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The Use and Understanding of Virtual Environments
by Adolescents with Autistic Spectrum Disorders

Sarah Parsons,l’2 Peter Mitchell,l and Anne Leonard!

INTRODUCTION

The potential of virtual environments for teaching people with autism has been positively
promoted in recent years. The present study aimed to systematically investigate this poten-
tial with 12 participants with autistic spectrum disorders (ASDs), each individually matched
with comparison participants according to either verbal IQ or performance 1Q, as well as
gender and chronological age. Participants practised using a desktop ‘training’ virtual envi-
ronment, before completing a number of tasks in a virtual café. We examined time spent
completing tasks, errors made, basic understanding of the representational quality of virtual
environments and the social appropriateness of performance. The use of the environments
by the participants with ASDs was on a par with their PIQ-matched counterparts, and the
majority of the group seemed to have a basic understanding of the virtual environment as a
representation of reality. However, some participants in the ASD group were significantly
more likely to be judged as bumping into, or walking between, other people in the virtual
scene, compared to their paired matches. This tendency could not be explained by executive
dysfunction or a general motor difficulty. This might be a sign that understanding personal
space is impaired in autism. Virtual environments might offer a useful tool for social skills
training, and this would be a valuable topic for future research.

KEY WORDS: Virtual environments; social skills; adolescents; autistic spectrum disorder; executive
function.

from extraneous cues (Wilson, Foreman, & Stanton,
1998), and tasks can be presented consistently and

The potential benefits of computer-based tasks
for people with autistic spectrum disorders (ASDs)
have been recognised in various recent articles (e.g.,
Moore, 1998; Moore, McGrath, & Thorpe, 2000;
Moore & Taylor, 2000). In particular, computers
offer a predictable and consistent environment in
which the pace of working can be suited to individ-
ual needs (Swettenham, 1996). Visual and auditory
inputs can be planned and controlled directly,
allowing tasks to be completed without distraction
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repeatedly, without the boredom and fatigue that
can sometimes occur with task repetition by human
instructors (Cromby, Standen, & Brown, 1996).
Interactive multimedia computer programs have
been effective in teaching vocabulary (Heimann,
Nelson, Tjus, & Gilberg, 1995) as well as improving
motivation and attention during learning (Chen &
Bernard-Opitz, 1993; Moore & Calvert, 2000). Peo-
ple with autism have also successfully learned about
emotions (Silver & Oakes, 2001) and social problem
solving (Bernard-Opitz et al., 2001) using computer-
based tasks.

Virtual environments (VEs) are a specific kind
of computer-based task, defined as a “...3D data
set describing an environment based on real-world
or abstract objects and data” (Blade & Padgett,
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2001; p. 26). This definition is based on what the
user sees on the screen, rather than how the envi-
ronment is encountered (e.g., through immersive
headsets, or via a standard PC—see below). In VEs,
realistic 3D scenes can be encountered in ‘real time’,
which means that as a user navigates through a
scene, the movement on the screen is like walking
through a real environment at a normal pace. In
the environments used for the present study, the
user has a ‘through-the-eyes’ view of the scene,
rather than a bird’s-eye-view. This means that the
user cannot see a representation of themselves on
the screen, nor any part of themselves during task
completion, such as hands and arms. VEs can
include the representation of people as well as
objects and have been used in a variety of fields for
cognitive rehabilitation. For example, Rothbaum
and Hodges (1999) have successfully used VEs to
help attenuate vertigo and flying phobia in some of
their patients, and Brown, Neale, Cobb and Rey-
nolds (1999) have used VEs to help people with
learning disabilities develop everyday skills.

Over and above the general benefits of being
computer-based, VEs offer great potential for people
with autism. Perhaps the most important advantage
is that users can role-play in an environment designed
to mimic specific social situations. The growing
sophistication of VEs means that tasks and skills can
be practised in increasingly realistic settings. This
offers the potential for improved generalization of
social skills between training and real-world environ-
ments (Strickland, Marcus, Mesibov & Hogan,
1996), as well as the possibility of encouraging mental
simulation of events, which may aid social ‘problem
solving’ (Parsons & Mitchell, 2002).

Consequently, there has been much optimism
about the possible usefulness of VEs for members
of the autistic population (Clancy, 1996; Parsons
et al., 2000; Trepagnier, 1999). However, there is
a paucity of direct evidence to support the idea,
with only a few published papers to date
investigating this possibility. Strickland (1996),
(Strickland et al., 1996; see also Strickland’s
website www.do2learn.com for updated informa-
tion about current research) used a fully-immer-
sive system with two minimally verbal children
with autism to see whether they would track the
movement of cars down a virtual street by
turning their heads, and ‘walk’ towards a street
sign in the virtual scene, by walking a short dis-
tance in the testing room. Both children
responded to the VE, at least on a basic level,
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and one child responded with her own physical
movements in relation to the wvirtual scene.
However, conclusions from this study are limited
due to the small number of participants included,
as well as some concerns about the applicability
of fully-immersive systems. In particular, head-
mounted displays can be very expensive, are heavy
and may cause people to experience symptoms of
‘cybersickness’, such as nausea, headaches and
dizziness (Cobb, Nichols, Ramsey, & Wilson,
1999). Fully-immersive systems may not currently
be the most appropriate technology for use with
some people with autism.

Desktop VEs represent an alternative approach,
are presented on standard PC’s and work with the
aid of a joystick and a mouse. Desktop VEs are
more affordable and accessible for educational use,
and tend to be much less susceptible to the symp-
toms of cybersickness (Nichols, 1999). Eynon (1997)
included some children with ASDs in his study and
found that a desktop interface encouraged children
to be focused and attentive whilst using the pro-
gram. However, again conclusions are limited due to
the lack of information regarding diagnosis and
background ability, the lack of a comparison group
and the small number of participants.

The present study was designed to systemati-
cally investigate the potential of VEs with a clearly
specified group of participants with ASDs, along-
side two carefully matched comparison groups. The
main aim was to consider the two broad questions
of use and understanding of desktop VEs. In terms
of the use of VEs, we were interested in basic navi-
gation skills, such as the time taken to complete dif-
ferent tasks, and the ease with which tasks were
completed. The investigation of understanding VEs
was based on the premise that VEs could support
social skills training only if they were interpreted as
having a representational quality. That is, partici-
pants need to understand that certain aspects of
behavior within the environment can be achieved
only by representing them in some other way. For
example, eating and drinking are achieved by click-
ing on items with the mouse, and paying for items
involves clicking on coins shown on the screen.

It is well known that people with ASDs often
interpret situations and language literally, seemingly
unaware of underlying meaning (e.g., Mitchell, Salt-
marsh, & Russell, 1997). An overly literal interpreta-
tion of a virtual environment could limit its
usefulness as a social skills teaching tool, as partici-
pants need to understand that what happens on the
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screen is not a literal representation of what happens
in real life. Some evidence suggests that people with
autism have difficulty understanding some forms of
representation (e.g., beliefs; Leekam & Perner,
1991), but not others (e.g., pictures; Charman &
Baron-Cohen, 1992). We reasoned that if partici-
pants understood VEs as representational, at least at
the basic level of not actually being reality, then they
would be willing to make a nonliteral interpretation
about the behavior of some people in a virtual scene.
To expand, participants were shown a Virtual Café
(Brown et al., 1999) in which two people (that is, vir-
tual representations of people) are seen standing by
the bar, facing each other, but not talking. However,
their proximity and orientation towards each other
suggests that they might be seen as engaged in con-
versation. If participants said that the people were
talking to each other, this would suggest that they
understood the figures in the scene to be represent-
ing interpersonal interaction. In addition, partici-
pants might answer in a similar way about a video
of real people, filmed in a real bar. A video represen-
tation is different from virtual reality in the sense
that it is a photo-realistic representation, which is
familiar to people through the use of television and
other videos. A virtual environment, by contrast, is
less familiar to many people and is a more abstract
form of representation. Comparing these representa-
tions enabled us to see whether participants inter-
preted them in similar ways.

A further area of investigation for the present
study, was based on some observations made of a
group of adult participants with Asperger Syndrome
in a pilot study. Some members of the group
showed a tendency to navigate between, or very
near to, the couple standing at the bar in Virtual
Café, en route to buy a drink. This behavior seemed
to be socially inappropriate, especially as there was
a large empty space at the bar, to the right of the
couple. We were keen to investigate systematically
whether this behavior would be shown by any of
our participants in the present study and, if so,
whether this effect would be more likely to be seen
in the ASD group in particular. Of course, it could
be that participants with ASDs have a difficulty
navigating through virtual environments in a way
that inadvertently leads to violations of personal
space. Therefore, it was important to include gen-
eral measures of navigational abilities.

Finally, we wanted to explore whether there
were any links between use of VEs and performance
on executive function tasks which assess a number
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of cognitive abilities such as inhibition of response,
set-shifting and maintenance, planning and working
memory (Pennington & Ozonoff, 1996). Much evi-
dence suggests that people with ASDs show deficits
on tests of executive function (e.g., Hughes &
Russell, 1993; Hughes, Russell, & Robbins, 1994;
Ozonoft, 1995), especially cognitive flexibility
(Ozonoff, Strayer, McMahon, & Filloux, 1994),
which has also been linked to social understanding
(Berger et al., 1993). Since the Virtual Café repre-
sents a social situation, it is possible that executive
abilities may be involved in negotiating the environ-
ment. In addition, aspects of planning to achieve
particular goals and inhibition of responses were
required for successfully completing virtual training
environments included in the present study, as well
as in the Virtual Café. It may be that executive abil-
ity mediates the performance of people with ASDs
on virtual environments, potentially providing infor-
mation about where extra support may need to be
incorporated within future designs of environments.

METHOD

Participants

There were 36 participants in total. Twelve were
individuals diagnosed with an ASD (based on their
school statement of special educational needs®), aged
13-18 years (see Table I for a full breakdown of
background characteristics and relevant VIQ- and
PIQ-matches). All demonstrated a full-scale IQ
(FSIQ) of 70 or greater (assessed by the Wechsler
Abbreviated Scale of Intelligence; Wechsler, 1999)
except for one individual with a score of 66.
According to DSM-IV (1994), full-scale 1Q’s above
70 qualify as ‘nonretarded’. Each of the participants
with an ASD was then individually matched with two
other pupils from different schools: one matched on
verbal 1Q (VIQ) and the other matched on perfor-
mance 1Q (PIQ; both were also matched according to
age and gender). The majority of participants who
were matched according to VIQ were drawn from
Special Needs Schools, and the majority of pupils

3 All students attended a specialist school for students with ASDs
and had received a diagnosis of ASD, or were described as having
the autistic triad of impairments in communication, socialisation
and imagination. The authors recognise the limitations of using
school records to ascertain a specific diagnosis according to
current diagnostic criteria, however no claims are being made
about how diagnosis may be related to performance.
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Table I. Individual Background Characteristics, and Mean Values, of the ASD Group and their Comparison Participants, Matched
According to VIQ, PIQ and CA

ASD VIQ-match PIQ-match
ASD group member CA VIQ PIQ FSIQ CA VIQ CA PIQ
1. Male 13:3 55 97 75 12:7 59 13:3 99
2. Male 13:9 55 89 71 12:11 57 13:3 98
3. Male 13:11 55 87 70 12:10 64 14:0 79
4. Male 13:11 64 74 73 14:4 65 13:5 78
5. Male 14:3 55 77 72 13:6 57 14:3 72
6. Female 14:5 84 103 92 16:1 87 14:4 101
7. Female 14:7 110 86 98 14:7 110 14:8 84
8. Male 14:11 84 104 93 13.7 82 15:0 106
9. Male 17:1 75 96 84 16:6 71 16:8 97
10. Male 17:6 58 77 66 18:5 60 17:1 63
11. Male 18:1 55 101 76 17:11 55 16:10 103
12. Male 18:3 77 112 93 18:11 77 16:10 125
Mean 15:4 68.9 91.9 80.25 15:2 70.3 14:11 92.1
Range 13:3-18:3 55-110 74-112 66-98 12:7-18:11 55-110 13:3-17:1  63-125

matched for PIQ were drawn from a mainstream sec-
ondary school. Participants drawn from the latter
school were matched according to scores obtained on
a cognitive abilities test (CAT; NFER), commis-
sioned by the school, 3 months prior to the present
study. To avoid unnecessary ‘over testing’ we used
the CAT scores already available, rather than test
each PIQ-match pupil on the WASI. The CAT pro-
vides verbal, nonverbal and full IQ scores, and is
standardised on a large sample of children across the
UK (16,000). On their website, NFER (www.nfer-
nelson.co.uk) consider the verbal and nonverbal bat-
teries of the CAT to be analogous to the Wechsler
Intelligence Scale for Children (WISC). Paired sam-
ple t-tests confirmed that there were no significant
differences between the groups on the matching crite-
ria. Permission for each person to take part was
obtained from parents/guardians prior to participa-
tion.

Materials

All virtual environments were built in Super-
scape VRT and run on a laptop computer. Move-
ment around the environments was achieved with a
USB joystick and interaction with objects was
achieved with the mouse. All sessions were digitally
videotaped for later analysis. A quad-mixer was
used to produce split-screen filming of participants:
one section showed output directly from the com-
puter screen, and another showed output from the
video camera which was focused on the participant

using the environments. Instructions and checklists
were printed in large font, on white A4 card, and
laminated. Pictures of objects used for the training
sessions were printed directly from each of the dif-
ferent environments. The pictures were cut out indi-
vidually, laminated, and mounted on background
cards using Velcro.

Procedure
Tests of Executive Function

Prior to using the virtual environments, all par-
ticipants completed five out of the six tasks* included
in the Behavioral Assessment of the Dysexecutive
Syndrome (BADS; Wilson, Alderman, Burgess,
Emslie & Evans, 1986). This session was completed
on a separate day prior to use of the virtual environ-
ments. The BADS is a battery of six standardised
sub-tests, which provides a profile of executive func-
tion abilities. Rather than focusing on component
executive function skills, each test within the battery
taps a number of different aspects of executive
functions, making the tasks more akin to solving
everyday problems, which frequently require the co-
ordination of a number of related abilities. A brief
description of each task is included in the appendix,
and full details can be found in Wilson et al. (1986).

* The ‘Modified Six Elements Test’ section of the BADS was not
administered to the participants in this study. After starting to use
it with some of the most high-functioning participants, it became
apparent that the test was very difficult to complete.
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The ‘Training’ Virtual Environments

Description of the Environment

These environments served a dual purpose. First,
they were designed to give participants opportunity
to practice using the equipment before entering the
Virtual Café (see next section). We wanted to make
sure that participants were comfortable with the joy-
stick, could interact with objects on the screen by
clicking on the mouse and had received the same
exposure to our specific environments prior to taking
part in the study. Second, they enabled us to investi-
gate how well participants responded to different task
demands in the VEs, such as navigating through open
and confined space, completing a search task, and
check whether performance changed over the course
of four trials.

The training environment consisted of a simple
building surrounded by open space (see Fig. 1(a)).
Inside the building, there were maze-like corridors
(see Fig. 1(b)). Moving around the outside and
inside of the building enabled participants to prac-
tice maneuvering in open and confined spaces,
respectively.

A large room was at the end of the corridor,
which contained eight different objects. The objects
could be seen only as a green square from a dis-
tance, but were revealed automatically as the user
moved closer (Fig. 1(c)). Clicking on an object with
the mouse moved the item to the black display bar
at the bottom of the screen (see Fig. 1(c) in which
the kettle has already been selected). There were five

(a)
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training environments in total. These were identical
except for the objects in the room at the end of the
corridor, which were categorised according to type
of object: cars, kitchen utensils, electrical equip-
ment, chairs, and tools.

Design and Procedure

Before participants used the equipment, the
experimenter demonstrated the task and explained
what participants would see and be expected to do.
The experimenter showed participants a laminated
sheet containing eight individual pictures of each of
the objects in the first room (vehicles), and placed
four of them on a laminated board with the num-
bers 1-4 printed along the top. The experimenter
explained that the four pictures chosen would be
the objects they would look for in a room at the
end of a corridor, in the order they appeared on the
card. The pictures chosen during this demonstra-
tion, and the order in which they appeared on the
board, were identical for each participant. This
board remained in clear view throughout the proce-
dure.

Next, participants were shown how to navigate
around the outside of the building and through the
corridor of the building. Once inside the room at
the end of the corridor, participants were shown
that objects first appeared as green squares and
could only be seen properly once the participant
moved closer to them. The experimenter started to
search the room to look for the first object shown
on the numbered card, making sure that some
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Fig. 1. (a) Outside view of the training environment; (b) corridor in the training
environment; (c) near and distant views of objects in the training environment; (d)
scene from the Virtual Cafe.
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nontarget objects were revealed first. Participants
were shown that clicking on an object with the
mouse moved it from the room, down onto the dis-
play bar, and a further click moved it back into the
room again (in the event of correcting any mis-
takes). After selecting the correct four objects, the
experimenter noted that the display bar and the
numbered card with pictures looked the same and
emphasized that the task was “to make that part of
the screen [point to display bar] look the same as
the card [point to card].”

After watching the experimenter demonstrate
the task, the participants completed four trials in
the training environment. The training environ-
ments were identical apart from the different objects
in the room at the end of the corridor. Each trial
began with participants navigating around the out-
side of the building, and then entering the corridor
in order to reach the ‘object room’. Every partici-
pant completed the trials in the same order: kitchen
utensils, electrical equipment, chairs, and tools. For
each trial, the four objects to be found in the room
were chosen at random, either by the participant or
the experimenter. The person choosing the objects
was alternated across the four trials, and whether
the experimenter or the student chose first was
counterbalanced between participants.

The Virtual Café

Description of the Environment

After completing the training trials, partici-
pants were given an opportunity to use the Virtual
Café, an environment taken from the Virtual City
of the Life Skills Project (Brown et al., 1999). The
environment was developed to support the learning
of daily skills in people with general learning dis-
abilities. It is more complex than the training envi-
ronment in a number of ways. First, it looks more
‘realistic’ through the use of sophisticated textures
and images. Second, there are people shown in the
environment: a barman behind the counter, and
two people standing facing each other at the bar
(see Fig. 1(d)). Third, there are both textual and
verbal prompts at different points within the café.
For example, when the user moves close to a table
they hear a voice in the program say ‘would you
like to sit here?’, and two text boxes appear on the
screen showing the words ‘yes’ and ‘no’. The user
needs to click on the text box to answer the ques-
tion, before being able to progress. Finally, there
are ‘areas of interaction’ in the café which flash red
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in order to prompt the user for a response. For
example, there is a menu on the table that flashes
red when the user sits down. Once the user clicks
on the menu, the food and drink options appear on
the screen, from which the user makes a choice.

Overall, both the training and the café environ-
ments required users to navigate with the joystick
and interact with objects using the mouse. However,
none of the more complex features of the café¢ were
included in the training environment. We were par-
ticularly interested in whether participants would
experience problems completing the tasks in the café
when complexity was added.

Design and Procedure

After completing the four training trials, partic-
ipants were told that they were going to sce a differ-
ent environment and that there were different tasks
to be completed. Participants were shown a check-
list of tasks, and were encouraged to read each task
aloud. They were told to complete the tasks in the
order they were shown on the list. The checklist
was visible throughout the session and listed the fol-
lowing tasks: (1) sit at the black table; (2) order
some food and drink from the menu; (3) pay for
the food and drink; (4) order a drink from the
counter; (5) pay for the drink. Each task involved a
number of subsidiary stages, which can be split into
three different types:

1. Communication—the computer asks the
user a question.

2. Interaction—the participant uses the mouse
to interact with a part of the screen (e.g.,
responding to a question, or making a
choice from the menu).

3. Navigation—the participant uses the joystick
to move from one area to the next, within
the environment.

Before entering the café, participants were
required to respond to three questions’, all of which
were presented verbally and textually by the com-
puter. Participants were then able to complete the
set list of tasks. The questions and a detailed break-
down of the tasks are included in the appendix.

Participants  received minimal prompting
throughout their use of the café environment. If

> One of these questions asked whether the user was in a wheelchair.
This was not relevant to the present study, but was included in the
environment because the Virtual Café had previously been used with
students with learning and physical disabilities (Brown et al., 1999).
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participants asked about the next task, they were
directed to read the checklist provided. Within
tasks, prompts provided were of an indirect nature
such that participants were not told exactly how to
complete a particular task. For example, saying
‘you need to eat your meal’, rather than ‘you need
to click on the plate of food’.

Understanding Representations

Part A: Virtual Cafe. Just after participants had
answered the three preliminary questions at the
start of the café, and before they completed the set
tasks on the list, participants were told that they
were going to see some items in the café and would
be asked to name them. The experimenter navigated
around the café and pointed to the telephone,
games machine, table, chairs, man and woman, in
that order for all participants. After labelling the
man and the woman at the bar, participants were
asked ‘What are they doing?” If participants
responded by talking about individuals (e.g., he/she
is talking), they were asked ‘Who is he/she talking
to? Participants were then asked ‘Are they doing
anything else?’ to elicit further ideas, until they had
exhausted all suggestions.

Part B: Bar Video. Once participants had com-
pleted the set tasks in the café, they were shown
a short clip of a video that showed a man and a
woman standing at a bar. This was filmed in an
empty bar, in order to match the conditions rep-
resented in the virtual café as closely as possible.
Again the couple were standing facing each other,
but were not actually talking. Participants were
asked to label the same items as in the virtual

4,
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café, in the following order: man, woman, tele-
phone, table, chairs, games machine. The same
questions were asked as before: ‘What are they
doing? and ‘Are they doing anything else?” Ques-
tioning took place approximately 30 minutes after
participants had answered the same questions
about the virtual café.

The video was always presented after partici-
pants had completed the questions and tasks in the
café. This was to make sure that responses about
the virtual café were not influenced by having previ-
ously answered questions about the video. That is,
it may have been that answering questions about
the video first prompted participants to answer in a
similar way about the virtual scene, or cue them
into a particular way of thinking. After completing
this part of the procedure, pupils were thanked for
their help (and given a sticker for their participa-
tion, where appropriate).

RESULTS AND DISCUSSION

Tests of Executive Function

Each of the five BADS sub-tests was scored
according to procedures described in Wilson et al.
(1986). Raw scores were then converted to a stan-
dardised profile score from 0 to 4, based on the per-
formance of Wilson et al’s control participants.
Results for mean profile scores of each individual
task (from a total of 4) are summarised in Fig. 2.
For each task, the PIQ-match group scored highest
and (except for the card shift test) the ASD group
scored lowest. Pair-wise comparisons were used to

EASD
B VIQ-match
OPIQ-match

Temporal
Judge

Zoo map

Fig. 2. Mean profile scores on BADS tasks according to group.
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Table II. Mean Time in Seconds (and Standard Deviations) for Each Group to Complete Each Stage of the Training Environments, and
Overall Mean Time for Completing the Combined Tasks in the Virtual Café

Task
Group Training Trial 1 Training Trial 2 Training Trial 3 Training Trial 4 Total time in café*
ASD 206.1 (100.8)
Open space 58.7 (8.9) 55.6 (8.6) 56.9 (12.8) 49.8 (5.1) -
Confined space 37.9 (17.4) 35.2 (10.9) 40.0 (24.2) 31.0 (7.8) -
Search task 87.1 (38.7) 86.7 (52.7) 69.1 (25.0) 61.6 (26.4) -
VIQ-match 262.36 (143.6)
Open space 57.3(11.9) 52.6 (10.2) 51.6 (9.9) 54.0 (11.9) -
Confined space 39.7 (17.5) 36.2 (13.9) 35.2 (8.7) 32.3(5.3) -
Search task 119.2 (92.6) 75.0 (19.0) 97.6 (56.7) 76.7 (31.7) -
PIQ-match 169.8 (49.7)
Open space 54.0 (13.2) 49.8 (6.1) 50.2 (6.5) 48.4 (4.8) -
Confined space 33.8 (14.3) 29.2 (5.2) 27.6 (3.7) 29.2 (5.5) -
Search task 68.7 (34.8) 67.2 (28.7) 65.1 (21.0) 61.6 (19.0) -

*Combined across all café tasks to give an overview of time taken.

determine whether there were differences between
matched groups on each task. Given that the data
for each task from the ASD group appeared in two
separate comparisons, the significance level was
adjusted to 0.025, using the Bonferroni correction.

There were no significant differences between
the ASD and VIQ-match group on any of the indi-
vidual tasks. In addition, the ASD group did not
differ significantly from the PIQ-match group on
the card shift test. However, the ASD group did dif-
fer significantly from the PIQ-match group, on
three of the four remaining tasks: Action Program
t(11) = 3.46, p<.025; Key Search #(11) = 2.86,
p <.025; Temporal Judgment #(11) = 3.56, p<.025.
On the final task, Zoo Map, a difference between
the two groups approached significance: #(11) =
2.54, p = .027.

Despite a general trend across tasks for the
PIQ-match group to gain higher profile scores
than the ASD and VIQ-match groups, the shape
of the profile for each group appears remarkably
similar. Perhaps most strikingly, the tasks did not
seem to pose a greater challenge for the ASD
group than the VIQ-match group.

The “Training’ Virtual Environments®

The use of the training environments was
divided into different stages: walking around the

© The value of n differs between some of the following statistical
comparisons, due to some participants being reluctant to begin
the training task by navigating around the outside of the building.

outside of the building (open space); walking
through the corridors (confined space); and com-
pleting the task in the ‘object room’ (search task).
Each stage was timed using a stopwatch. Partici-
pants were also classified according to whether they
completed the search tasks correctly. This required
selecting the correct objects (as shown on the stimu-
lus card) and matching them in the correct order.
Table II summarises the means and standard devia-
tions for all groups, across the four trials in the
training environment and the mean of the total time
spent in the Virtual Café.

Open Space

Generally, the PIQ-match group were quicker
than the other two groups at navigating around the
building across the four trials. However, analysis of
the data using a mixed ANOVA of 3(Group) x 4
(Trial), the second factor being a repeated measure,
revealed that there was no significant difference
between the groups and no significant interaction
between Group and Trial. There was a significant
main effect for Trial: F(3,24) = 5.85, p<.01. The
mean times taken, across groups, decreased from
Trials 1 to 4 suggesting improvement over time. This
trend was confirmed using Page’s trend test for both
the ASD and PIQ-match groups, with p<.01 and
p <.05, respectively. There was no significant trend
of improvement in the VIQ-match group. The mag-
nitude of the time reduction from Trials 1 to 4 was
also significant, but only for the ASD group; #(9) =
4.16, p<.005. Correlations between mean time taken
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and performance on the BADS tasks, using the
more conservative alpha level of 0.01, revealed only
one significant result between mean time and Action
Program profile score, in the VIQ-match group (r =
—.73, p = .01). This indicates that individuals who
took longer to navigate the outside of the building
tended to gain a lower score on the Action Program
task, which requires a physical manipulation of
objects to reach a particular goal. It could be that
this aspect of the task is related to the ability to
manipulate the joystick, such that the environment is
navigated successfully. Finally, correlations between
IQ and time taken in this stage of the task, again
with an alpha level of 0.01, showed no significant
associations in any of the groups.

Overall, the ASD group improved to the same
level as the PIQ-match group within four trials,
whereas the VIQ-match group did not seem to benefit
from practice to the same extent. The lack of any sig-
nificant associations between time taken to complete
the task, and background characteristics, suggest that
good performance in the ASD group was not related
with age, IQ or executive function abilities.

Confined Space

Participants in all groups tended to complete
this section of the environment in very similar
times. Again, using a mixed 3(Group) x 4 (Trial)
ANOVA, there were no significant differences
between any of the groups. There was also no sig-
nificant main effect of Trial, and no Group x Trial
interaction. Page’s trend test showed that there
were no significant trends of improvement across
the four trials, within any of the groups and paired
t-tests showed no significant differences between
the first and last trials, for any of the groups. Cor-
relations between background characteristics and
time taken revealed only two significant associa-
tions. At an alpha level of 0.01, the first associa-
tion was with chronological age of the VIQ-match
group (r = —.73, p< 0.01), which suggests that
older participants tended to complete this stage of
the task in a shorter period of time, perhaps
because older participants have had more experi-
ence with computers than younger members of the
group. The second significant association was with
Action Program on the BADS within the PIQ-
match group (r = —.81, p < .01), which indicates
that participants gaining a higher profile score on
the Action Program task, tended to navigate the
corridors more quickly. There were no significant
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associations in any of the groups between time
taken and I1Q.

There are a couple of reasons why participants
may not have improved across trials. First, the pro-
gram is set at a ‘maximum speed’, making it impossi-
ble to improve with practice if performance is already
at, or near, ceiling. Alternatively, it may be that con-
fined space in a VE is more difficult to navigate than
open space. This is because the field of view is
reduced, which tends to result in users being less able
to consider their current orientation and how that
relates to where they want to go (Neale, 2001).

Search Task

Generally, the PIQ-match group appeared to be
at ceiling on this task, completing the trials quickly,
and in similar times, on each of the four trials. The
VIQ-match group showed an uneven profile, while
the ASD group seemed to improve across the four
trials. However, a mixed 3(Group) x 4 (Trial) ANO-
VA revealed that the groups did not differ signifi-
cantly from each other in terms of overall time taken
to complete the task. There was a main effect for
Trial: F(3,33) = 3.92, p<.05, which was in the direc-
tion of progressive improvement (see Table II). There
was no significant interaction between Group and
Trial. There was a significant trend of improvement
across trials for the ASD group, according to Page’s
trend test, at p <.01. There was no significant trend
across trials for the VIQ- and PIQ-match groups. In
addition, the magnitude of change from Trials 1 to 4,
within the ASD group, was significant using a paired
sample #-test: #(11) = 3.11, p<.05. This difference
was not significant in either of the other two groups.

The correlations between executive function
scores and background characteristics, and time
taken to complete the search task, revealed no sig-
nificant associations in the ASD group, or the VIQ-
match group (at alpha level 0.01). There were a
number of significant associations between back-
ground characteristics and mean time taken to com-
plete the search task in the PIQ-match group. There

was a significant relationship with VIQ (r = —.71,
p<.01); PIQ (r = =75, p<.01); FSIQ (r = -.74,
p<.01) and Temporal Judgment (r = —-.71, p<.01).

In each case, the negative correlation suggests that
individuals with higher scores on the standardised
IQ and executive function tasks, took less time to
complete the search task.

In this section of the training task, we were
also interested in whether participants completed
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the search task correctly. All participants were at
ceiling on matching the required objects in the spec-
ified order, without error. There was no occasion,
within any of the groups, in which an incorrect
object was chosen, or a correct object was moved to
an incorrect position in the display bar.

Generally, the ASD group seemed to derive
consistent, and significant, benefit from practicing
the task over four trials. Noticeably, the VIQ-match
group did not seem to improve across the trials,
instead showing a more erratic pattern of perfor-
mance. Significant associations in the PIQ-match
group suggest that IQ and executive function were
related with performance on the search task. Cru-
cially, there were no associations between time
taken and background characteristics in the ASD
group. This suggests that the reduction in time for
the ASD group, across the four trials, was not
restricted to those with stronger executive function.

The Virtual Café
Time Taken to Complete Tasks

The time taken to complete all the tasks in the
café was recorded (Table II). A one-way ANOVA
was unable to identify a difference between groups.
Correlations between background characteristics
and time taken to complete the tasks in the café
revealed a significant association with the Zoo Map
task, in the ASD group (r = -.78, p<.01). This
suggests that individuals in the ASD group with
higher scores on the Zoo Map task, tended to com-
plete the tasks in the café in a shorter period of
time. One aspect of the Zoo Map task involves
completing tasks in a clearly specified order, in
much the same way as tasks are completed in a set
order in the Café. This similarity could be reflected
in the significant association between the two tasks,
in the ASD group. There were no other significant
associations between variables in either of the other
two groups.

Completing the Tasks Successfully

The time taken to complete all the tasks in the
café provides a simplified view of how participants
completed this part of the procedure. A number of
sub-tasks in the café could have proved difficult for
participants, which would not be clear from the
overall time taken (see Appendix for details of ques-
tions and tasks). However, for each of the main
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tasks in the café, the majority of partici-
pants—across all three groups—completed them
without error and answered the questions correctly.
There were a few exceptions to this, for example
three members of the ASD group, three VIQ-match
and two PIQ-match participants, inappropriately
selected lager from the drinks menu, but all subse-
quently then chose a different drink when asked the
next time. In addition, one participant in the ASD
group responded ‘yes’ to the question ‘Do you want
a drink at the bar?” and proceeded to complete that
stage of the café before the sequence at the black
table.

The main difference between the groups when
completing the tasks in the café was during the pay-
ing sequences (when participants could click on
money on the screen to pay their bill, either with
exact money or by paying too much and receiving
change). Participants completed the paying sequence
twice—once while at the table and once after order-
ing a drink at the counter. More members of the
PIQ- and VIQ-match groups tended to supply the
exact money the second time, perhaps because they
had already received practice at the paying
sequence. The participants in the ASD group did
not seem to benefit from this practice, however,
with the same number of participants requiring
change the second time as at the paying sequence at
the table. Overall, though, while a few members of
the ASD group seemed to struggle with certain
aspects of the café tasks, they did not seem espe-
cially impaired relative to the VIQ-match group,
and the majority completed the tasks without error
or the need for prompts.

Understanding Representations

All participants correctly identified the tele-
phone, games machine, table, chairs, man and
woman in the Virtual Café, as well as in the Bar
Video. In response to the questions ‘What are they
doing? and ‘Are they doing anything else?’, the
main reply of interest (to either question) was
whether participants said that the people were talk-
ing. Table III summarises the number of respon-
dents in each group stating that the people were
talking to the barman or to each other (combined
across the two questions). Responses not included
were statements like, ‘just standing there’, ‘looking’,
‘moving their bodies’, ‘holding a drink’, and ‘waiting
for something.” The majority of participants in each
group said that the people at the bar were talking to
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Table III. Number (and Percentage) of Participants in Each
Group Saying that the People in the Virtual and Video Scenes
were Talking

Group Virtual Café Bar Video
ASD (n = 12) 8 (67%) 9 (75%)
VIQ-match (n = 12) 10 (83%) 12 (100%)
PIQ-match (n = 12) 10 (33%) 11 (92%)

each other, or to the barman. Members of the ASD
group were slightly less likely than the other groups
to give this response, but not significantly so (based
on y° analyses).

In addition to investigating whether partici-
pants noticed the similarities between the two forms
of representation, we also checked whether they
acknowledged essential differences; being able to
comment on sensible differences between the two
forms of representation would mean that they did
not consider them to be exactly alike. Therefore, on
a follow-up occasion, we informally questioned our
autistic participants about the differences between
virtual reality and video. Ten of the twelve original
group members were asked ‘In what ways are video
and virtual reality different from each other? Some
responses were very sophisticated, for example ““Vir-
tual reality is fictional and video is real”; *“ You can
look around on virtual reality—it’s more interac-
tive. With a video you just have to sit and watch
what happens”. Others struggled to answer the
question, which lead the experimenter to ask more
focused questions, such as “Are there real people in
virtual environments?”” Seven out of the ten partici-
pants were able to acknowledge differences between
virtual reality and video, even if only at the basic
level of knowing that the people in virtual reality
were not real. Of the remaining three participants,
two thought that there were real people in the vir-
tual scene, and one thought it was possible to move
through a video with a joystick. Eleven out of the
12 VIQ-match participants were also questioned
about differences between virtual reality and video.
All stated that the people in VEs were not real, but
that people in videos were. Overall, it seemed that
the majority of participants questioned understood
something about the representational nature of vir-
tual environments.

Social Appropriateness

One of the interesting behaviors observed in
pilot sessions with a group of adults with Asperger

459

Syndrome, was the tendency to navigate between or
very near to the couple standing at the bar in the
Virtual Café, en route to buy a drink. This behavior
seems socially inappropriate, especially as there was
a large empty space at the bar, to the right of the
couple (see Fig. 1(d)). We were keen to investigate
whether this behavior would be shown by any of our
participants in the main study and, if so, whether
this effect would be more likely in the ASD group in
particular (as suggested in an earlier pilot study).

The video segments of participants moving
from the black table over to the bar were edited
together on one tape, in a randomly generated
order. This segment of video was not available for
one VIQ-match participant, resulting in his matches
from the other two groups being excluded from the
following analyses also. Ten naive raters (five males,
five females) were asked to code each of the 33
video segments according to two criteria. The first
was a categorical measure, which asked raters to
code what they saw according to whether the user
walked around, near, into (bumped) or between the
couple at the bar. The second was a subjective mea-
sure, which asked raters to judge on a scale of 0-3
the extent to which the user intended to avoid the
couple at the bar, with 0 being ‘no intention to
avoid’ and 3 being ‘clear intention to avoid’. All rat-
ers watched the video segments in the same order,
either individually or in pairs. There was no discus-
sion or collaboration allowed between the raters.

For the sake of brevity, and to avoid repeti-
tion of findings in relation to social appropriate-
ness, only the results from the ‘intention to avoid’
ratings will be included below. The pattern of data
from the categorical ratings, between matched
pairs and for within group correlations, was
almost identical. The only exceptions are where
data from the categorical measure were used in
additional analyses, and these are reported sepa-
rately.

‘Intention to Avoid’ Ratings

The mean scores (from 0 to 3) across raters for
this dimension are shown in Figs. 3 and 4, accord-
ing to paired match in ascending VIQ and PIQ,
respectively. A rating of 0 represents ‘no intention
to avoid’ and a score of 3 represents ‘clear intention
to avoid’. In most cases, the variance is narrow and
the error bars do not overlap, suggesting good
agreement between raters, and a difference between
the ASD participants and their matches.
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Members of the ASD group with lower VIQs
tended to be rated as having a lower intention to
avoid compared both with their VIQ matches and
the higher VIQ members of the ASD group. The
data were submitted to a 2 (Group) X 11(Pair)
mixed ANOVA, which showed a significant main
effect for Group (F(1,9) = 7.75, p<.05) and Pair
(F(10,90) = 9.02, p<.001), and a significant Group
x Pair interaction (£(10,90) = 19.9, p<.001). The
main effect for Group is in the expected direction
with the ASD group rated as having less intention
to avoid than the VIQ-match group.

A series of paired r-tests explored the nature of
the significant interaction. The participants in pairs
1, 2, 4, 6 and 7 differed significantly from each other
in the direction of the main effect. In each pair, the
participant with an ASD was significantly more likely
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to be rated as having a lower intention to avoid the
couple at the bar (Pair 1: #(9) = 7.6, p<.001; Pair 2:
t(9) = 5.2, p<.005; Pair 4: (9) = 2.7, p<.05; Pair 6:
t(9) = 4.8, p<.005; Pair 7: 1(9) = 7.2, p<.001). By
contrast, two of the pairs at the upper end of the
VIQ range differed significantly from each other in
the opposite direction. The VIQ-matched partici-
pants in Pairs 8 and 10 were significantly more likely
than their ASD counterparts to be judged as having
a lower intention to avoid the couple at the bar (Pair
8:1(9) = 7.6, p<.001; Pair 10: #(9) = 4.6, p <.005).
The same 2(Group) x 11 (Pair) mixed measures
analysis was applied to the data from the ASD
group and their PIQ matches. There was a signifi-
cant main effect for Group (F(1,9) = 6.62, p<.05)
and Pair (F(10,90) = 21.5, p<.001). The effect for
group was in the expected direction with a lower
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Fig. 3. Mean rating of ‘intention to avoid’ for pairs matched according to VIQ.
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Fig. 4. Mean rating of ‘intention to avoid’ for pairs matched according to PIQ.
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mean score in the ASD group compared to the PIQ
group. There was also a significant Group X Pair
interaction (F(10,90) = 9.8, p<.001). Paired com-
parisons revealed a similar, though less consistent,
pattern to that found for the ASD and VIQ-
matched groups. The ASD participants in Pairs 1, 2
and 7 were significantly more likely to be judged as
having a low intention to avoid the people at the
bar, compared to their PIQ-matches (Pair 1: #9) =
3.2, p<.05; Pair 2: (9) = 3.6, p<.01; Pair 7: ¢(9)
= 4.1, p<.005). By contrast, the ASD participants
in Pairs 8 and 9 were significantly less likely to be
judged as having a low intention to avoid, com-
pared to their PIQ-matches (Pair 8: #9) = 6.2,
p<.001; Pair 9: #(9) = 3.2, p<.05).

There were no significant correlations between
scores on individual BADS tasks and ‘intention to
avoid’ ratings for any of the groups, but there were
significant associations between ‘intention to avoid’
and IQ, but only in the ASD group: VIQ (r = .76,
p<.01; PIQ (r = 0.61, p<.05; FSIQ (r = 0.85,
p<.001; df = 9 in all cases).

Additional Analyses Using the Categorical Ratings

We also checked for an association between
participants’ general tendency to bump into things
in the virtual environment and the raters’ judge-
ments of whether they bumped into the couple. We
took a measure of ‘movement control’ that con-
sisted of the number of times each participant
bumped into the wall of the corridor on the fourth
training trial. This trial directly preceded the café
environment, thereby providing the most relevant
measure of participants’ ability to control their
movement through the environment. The mean
number of bumps into the corridor for each group
were as follows: ASD = 1.1 (SD = 0.94);
VIQ-match = 2.2 (SD = 1.8); PIQ-match = 1.2
(SD = 1.2). Correlations between number of bumps
in the corridor and number of raters judging that
the participant bumped into the people at the bar,
revealed no significant associations within any of
the three groups. In other words, a general measure
of movement control did not predict a judged ten-
dency to bump into people at the bar.

GENERAL DISCUSSION

This study aimed to systematically investigate
the use and understanding of virtual environments

461

by people with ASDs in the ‘non retarded’ full-
scale 1Q range (DSM-IV, 1994), compared to clo-
sely matched control groups. Participants practised
using the equipment over a series of four training
trials, and also completed a number of tasks in a
Virtual Café. Time spent completing tasks was
examined, as well as any errors made. We also
included some preliminary investigations into under-
standing VEs as having representational qualities
and considered the social appropriateness of partici-
pants’ performance.

Given the lack of information available in the
background literature regarding the performance of
people with ASDs in virtual environments, we were
not sure what to expect from the present group.
Overwhelmingly, however, the picture of their abil-
ity to use the technology is positive. Participants
with ASDs learned to use the equipment quickly
and showed significant improvements in perfor-
mance after only a few trials in the training environ-
ment. The VIQ-matched group was different in this
respect, tending to show a less consistent pattern of
performance and failing to demonstrate significant
time improvements across the four trials. The per-
formance of the ASD group is even more striking
in the context of their weak executive function abili-
ties, as assessed on standardised tasks. In order to
successfully complete tasks in the virtual environ-
ments, participants needed to follow instructions,
inhibit incorrect responses, keep track of goals and
co-ordinate use of equipment to achieve specified
aims. While there were links between speed of per-
formance and executive function in the VIQ-match
group, the same was not true for those with ASDs.
Despite weaker executive function abilities than the
VIQ-match group (although not significantly so),
the participants with ASDs outperformed the VIQ-
match group in terms of making improvements
across trials on time taken to complete tasks.

It is possible that the structuring of tasks within
the environments provides extra support for people
with weaker executive abilities, thereby supporting
performance on the tasks in the virtual environments
and preventing any association with the standardised
BADS tasks. However, it is not clear why this effect
should operate within the ASD group only. There
were a number of significant associations between
executive function scores and time taken to complete
different stages of the training environment within
the VIQ- and PIQ-match groups, suggesting that
there were shared demands between some of the
BADS tasks and performance in the training
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environment. Nevertheless, it remains likely that the
supportive structure of the environments, including
the checklist of tasks, enabled participants to focus
on the main tasks and complete them correctly.
Future virtual environments should be built with this
in mind, in order to provide supportive situations in
which participants can concentrate on target skills,
rather than struggling to overcome problematic exec-
utive demands. Additionally, gradually reducing the
level of support and structure provided over subse-
quent sessions could help to ensure that built-in
structure and prompts do not lead to ‘unrealistic’
scenarios in which responses could be rote-learned.
The presentation of scenes, and questions/tasks
within them could also differ slightly each time they
are presented to increase the flexibility of scenarios
and encourage participants to think through the sit-
uation each time (Parsons & Mitchell, 2002).

The majority of participants with ASDs experi-
enced few difficulties completing tasks in a Virtual
Café. Negotiating the main tasks in the café entailed
a relatively complex series of sub-tasks, such as
moving to the correct region of the room, answering
questions correctly and clicking on food in order to
‘eat’ before proceeding to the next stage. While a
few individuals in the ASD and VIQ-matched
groups required support from the experimenter to
complete some of the tasks (e.g., the paying
sequence), this was not the case for the majority. In
most cases, the participants with ASDs were not
different from the PIQ-matched group in terms of
ability to complete the tasks in the café in the speci-
fied order, without help from the experimenter.
Opverall, the use of the virtual environments by peo-
ple with ASDs was on a par with a group of nor-
mally developing PIQ-matched individuals.

A second main strand of investigation was
whether participants understood the virtual envi-
ronments as having basic representational qualities.
Encouragingly, the majority of participants with
ASDs in the present study interpreted the virtual
environment in a nonliteral way by suggesting that
the virtual figures standing at the bar were talking
to each other when, in fact, they were standing
facing each other in close proximity, but not talk-
ing. This suggests that participants imbued the fig-
ures with ‘people-like’ interpersonal behavior. In
addition, participants responded in a similar way
to video footage of some real people in a real bar,
suggesting that the two scenes were treated analo-
gously. This is reinforced by anecdotal evidence
from some members of the ASD group. For exam-
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ple, one female said “It looks just like a real café!”
when she first saw the virtual café, and one of the
males said “I just sat on those seats didn’t 1?7,
when shown the video of the bar, after completing
the tasks in the virtual café. This seemingly good
understanding of how VEs relate to the real world
is especially encouraging given that some of the
actions, and interactions, in the virtual café were
not particularly realistic. For example, participants
could choose items and ‘speak’ to characters in the
environment by clicking on limited choices
depicted in text boxes, which is quite different
from the way similar tasks would be tackled in the
real world.

Additionally, participants were able to verbal-
ize basic differences between virtual environments
and videoed scenes. The majority of participants in
the ASD group stated that the people in the virtual
café were not real, but that people in the video were
real. This suggests that despite answering questions
about the video and the virtual environment in a
similar way, participants were not thinking of them
as exactly the same. It seems that the majority of
the present group of participants were able to make
a distinction between reality and representation, at
least at this very basic level. Further evidence for
the ability of autistic participants to distinguish rep-
resentation from reality has been reported in Par-
sons and Mitchell (1999). Children with autism
were able to make correct judgments about the con-
tent of a story protagonist’s belief, with the aid of
pictorial thought bubbles, whilst also judging cor-
rectly about the current state of reality. Neverthe-
less, it is worth noting that two members of the
ASD group in the present study said there were real
people in the virtual café, suggesting a need for cau-
tion when using the technology with some members
of this clinical group.

The final area of investigation followed up an
observation from a pilot group of participants with
ASDs, who showed a tendency to navigate very
near to the people at the bar when ordering a drink,
rather than moving to the large, clear space to the
right of the couple. Ratings from naive coders who
watched video clips of participants’ navigation from
the table to the bar, revealed an interesting pattern
of results when performance was compared between
members of matched pairs. Participants in the ASD
group, especially those with lower VIQs (from 55 to
75), were more frequently rated as walking between,
or bumping into, the people at the bar, and more
likely to be judged as having a ‘low intention to
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avoid’ the couple, compared to their VIQ-match
counterparts. Interestingly, the reverse pattern was
seen in some of the pairs with higher VIQs. Similar
results were found when ASD participants were
compared to their PIQ-matched counterparts,
although the pattern was not as consistent as with
the VIQ-match group. Significant correlations in the
ASD group between these ratings and IQ measures
support these findings.

There are a number of possible explanations
for this observed tendency. First, there could be a
general motor difficulty in executing the movements
necessary to avoid the couple. There is some evi-
dence that people with ASDs are impaired on tests
of fine and gross motor control, relative to normal
controls (Ghaziuddin & Butler, 1998; Ghaziuddin,
Butler, Tsai, & Ghaziuddin, 1994). It might be that
participants know they should avoid the couple at
the bar, but are unable to do so. However, our gen-
eral measure of movement control, which consisted
of the number of bumps each participant made into
the corridor wall on the fourth training trial,
showed no significant correlation with the number
of raters who judged the participant as bumping
into the couple. Indeed, the ASD group had the
lowest mean number of bumps into the corridor
walls, compared to the other two groups. It seems
that a motor difficulty in executing the correct
movement is an unlikely explanation for the
observed findings. However, it remains a possibility
that participants may have a particular difficulty
navigating around freestanding obstacles, like peo-
ple or objects, and not with moving past ‘fixed’
spaces like walls. Future research could include
direct comparisons of navigation around different
objects, using different kinds of navigational devices
(e.g., keyboard direction keys, game keypad), to
provide a more complete test of navigational abil-
ity.

Second, it could be that participants in the
ASD group bumped into the people at the bar
because they did not interpret the figures as repre-
sentations of people. This explanation also seems
unlikely given that the majority of participants
seemed to have some basic insight into the repre-
sentational quality of the virtual environment, and
seemed to interpret the figures as having ‘people-
like’ qualities. It is possible, though, for partici-
pants to understand the representational nature of
the figures, yet still relate to people as if they were
inanimate objects. This could signal a failure to
understand the special status of people in the
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social world (cf. Hobson, 1993). A third explana-
tion might be that executive weaknesses in plan-
ning the movement necessary to avoid the couple
at the bar contributed to the observed effect.
Again, this seems unlikely due to the fact that
there were no significant associations between
scores on tests of executive function and partici-
pants’ judged tendency to bump into the people at
the bar.

A remaining possibility is that some partici-
pants with ASDs (especially those in the lower
VIQ range) have a weak understanding of appro-
priate behavior concerning the personal space of
people in social situations, at least as presented in
a virtual environment. It could be argued that the
notion of personal space is not seen (by people
with ASDs, or anyone else) as applying to repre-
sentations of people in a virtual scene. However,
the finding that the majority of our non-autistic
participants made an effort to avoid the couple at
the bar, suggests otherwise. Anecdotally, teachers
of the participants included in the present study
reported poor understanding of personal space,
and inappropriate social contact, amongst members
of the group. This may apply only to those with
lower VIQs, since participants with higher VIQs
tended to exhibit few problems in avoiding the
people at the bar. On the other hand, it might be
that the difficulty with personal space is a rela-
tively coarse measure of social understanding,
which is not sensitive enough to elicit errors from
the higher-functioning participants.

Evidence is mixed regarding the extent to
which IQ is linked to social behavior and under-
standing. People with lower verbal abilities are less
likely to pass tests of false belief (Happe, 1995;
Sparrevohn & Howie, 1995), and links have been
found between an individual’s ability to pass false
belief tasks and their competence in everyday
behaviors (Fombonne, Siddons, Achard, Frith, &
Happe 1994; Frith, Happe, & Siddons, 1994). How-
ever, other studies have found no association
between IQ and developments in social understand-
ing in groups of children and adolescents with aut-
ism (Berger et al., 1993; Freeman, Del’Homme,
Guthrie, & Zhang, 1999). The finding that
participants with ASDs in the present study, with
lower 1Qs, were more likely to err on a task involv-
ing a social judgement suggests there may be a link
between IQ and social understanding. Of course,
this was in relation to a virtual, rather than real-
world, context; thus, it remains an open question
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whether 1Q has a significant association with social
understanding.

Nevertheless, some people with ASDs might
have difficulty understanding the norms and expec-
tations governing the acceptable negotiation of per-
sonal space. This lack of understanding may be
specific to social situations as depicted in virtual
reality, or it might be indicative of a deeper diffi-
culty with social spaces in real life. If the latter,
virtual reality may offer the ideal opportunity for
participants to learn about the appropriateness of
certain aspects of their behavior, in a safe and sup-
portive environment. Clearly, there is much poten-
tial for future research to investigate the extent
and nature of this difficulty. In particular, investi-
gations into whether participants’ sensitivity to per-
sonal space within the VE is linked to real-world
behavior would prove extremely insightful, as
would the possibility of whether the present results
could be replicated with a larger sample of partici-
pants.

Finally, although the results for the majority of
participants with ASDs were positive, a few seemed
to struggle with the tasks, and appeared to have dif-
ficulty understanding the virtual environment as a
representation of reality. As with most interven-

Parsons, Mitchell, and Leonard

tions/packages/styles of learning—especially within
this very heterogeneous clinical population—this
technology may not be suitable for everyone.
Encouragingly, though, most of the participants
with ASDs in the present study were as proficient
as their PIQ-matched counterparts in terms of their
use of the virtual environments. They also seemed
to understand the virtual café as appropriately rep-
resentational. This provides a promising starting
point from which the future development of virtual
technology for people with ASDs can build upon
and improve.
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Appendix. Summary of BADS Tasks

Task

Description

Rule Shift Cards Test

Action Program Test

Key Search Test

Temporal Judgment Test

Zoo Map Test

Measures the ability to shift from one rule for responding to
another; requires participants to keep track of the previous
stimulus and the present rule.

Requires participants to implement a plan of action in order
to solve a novel, practical problem. Involves the physical
manipulation of apparatus, rather than using a pen and
paper to achieve a solution.

A pen and paper task which requires the participant to plan
an efficient and effective course of action. Participants can
monitor their own performance by seeing how the line they
draw on the paper helps them to achieve the overall aim of
the task.

Asks participants to make a ‘best guess’ to four questions con-
cerned with the period in time of certain events, e.g., How
long do most dogs live for? How long is a routine dental
check-up?

A pen and paper task with ‘low demand’ and ‘high demand’
versions. The ‘high demand’ version requires participants to
plan a route around a zoo in order to visit a number of spe-
cified places, whilst observing certain rules. This assesses
planning ability, as well as ability to modify responses based
on feedback. The ‘low demand’ version requires participants
to follow a set of instructions in order to visit the same
places.
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Navigations

Communication

Interaction

A. Enter details

B. Find a table
C. Order food and drinks

Move to table

Waiter brings food

D. Pay for food and drink
D1. If correct money is given
D2. If change is needed

D3. If not enough money is paid

E. Order a drink from the bar Move over to the bar

A menu of drinks appears
Drink appears on bar

Are you male or female?
Are you over 18?

Are you in a wheelchair?
Would you like to sit here?

Waiter walks over and says Was
everything OK? Here is the bill.

Waiter says Well done. You gave me
the right amount of money.

Waiter says [how much change you
have].

Waiter says sorry. Its not enough
money. I need [x amount].

Waiter says Well done. You gave me
the right amount of money.

Barman says Do you want a drink
at the bar?

Barman says Have you been served?

Barman says Was everything OK?
Here is the bill.

Click on answers; Male or Female

Click on answers; Yes or No

Click on answers; Yes or No

Click on answers; Yes or No

Click on menu; Click on food
Click on drink

Click no food to eat it

Click on coins or notes; Click on

green OK arrow

Click on coins; Click on green OK

arrow

Click on answers; Yes or No

Click on choice of drink from menu
Click on the drink to drink it.

F. Pay for the drink (exactly same
as section D)

Note: Verbal prompts in italics, textual prompts in bold.
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