder (n=9)
- Personal reasons (n=1)
Definitive sample (n=12) - Saturation (n=4)

Figure 1: flowchart selection process



Participants (n=12)
Gender, n (%)
Female 8 (66.7)
Male 4 (33.3)
Age, X+s 34.8+2.8
Range 31-39
Diagnosis, n (%)
ASS 5(41.7)
ASS and comorbidity 7 (58.3)
ADHD 3(25)
OCD 2 (16.7)
Anxiety and depression disorder 2 (16.7)
Age ASS diagnosis, X +s 29.8+6.3
AQ-50 score, X+s 37.4+42
Driver’s license
Car 10 (83.3)
Car and others 2 (16.7)
Age obtaining a driver’s license, X +s 19.2+1.3
Kilometers/week, X *s 248.9 + 228.2
Duration interview, X s 59.8 + 10

Table 1: Demographics participants

3.2 Exploratory results

3.2.1 Naive understanding

A first member check was completed on the spot by summarizing what the participant had said several
times during the interview. At the end of each interview, the interviewer made another global summary,
which was then confirmed or corrected by the participant. We sent a second member check to the
participant after conducting their interview. Nine participants confirmed their findings; three did not yet.
The first assumptions were formulated after carefully reading the member checks and interviews.
Participants reported stress, anger, and frustration as the primary emotions that they experienced while
driving. Factors that influenced these emotions were crossroads, roundabouts, road cracks, road curves,
road narrowing, speed bumps, and other road obstacles. Other factors that complicated driving were
noise, lights, and driving in the dark. Advertising signs and other eye-catching items distracted them the
most. However, roadway environment (e.qg., traffic signs) and infrastructure (e.g., road markings) did not
always negatively influence the driving experiences of ASD drivers. It could also support ASD drivers
under certain conditions: (1) signing consistency, (2) clarity, (3) uniformity, (4) properly indicated, and
(5) the situation had to be logical and clear. The ASD drivers reported difficulties with understanding and
predicting other road users. Multiple participants reported that everyone experiences both the positive
and negative factors in a unique way. In general, the more distracting items presented while driving, the
more attention required, the more concentration needed, and the more the driver experienced the drive

as exhausting. Their main coping strategies to deal with challenging roadway environment and

Lnitially, the research team intended to include young-adults (age 17—30), building further on previous studies that
mostly included novice and/or young-adult ASD drivers. However, no participants within this age range applied for
this study. As a result, the age range was expanded to adults in general. This was justifiable, as our research
questions did not include age as a variable of interest. Therefore, in the end, participants were recruited through
convenience sampling, leading to the age range between 31 and 39 years in the current

study. 10



infrastructure situations were driving slower and more carefully, using public transport, or driving along
as a passenger instead of driving themselves.

3.2.2 Thematic structural analysis

After creating a naive understanding, the interviews were analyzed according to the thematic structural
analysis. Table 2 shows examples of the way of analyzing.

Meaning unit Condensation Subtheme Theme

“...when the  sun
shines, and you have
some streets where the
sun shines through the
trees or something like
that...”

“...you cannot see
much already..., you
can only see like a few
meters in front of you...
and that causes
stress...”

Flashes of light through  Light distracts
trees are exhausting

Lighting is an important
distracting element
while driving

Indistinctness in
dark causes stress

the Driving in the dark is
difficult

It is less distracting but
more challenging to
drive in the dark

Table 2: Examples of thematic structural analysis

Table 3 offers a summary of the main themes and the sub-themes that were identified by analyzing the
data. The main themes are placed in the left column. The right column contains sub-themes that were
most frequently discussed.

Subthemes

- Feeling safe while driving due to the roadway infrastructure (RI)
- Feeling calm due to the clarity of the RI while driving

- Feeling calm while driving due to the roadway environment (RE)

Main theme

1. Positive feelings while
driving due to roadway
environment and
infrastructure elements
(n=12)

2. Negative feelings while

- Stress and insecurity while driving caused by the RE

driving due to roadway
environment and
infrastructure elements

- Stress and insecurity while driving caused by the RI
- Stress and frustration while driving due to the RE
- Frustration while driving due to the RI

(n=12) - Confusion while driving due to Rl ambiguities

- Confusion while driving due to the RE

- Fear and feeling unsafe while driving due to the RI

- Fear, stress, and feeling unsafe while driving due to the RE

- The unpredictability of other road users complicates driving

- Feeling uncomfortable caused by other road users

- Frustration caused by the behavior of other road users

- Street lighting is an important disturbing element while driving
- Noise disturbs while driving

- Difficulties with driving in the dark

3. Negative feelings while
driving due to other road
users (n=11)

4. Factors that complicate
driving (n=12)

Lnitially, the research team intended to include young-adults (age 17—30), building further on previous studies that
mostly included novice and/or young-adult ASD drivers. However, no participants within this age range applied for
this study. As a result, the age range was expanded to adults in general. This was justifiable, as our research
questions did not include age as a variable of interest. Therefore, in the end, participants were recruited through
convenience sampling, leading to the age range between 31 and 39 years in the current

study. 11



- Disturbing elements in the RE

. Inefficient application of
traffic rules caused by
complex traffic situations
(n=10)

- Traffic rules are important, but other road users do not comply with
these rules

- Creating dangerous situations due to complicated traffic situations
- There must be logic in the traffic

- Lack of uniformity in traffic rules and reflection in the traffic

. Rush and chaos pressure
the driving performance,
information processing,
and observation process
(n=12)

- Multiple elements distract while driving

- Selecting the right elements in a chaotic environment is stressful
- Driving behavior and driver are pressured by thoughts and chaos
on the road

- More attention needed in complex situations

- Driving is exhausting due to crowded situations

. Experience and
automatization (n=10)

- Experience is important
- Driving is an automated behavior
- Experience in driving differs between individuals

. Adapting behavior to
different traffic situations
(n=12)

- Adapting the driving style to the environment and situation
- Eliminating stimuli

- Creating predictability

- Using distracting elements as a tool

. Using alternatives to get
around (n=5)

- Using alternative means of transport
- Trusting other people as a driver

- Taking a passenger along

10. Avoidance behavior in
specific traffic situations
(n=8)

- (Temporary) avoiding driving
- Avoiding situations in certain circumstances

Table 3: Main and subthemes derived from the analysis

When comparing the main themes and themes with the naive understanding for validation purposes,

the structural thematic analysis confirmed the naive understanding.

Theme 1. Positive feelings while driving due to roadway environment and infrastructure
elements

Each participant reported that some roadway environment and infrastructure elements could help them
feel safe and calm while driving. The roadway infrastructure can create a safe feeling (e.g., speed
bumps, separate bike paths). Both roadway environment (e.g., traffic signs, lighting in busy places,
instructions above the highway, etc.) and infrastructure (e.g., clear roadway markings, roundabouts with
one lane, etc.) can create calmness as they provided clarity for the drivers. Table 4 offers a complete
overview of the roadway environment and infrastructure elements that evoked positive feelings while

driving, as reported by the participants in the current study.

R.A.: “Or like the bike paths, it is safer when they are separated, but that is also more clear. However,

this is my own opinion. | think that they should do this here as well.”

Environment
Well-lit intersections
Not using abbreviations on traffic signs

Infrastructure
Road Markings
Traffic signs painted on the road
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Yield line/give-way line Consistently indicating the direction

Road centerlines Clear separation between what is on the road
and what is beside the road

Designated parking spaced Traffic lights

Intersections with arrows painted on the ground | Only limit to essential traffic signs

Scramble intersections Mile markers with speed indication

Roundabouts with one lane Unambiguity of traffic signs

Reflecting roadway markings Well-maintained roads

Separated bike paths Lighting in busy places

Quiet asphalt Instructions above the highway

Separated public transport lanes

Speedbumps

Clear roadway markings

Table 4: Overview of elements that evoke positive feelings while driving

Theme 2: Negative feelings while driving due to roadway environment and infrastructure
elements

All participants reported stress and insecurity due to the roadway environment (e.g., traffic jams, passing
by other drivers, etc.) and infrastructure (e.g., road narrows, crossroads). Participants sometimes
perceived the roadway infrastructure as confusing. Parking their car caused stress for most of them as
they had to take many factors into account (e.qg., rules, other drivers, not being able to find a parking
place, etc.). Especially situations where participants had to depend on others made them feel insecure
and anxious. For example, a crossroad without traffic lights where they had to rely on the other road

users to notice the traffic signs and road markings so they would be able to stop on time.

R.S.: “Oh yes, that road narrowing makes me frustrated because it means that the road will be too small
for two cars, so when the other car comes from the other direction, and | cannot see that because of too
high corn plants, then | already know that | will not be able to continue and I will have to go aside, and
there are puddles on the sides, and | don’t know if that is a brook and that stresses me out.” (Error!

Reference source not found.)

Roadway environment elements that created stress and frustration were related to pedestrians'
invisibility in the dark and detours. These elements were perceived as being confusing and lacking
conspicuity. Roadway infrastructure created frustration as well. Nine participants perceived speed
bumps as difficult because of their shock when entering and exiting; it broke their drive's rhythm. Using

different materials, colors, heights, etc., in the roadway design was confusing to them.
J.S.: “find speedbumps very annoying; | am always worried that | will drive my car to pieces there. And
you always have to slow down for them ... and then you are out of your rhythm. ... and that scares and

frustrates me.”

Especially ambiguity in the road infrastructure created confusion in ASD drivers. Clear roadway

markings could create calmness. However, these markings could be perceived as unclear and confusing
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(e.g., difficult to see when it rains, difficult to read, etc.). Ambiguity, when using their GPS because of

the large number of stimuli they received while driving, led to additional confusion and stress.

D.L.H.: “When driving on a large roundabout, | just do something, but when there are cars in front or
behind me, and | do something wrong, or I don’t know where | have to go because it is not clear, then |
get really frustrated and | if | could, | would immediately pull over my car and get out!” (Error! Reference

source not found.)

Lastly, ASD drivers experienced roadway infrastructure as scary and unsafe. Road cracks made them
anxious because of the cracks, their sound, and previous negative experiences. Road curves provoked
unsafe and anxious feelings as they can induce a sense of losing control. Besides the roadway
infrastructure, the roadway environment also made them feel anxious and unsafe. Especially other
pedestrians, bikers, and parked cars were mentioned as the ASD drivers were afraid of getting involved
in a crash with them. Lastly, unknown and crowded situations made people with ASD feel anxious and

unsafe as well.

S.A.: ‘It is about new situations; for me, that is always a bit stressful, and then | need someone sitting

next to me, and | don’t get used to it quickly. | notice that | don’t get used to it soon.”

Theme 3: Negative feelings while driving due to other road users

Each participant, except for one, reported that other road users (i.e., roadway environment) made them
feel uncomfortable and frustrated. The unpredictability of other road users can make driving a difficult
task. Some ASD drivers experienced difficulties in predicting others’ behavior and their intentions.
Estimating other roadway users their distance was perceived as challenging as well. Roadway
infrastructure can contribute to these feelings of frustration and discomfort (e.g., roundabout, road
narrowing, etc.). The higher the number of other road users present in the roadway environment, the
more uncomfortable feelings the ASD drivers experienced as they felt like they had less control over the
situation. ASD drivers also experienced frustration due to the behavior of the other drivers. They
perceived others as aggressive and individualistic. Other drivers did not obey the rules, and therefore,

they can be considered dangerous.

S.B.: “Yes, of course, the less traffic there is, the less you have to do, like taking everything into account,
of course, the more calm and comfortable | am.”

Theme 4: Factors that complicate driving

All participants reported sound and lighting as complicating factors while driving. Sounds can hinder
them while driving (e.g., trains, air conditioning, sound of the car, etc.). All participants emphasized their
need for silence and quietness while driving. Lighting or illumination could be fatiguing when drivers
constantly had to switch between lit and unlit parts. A stroboscope effect (e.g., sun shining through trees)

and too much street lighting could be tiring as well. Not only was street lighting indicated as fatiguing,
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but also car lights, Christmas lights, the flash of a speed camera, and neon signs. The ASD drivers
experienced driving in the dark as difficult because many roadway environments and infrastructure
elements were not clearly visible. On the other hand, they were less affected by other elements that can
be considered distracting in daylight. Participants also reported difficulties with detecting signs above
the road or that were not located in their visual field. They would often miss these signs, which hindered

them (e.g., taking the wrong exit, driving too fast, etc.).

P.G.: “No, it just bothers me, and then if there is a sound and | know that it comes from my car, then this
has to stop, then | want to find where it comes from, but you don’t always have the possibility to look for
that, or it is rattling in the trunk. Then I try not to pay attention anymore to it, but | listen to it anyway, and

that distracts me, and | don’t want that.”

D.L.H.: “l always find it more difficult to drive in the dark because | can’t see the road markings, or | don’t
see them. ... When it is dark, and it rains, | just drive somewhere, but yeah, | find it so unclear and so
chaotic that | don’t know what Is expect of my driving anymore. For the rest, when it is dark, you don’t
see the signs that good anymore, and when there are also neon lights, no, then | am 10 times more
distracted.”

Theme 5: Inefficient application of traffic rules caused by complex traffic situations

Ten out of twelve participants reported that they got frustrated when road users did not obey the traffic
rules. They reported that the discrepancy between traffic rules and other road users' execution is too
high. The traffic code is reported as an important guide as it provided clarity and structure. Moreover,
ASD drivers experienced difficulties in analyzing new or complex traffic situations. They only focused
on specific elements. This could result in unsafe driving behaviors (e.g., driving slower, sudden stops,
etc.). The ASD drivers valued traffic rules but found it frustrating that their logic was not always present,
and therefore, situations were not always clear to them. Another frustration they experienced was the
lack of uniformity in traffic rules, material usage (e.g., concrete speed bumps, plastic speed bumps,
rubber speed bumps, etc.), and organization of roadway elements (e.g., speed bumps, parking, road

narrows, etc.). Therefore, ASD drivers were not able to drive efficiently.

V.A.: “Yes, but for me, it's reassuring (the traffic code), but for other drivers, it is more flexible; they apply

it more flexibly, and that makes it difficult for me.”

Theme 6: Rush and chaos put pressure on driving performance, information processing, and
observation process

Various elements draw the attention of all the participants while driving. Especially advertising boards
were distracting to our sample of ASD drivers. However, whether an element was distracting or not
depended on the person and his or her interests. Although traffic signs could clarify the situations, a
proper distribution was reported as important as too little or too many traffic signs caused confusion and

chaos. ASD drivers also reported that there were too many different traffic signs, they stood too close
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together, and there was occasionally too much information on one sign. ASD drivers experienced
filtering the right aspects from the environment (e.g., various and many traffic signs, too many other
traffic participants to determine which ones are extra important to pay attention to (other cars, cyclists,
pedestrians), etc.) as stressful and many relevant elements disappeared in the chaotic environment.
Rush hour, environmental bustle, and distraction by their thoughts induced pressure on the driving
performance of the ASD drivers and created a more negative feeling after driving. Depending on the
situation, people with ASD needed to invest more attention and concentration to cope with all stimuli
(e.g., unknown, crowded situations, etc.). In conclusion, driving was perceived as an exhausting activity

as it always required much concentration to cope with all stimuli.

V.K.: “Because it is quite fatiguing, so |, it is okay, and I don’t really mind to drive a car but is asks, it
costs quite some energy.”

Theme 7: Experience and automatization are important while driving

The majority of the participants reported that they had difficulties with learning how to drive. These
difficulties did not necessarily persist in the current driving experience. Yet, all participants agreed that
they had a lot of driving experience; and a few participants even stated that they felt comfortable while
driving in traffic. Their accumulated driving experience helped ASD drivers while encountering new
situations and enabled personal growth as a driver. All participants agreed that certain subtasks of
driving and driving itself became automated due to their driving experience. This allowed them to shift
their attention to other stimuli in the roadway environment. On the other hand, participants suggested
that automatization of the driving task combined with a roadway environment of low complexity could

cause a lack of attention or mind-wandering, which may lead to dangerous situations

V.N.: “That is correct, my dad used to do that, he raced on the fields, and he told me he wanted that too:
‘You have to learn fast, it will be easier for your exam, then you can focus on other things instead of if

thinking about switching gears.”

D.L.H: “Yes, and because | think that | know my car by now and | drive already a long time with that car,
and | don’t know how it is and yes, | do, | drive a little less careful because | don’t have to think about

everything, think about these actions you know.”

Theme 8: Adapting behavior to different traffic situations

Each participant reported adapting their driving style to the environment and situation (e.g., driving
slower in bad weather conditions, during rush hour, etc.). They used eye-catching environmental or
infrastructural elements to remember their route. When they found themselves in busy situations, when
they needed more concentration or were distracted, they simplified the task by reducing incoming stimuli
(e.g., turning off the radio or GPS). To create predictability, they planned their routes or tried to predict
known situations. The use of GPS can allow for predictability for ASD drivers. Roadway infrastructure
can aid when providing clear directions (e.g., road arrow markings, direction signs, etc.). On the other

hand, ASD drivers also reported using commonly distracting elements as a tool (e.g., radio, GPS, etc.)
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to distract them from their thoughts. Other, less mentioned, coping strategies were: screaming out of
frustration, early departure (to avoid time pressure and to provide additional margin to anticipate
unforeseen circumstances), wearing orange glasses in the dark, and using the sunshade to avoid the

street lights.

R.A.: “I find the radio annoying; | try to turn it off as much as possible. But yeah, when you have other
people in your car, almost everyone wants the radio on, so yeah. ... | then try not to turn up the radio

too loud because it distracts me.”

P.G: “The radio is on, yes. Because otherwise, it is too quiet, and I start thinking in my head.”

Theme 9: Using alternatives to get around

Five out of twelve participants reported that they frequently used alternative means of transport. Three
participants used public transportation (e.g., train, tram, etc.). In contrast, two other participants
experienced public transport as uncomfortable and stressful. Therefore, they chose to ride along as a

passenger or take a passenger with them while driving as an extra reassurance.

D.L.H.: “Because yes, then yes, that are a couple of eyes more, those people also aren’t allowed to
sleep when they are sitting next to me in the car, but it helps for that when there is someone

accompanying me. Because yes, otherwise, | wouldn’t do that (driving to the sea).”

Theme 10: Avoidance behavior in traffic situations

Participants reported that they avoided driving when they felt physically or mentally tired. When they
experienced too high-stress levels or anxiety while driving, they pulled their car over so they could pick
themselves up or to rebecoming calm and relaxed. The ASD drivers avoided specific situations
regarding both roadway environments (e.g., rush hour, traffic jams, city centers, etc.) and infrastructure

(e.g., speed bumps, driving in the dark, etc.).

D.L.H.: “I don't like driving in the city? That is way too busy and too much. Yeah, yeah, | always miss
important things, and | always do things wrong when | drive in the city. ... Yeah, | don’t do that anymore

now, driving to, I go to Antwerp, my parents live there, but | never use my car to get there.”

3.2.3 Comprehensive understanding

Main themes one to seven underpinned the primary study aim: ‘explore how drivers with ASD
experience roadway environment and infrastructure.” Main themes eight to ten underpinned the
secondary study aim: ‘identify the coping strategies used to deal with interfering roadway environment
and infrastructure elements.’

After summarizing and reflecting on the main themes and sub-themes in relation to the research

guestion and the context of the study, we arrived at a comprehensive understanding which enables us
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to interpret the results as a whole. As a result, specific main themes were grouped into broader
categories.
- Themes 1 to 3 were named ‘Positive and negative feelings while driving.’

- Themes 4 to 6 were named ‘Situations that negatively affect driving experiences.’

- Theme 7 was named ‘Experience and automatization.’

- Lastly, themes 8 to 10 were named ‘Coping strategies.’

Figure 2 offers a schematic representation of how all the main themes connect. The figure clearly shows
that the roadway environment and infrastructure could provide both environmental facilitators and
barriers while driving and how ASD drivers coped with these barriers. The inner-circle represents theme
1, the positive feelings that participants experienced while driving. Both the roadway environment and
infrastructure could provide a safe feeling, calmness, and clarity. These elements were the facilitators
that reduced the stress levels of the autistic drivers. This theme is placed in the middle because the goal
is for ASD drivers to have a pleasant driving experience.

Theme 2 to 6 contain elements that directly threaten these positive feelings, and they are listed in the
second circle. The second circle elements created environmental barriers while driving and might have
negatively influenced the stress levels that ASD drivers experienced during their trip. A first factor were
the negative feelings while driving that were provoked by roadway environment and infrastructure. The
environment and infrastructure were often perceived as confusing and illogical. This caused stress,
uncertainty, frustration, confusion, and an unsafe feeling in ASD drivers. Other road users could also
evoke negative feelings as their behavior was perceived as being unpredictable. As a result, participants
felt as if they had less control over the situation.

Moreover, people with ASD highly valued traffic rules. Yet, other drivers did not always obey these rules,
and as a result, the ASD drivers could not see the logic in the situation and were not able to drive
efficiently. Participants also noticed other disturbing factors that complicated the driving task, such as
noise, lighting, and driving in the dark. All negative factors combined could create rush and chaos while
driving, which complicated driving even more and put extra pressure on the driving performance. This
pressure, and the stress and frustration it evoked, could also negatively influence the analysis of
complex traffic situations. As a result, a vicious cycle could be created in which all the factors influenced
each other continuously.

The third circle includes automatization and experience; both concepts were reported to positively
influence the driving experience and behavior of ASD drivers. Therefore, it could reduce their stress and
other negative feelings caused by the second circle’s elements. The outer circle contains personal
facilitators or the coping strategies that ASD drivers used to handle all the factors listed in the second
and third circles. These strategies could reduce the participants’ stress levels and evoked positive

feelings while driving.”
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Figure 2: Schematic representation of the main themes
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4  DISCUSSION

This study is unique and the first of its kind, aiming specifically to explore the appraisal of roadway
environment and infrastructure by autistic drivers and which coping strategies they use to deal with
interfering roadway elements. With or without autism, every individual experiences roadway
environment and infrastructure from their viewpoint, resulting in different judgments and statements.
Nevertheless, all participants did report similarities as well. Individual characteristics can partly explain
these differences and similarities. On the other hand, autism is a ‘spectrum’ disorder, which means that
they show a wide variation in the severity and type of symptoms (National Institute of Mental Health,

2020), which could add to the explanation.

The results of the current study were obtained from semi-structured interviews. When the participants
were asked for their feedback after the interview, they indicated that the semi-structured interview guide
(Appendix 1) and the photos (Appendix 2) were useful prompts as it inspired them. They reported that
they often experience difficulties when they have to generate ideas themselves to discuss their
experiences. Difficulties with answering interview questions might arise from the theory of mind
problems as it is difficult for people with autism to picture abstract things and explain this to another
person (Frith, 1989). Additional, there is a clear relationship between ASD and alexithymia. Alexithymia
indicates the lack of terms to express emotions and moods (Poquérusse et al., 2018; Ross et al., 2018).
We believe that the use of photographs made the questions less abstract and, therefore, more
comfortable to deal with and to answer (Rao & Gagie, 2006). Despite previously reported issues with
open-ended questions in ASD (Watkins et al., 2017), the participants expressed that the usage of open-
ended questions was one of their main motivations to participate in this study. In the current study, they
felt as if they could explain and nuance their answer more and still could describe concrete situations.
Yet, participants reported difficulties with answering the two included scale-questions because they were
not specific enough in their opinion. Therefore, these questions were removed from the interview after
conducting approximately two-third of the interviews, and the data not used in the analysis. Even though
participants indicated that they were motivated by the open-ended questions, they indicated that the
scale questions were too difficult to answer as they were too broad. As a result, participants might have
no longer been able to answer them comfortably (Frith, 1989; Watkins et al., 2017). Nevertheless, further
studies could use the video-stimulated recall methodology instead of using photos to guide a semi-
structured interview. This is a research technique in which the participants are recorded during a specific
situation. Thereafter, the recordings are used as a stimulus to help them recall their thoughts, emotions,
ideas, etc., about the encountered situations (Consuegra et al., 2016; Rowe, 2014).

The interview guide was specifically designed for the current study based on various books and
identified concepts, but these findings were not tested before starting the data gathering. However, fewer
guestions regarding the used coping strategies were included, which might have influenced the results.
Nevertheless, saturation was reached, and results were found of the appraisal of roadway environment
and infrastructure in ASD drivers.

A more thorough discussion of each category derived from the comprehensive understanding is

provided below.
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Theme 1 - 3: positive and negative feelings while driving

Participants reported both positive and negative feelings while driving due to the roadway environment
and infrastructure. It stood out that there is only a fine line between the roadway environment and
infrastructure elements perceived as positive and the elements perceived as negative. Positive feelings
could easily switch to negatives due to small infrastructural or environmental inconsistencies, others'
actions, etc. When roadway environment and infrastructure were clear and guiding, it evoked positive
feelings. An important factor herein relates to the concept of self-explaining roads in which the
environment and infrastructure provoke the right driving behaviors (Castro, 2008; Walker et al., 2013)
and thus creating predictability and clearness for ASD drivers. However, negative feelings appeared to
be present to a greater extent. Studies have shown that the objective road situation does not always
correspond with the perceived state of that environment on the part of the individual within it, and this
could lead to inappropriate driving behavior (Theeuwes, 1994; Kaptein & Theeuwes, 1996; Walker et
al., 2013) which could make ASD drivers stressed, frustrated, anxious and confused. Various other
studies reported issues concerning the emotional experience of people with ASD while driving. For
example, studies reported that ASD drivers felt less self-confident while driving (Lindsay, 2017), felt
anxious about driving (Chee et al., 2015), and reported less positive and more negative attitudes towards
driving (Ross et al., 2017). In the current study, various negative feelings were related to other roadway
users. It is suggested that ASD drivers experience difficulties in understanding others’ intentions,
unexpected changes while driving (Cox et al., 2012), and interacting with other road users (Almberg,
2017). People with ASD experience context blindness and contextual sensitivity issues. They use the
context less when giving meaning to a situation than non-autistic people (Vermeulen, 2015). However,
contextual sensitivity is vital in understanding human behavior and actions (Zibetti & Tijus, 2005) and
flexibility in problem-solving and reacting to unpredictable events (Kokinov & Grinberg, 2001). This could
explain why participants reported difficulties predicting others’ behavior and trusting other drivers.
Respondents also described problems when unpredicted events occurred like detours. The current
results coincide with findings from Ross et al. (2018). In that study, ASD respondents also reported

difficulties with unpredictable situations, difficulties in violating traffic rules, etc.

Theme 4-6: situations that negatively affect driving experiences

Respondents all reported both social (e.qg., inefficient application of traffic rules, rush, chaos created by
other roadway users, etc.) and non-social (e.g., sound, lighting, driving in the dark, road signs, etc.)
situations that complicated driving. People with ASD either encounter sensory stimuli more intense or
less intense than neurotypical persons (Ben-Sasson et al., 2009). We suggest that these sensory
difficulties might have affected how the participants in the current study perceive and cope with certain
stimuli like lighting, noise, chaos, and rush. Feeley et al. (2015) suggested that ASD drivers are more
easily distracted by disturbing elements besides the road (e.qg., billboards, etc.) than other drivers, which
was confirmed by our participants. Driving requires high-order executive functions to respond to
unexpected and unpredictable situations (Wilson et al., 2018; Classen et al., 2013). People with ASD

show various executive function problems like working memory, speed of information processing,
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selected and divided attention, hazard perception, etc. (Patrick et al., 2020), which might have influenced
how our participants perceived situations. Even though our participants mentioned that they were easily
distracted by disturbing elements while driving during the interviews, they also indicated that they
experienced difficulties with noticing traffic signs that were not located within their central visual field.
When comparing visual search patterns from ASD drivers with non-autistic peers, research showed that
ASD drivers fixated and spent more time in the central visual field and had the tendency to focus less
on relevant stimuli (e.g., direction signs, their speedometer) (Chee et al., 2019). This might arise from
the weak central coherence they experience. People with ASD tend to focus more on details and not on
the greater part because they process information slower and less efficiently, which complicates driving
(Vanmarcke, 2017). Participants also reported that they got frustrated when other road users do not
obey the traffic rules. In support, a study by Ross et al. (2018) showed that ASD drivers had good
knowledge of the traffic rules. However, ASD drivers experienced difficulties when violating traffic rules,
even if necessary. It did not only frustrated ASD drivers, but it also provoked anxiety. Furthermore, an
on-road study by Chee et al. (2017) showed that despite a general underperformance of ASD drivers,
they outperformed neurotypical peers in aspects related to rule-following. Moreover, a study by Daly et

al. (2014) also showed that ASD drivers were more rule bounded.

Theme 7: Experience and automatization

The study participants deemed automatization while driving to be very important. If a behavior is not
automated, higher demand of conscious attention during driving and maneuvering is required, which
could exhaust the mental resources to cope with the critical demand of information processing in driving
(Hatakka et al., 1999). Possibly, drivers with ASD need more time for this automatization process.
Studies suggested that learning to drive is more difficult for people with ASD compared to NT peers
(Cox et al., 2012; Cox et al., 2016; Ross et al., 2019). It is emphasized that novice ASD drivers need
more lessons (Almberg et al., 2017; Ross et al., 2018), adapted training modules (Chee et al., 2015;
Wilson et al., 2018; Ross et al., 2015), and shorter lessons (Ross et al., 2018) to reach the same driving
level as their peers. Various authors suggest that specific training can enhance the driving performance
of ASD drivers (Wade et al., 2017; Cox et al., 2017; Brooks et al., 2016) and that, after the learning
phase, ASD drivers are as capable drivers as neurotypical drivers (Ross et al., 2019). This might suggest
that experience and automatization are important factors in the driving behavior in people with ASD, as

it is indicated that training can enhance their overall performance.

Theme 8 — 10: coping strategies

All participants reported the use of coping strategies when dealing with interfering roadway environment
and infrastructure elements. Although the DSM-V (American Psychiatric Association, 2013) suggested
that people with ASD show restricted and repetitive behavior patterns, participants indicated that they
could adapt their behavior to a particular situation. Our findings confirmed this; all twelve ASD drivers

reported that they adjusted their behavior to create predictability and eliminate irrelevant stimuli.
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The second identified and least used coping strategy is the use of alternative means of transport. Few
other studies reported using alternative means to cope (Feeley et al., 2015; Curry et al., 2014). However,
participants in these studies experienced certain difficulties in driving as a passenger or using public
transport. They reported that they missed activities due to the unavailability of persons or public

transport, getting to the station without help, or having difficulties with planning a public transport trip.

The last identified coping strategy concerned avoidance behavior. This is supported by Daly et al.'s
(2014) research; their participants indicated that they avoided rush hour, bad weather, driving in the
dark, and gave themselves voluntary restrictions on driving. The same coping strategy is found in
multiple studies on older drivers. They self-regulate their driving behavior by avoiding certain situations

like parking their car, driving at night or in the rain, etc. (Baldock et al., 2006; Conlon et al., 2017).

Policy and practical implications

Even though there are guidelines on developing highways, intersections, pedestrian facilities (walkways,
sidewalks, and crosswalks), etc., there is still a lack of uniformity in the design of roadway environment
and infrastructure. All participants reported this lack of uniformity as a factor that negatively influenced
their feelings while driving. This demonstrates the need for a more autism-friendly driving environment.
Participants in the current study made suggestions on making the environment and infrastructure more
suitable for ASD drivers. All these suggestions are listed in table 4. Some examples are uniformity in
traffic signs and traffic lights, better indicating a diversion, and using materials that do not make loud
noises all the time. The policymakers could take these recommendations and ASD-specific
characteristics into account and transform them into new guidelines and principles for roadway
environment and infrastructure design, which will better serve the autism spectrum population. However,
even though ASD is a common developmental disorder, it is recommended to conduct the current study
in other groups such as neurotypical persons, people with ADHD, people with a mild intellectual
disability, etc. By doing so, a design for all can be created from which many population groups can
benefit.

During the interview, few participants mentioned that by listening to other people with ASD or by going
to patient organizations, they learned new coping strategies (e.g., turning off the radio) or gained a better
understanding of their behavior. Based on the current article's findings, awareness-raising in people with
ASD regarding the issues they experience while driving and learning how to drive can ... It is
recommended that in the future, peer support groups for ASD drivers are established, in which they can
share their experiences and possible coping strategies about driving with their peers. As a result, they
may experience more positive feelings while driving, and this might enable them to reflect more critically

on the roadway infrastructure and environment while driving.

5 LIMITATIONS
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No triangulation was used to test the validity (i.e., through the convergence of information from different
sources) of the data, researcher, theory, and methodology (Kuper et al., 2008; Carter et al., 2014). Only
one researcher collected and analyzed the data. Two senior researchers have checked the analyses of
the main researcher but have not independently done the analyses. To avoid the possibility of the
influence of the own experiences and way of thinking of the researcher on the iterative process, we
recommend that in the future, at least two researchers will analyze the data independently and thereafter
compare their findings. However, the researcher in this study tried to minimize biases during the
research process. For example, the interviewer was aware that some participants' communication skills
might have influenced the researcher's degree of input during the interviews. As a result, the interviewer
might have needed more personal interpretation when she analyzed the interviews of someone with
more limited comminution skills, which can potentially lead to a bias. Therefore, the interviewer was
constantly checking her findings with other members of the research team. Furthermore, all other quality
criteria (e.g., credibility, transferability, dependability, and confirmability) were considered to avoid
potential biases. The current study took place in a Belgian context, more specifically in Flanders. To
determine the degree to which the results of the current study can be generalized or transferred to other
contexts or settings (i.e., other countries and regions), follow-up studies need to be conducted in other
regions. Interview guides should be adapted, so they represent the driving context of the targeted
population. After obtaining the results, comparisons between various countries and regions can be
made. Participants were recruited through criterion sampling to obtain a purposive sample. Therefore,
this study results can be transferred to the ASD population in Flanders.

The current study included adults between 31 and 39 years of age, based on convenience sampling.
This rather narrow age range does not meet the standard categories in terms of age, often distinguishing
young adults, adults, and the elderly. However, this narrow age range is also beneficial as an age range
cannot be too broad to reach saturation and be as representative as possible. Although age was not
related to the current research aims, in future research, it can be relevant to understand and compare
the appraisal of roadway environment and infrastructure in other age groups (e.g., young adults, elderly
people, etc.) to investigate commonalities and differences in their appraisals. Based on the current
findings, we also specifically recommend a follow-up study with novice ASD drivers. The current study
participants reported that they still experienced difficulties while driving due to the roadway environment
and infrastructure, even after having at least eight years of driving experience. However, automatization
and their driving experiences helped them in coping with experienced problems. Since novice ASD
drivers do not have the same level of experience and automatization as more experienced ASD drivers
included in this study, it is important to assess how the interference of roadway environment and
infrastructure might affect their driving experience and learning process, and how they can cope with

any experienced difficulties.

Seven out of twelve participants also had another diagnosis besides autism; this might have influenced
the results. However, research suggested that the comorbidity between attention deficit hyperactivity
disorder (ADHD) and ASD has a real, relevant, and frequent occurrence (Gargaro et al., 2010). A

systematic literature review suggested that approximately 17.4% of the ASD population has obsessive-
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compulsive disorder (OCD), and 16.6% have a social anxiety disorder (Bogels & Perrin, 2011).
Therefore, we could conclude that our included population resembled the general ASD population. The
gender balance in the current study might not reflect the general ASD population as the ratio is 4:1
(male-female). Baio et al. (2018) suggest that the general ratio is 2:1 (male-female). However, females
with autism show increased social behavior, less repetitive behaviors than males, and are better at
camouflaging their symptoms (Halladay et al., 2015). Therefore, we do not precisely know the current
gender ratios. Nevertheless, saturation was reached, and in eight out of ten main themes, ten or more
respondents confirmed the findings. Therefore, we conclude that the current gender rate might only

have had a small influence on the results.

As mentioned before, the interview guide comprehensively assessed the primary research aim: ‘the
appraisal of ASD drivers on roadway environment and infrastructure.” The current study's secondary
aim: ‘identifying potential coping strategies used to deal with interfering roadway environment and
infrastructure elements’ was a little less deeply questioned. The majority of the questions in the guide
were related to the first research aim. As a result, the second research aim shifted a little more into the
background. However, a consensus was reached in the participants regarding the coping mechanisms.
We, therefore, conclude that we were able to achieve both research aims.

Further research could focus specifically on the coping strategies used by ASD drivers to deal with
interfering roadway environment and infrastructure elements. Although we conducted two pilot
interviews to determine the quality of our interview guide for people with ASD, it would have been even
better to develop the guide based on a focus group of ASD drivers. In a focus group, participants share
their experiences and build on others' comments to add richness to a specific concept (Rennekamp, &

Nall, n.d.). Therefore, future research could include such a focus group.

6 CONCLUSION

The current study gives a first indication of the appraisal of roadway environment and infrastructure by
drivers with autism. All participants experienced both positive and negative feelings generated and
influenced by roadway environment and infrastructure while driving. When driving in a calm and
structured environment, ASD drivers similarly felt calm and safe. However, other road users, rush, and
chaos could create pressure on the driving task. Lighting, sound, and driving in the dark were reported
factors that might complicate driving. Most ASD drivers experienced stress, insecurity, frustration, fear,
confusion, and unsafe feelings while driving. They attached great importance to clarity, logic,
predictability, efficiency, consistency, and uniformity in traffic and traffic regulations. The drivers all
indicated that they are very rulebound and that they get stressed as a result of others not following those
rules. Most participants emphasized the importance of automatization and experience as it supported
them in stressful situations. The ASD drivers described different coping mechanisms for interfering
roadway elements: using alternatives to get around and avoiding certain situations.

To the best of our knowledge, no previous studies regarding the appraisal of roadway environment and

infrastructure were conducted. Due to this study's novelty, more research on the topic is needed to
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confirm the current study's findings further. More target groups such as novice, young or older ASD
drivers, other regions, and equal gender balance should be included as well to be able to generalize the
results. Hopefully, the findings of the current study, together with future studies, can lead to a better
understanding of the driving behavior and experience of individuals with ASD. Policymakers could take
these recommendations and ASD-specific characteristics into account and transform them into new
guidelines and roadway environment and infrastructure design principles.
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APPENDIX 1: INTERVIEW GUIDE (TRANSLATED FROM DUTCH)

Introduction and opening guestion

Introduction:

Introducing the researcher, explaining the study's aims and interview, explaining the protection of the

participant’s privacy, dignity, and rights, and asking them to sign an informed consent.

Can you introduce yourself? What are your hobbies, what do you do for work/education, what are your

interests?

The interview will include questions regarding your experiences with certain elements of roadway
environment and infrastructure while driving. Can you describe, in general, when you drive your car and

for what occasions?

Roadway infrastructure are physical elements like the road itself, road markings, and elements to control
traffic like a speedbump. Roadway environment contains everything that is located around the road.
This can be the environment related to traffic like traffic signs and lighting. It also contains non-traffic

related environments like buildings, trees, billboards along the street.

You now see a few photos of situations that you might encounter while driving. When you drive to work,

and you come across these situations, how do you experience these?

Are there certain aspects that catch your eye, that stand out regarding roadway environment and

infrastructure?

Are there certain aspects that cause difficulties while driving?
Are there certain aspects that help you while driving?
- What is the reason for experiencing these aspects like this?

- How do you cope with these aspects while driving?

Can you think back to a moment when you drove to your grandmother? Imagine you driving on a road

that is in bad condition. There are road cracks and holes; how do you experience this while driving?

Imagine that while driving to your work and a broad road turns into a more narrow road. How do you
experience this road narrowing?
- Examples: narrow road, broad road, narrow road with parked cars, a broad road with parked

cars, narrow/broad road with/without central and border markings.
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Can you think back to a moment when you were driving? How do you experience a speed bump or

another obstacle on the road like a road flower box, a road narrowing, etc.?

Can you give me an example of a road where road marks are present and where not? How do you
experience both roads while driving?
- Examples: road markings, pre-sorting, follow directions indicated by arrows or written on the
road, triangular priority markings, walkway, cycling path, stops, bus, taxi, ...
Can you think back to the last time you have driven? Were there curves/turns present on your route?
When you are driving, and there are curves/turns, how do you experience this?
- Examples: Short turns quickly behind each other, one large turn, a turn with/without central and

border markings, sharp turn, slight turn.

- What hinders you while driving?
- What is the reason that you experience it that way?

- How do you cope with these things while driving?

When you are driving, and there are large billboards placed next to the road, how do you experience

this?

Do you experience this the same regarding trees and buildings next to the road?
- Examples: advertising with or without lighting, small or large trees, houses next to the road,
restaurants, people next to the road.
Almost every road is lighted; this can be public lighting or traffic signs. When you drive past one of these,
how do you experience this?
- Examples: temporary traffic light, orange flickering traffic lights, traffic lights above the road,
traffic light next to the road, public lighting: standing poles next to the road lighting on houses.
What is your experience with traffic signs?
- Examples: warning signs (red triangles), priority signs, mandatory signs (blue), prohibitory signs
(red rounds), standstill and parking, designation signs (city center, zone signs, driving direction).
Which aspects hinder or aid you at a crossroad?
- Examples: crossroad with priority to the right, crossroad with a priority road, crossroad with
traffic lights, crossroad with 2, 3, 4, 5 roads, crossroad with a traffic island.
Every day, you hear on the radio that it is a busy morning and evening rush. At what times is the traffic
less dense? How do you experience the traffic around you?

- Examples: trucks, other cars, cyclists.

- What hinders and helps you while driving?
- What is the reason that you experience it that way?

- How do you cope with these things while driving?

36



Closure:
When | give you a scale from -10 to 10 where -10 stands for ‘complete negative influence,” 0 for ‘no
influence’ and 10 for ‘totally comfortable,, how do you experience the influence from roadway
infrastructure on your behavior?

- How do you experience the influence of roadway environment on your driving behavior?

- How do you experience the influence of the surrounding traffic on your driving behavior?

When | give you a scale from 0 to 10 where 0 stands for ‘totally uncomfortable’ and 10 for (totally

comfortable), how comfortable do you feel in traffic?

We talked about a lot of different subjects regarding the main theme. Are there still elements that you

want to report regarding your experiences with roadway environment and infrastructure while driving?

Summarize the interview, thank the participant, and ask for feedback about the interview.

37



