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Summary
Author: Stine Tanggaard
Title: Mental Imagery in Autism Spectrum Disorder: Scanpath Analyses
Supervisors: Bruno Laeng and Stephen von Tetzchner (co-supervisor)
Background: High-functioning individuals with autism spectrum disorder (ASD) are often
characterized as having atypical sensitivity to perceptual input. Heightened attention to details
and parts of visual objects is argued to lead to “more accurate perception” compared to
typically developing peers. The atypical perceptual processing style is further associated with
more accurate mental imagery than the normal population. In the normal population, accuracy
in mental imagery is associated with fidelity in gaze enactment during perception and visual
mental imagery of the same object. Objectives: To investigate whether visual mental imagery
is more accurate in individuals with ASD compared to typically developing individuals,
through the use of eye-tracking. Method: 16 high-functioning adults with ASD and 16
controls matched on age, gender, and education were recruited to participate. Scanpaths
during perception and imagery of a set of animal figures were compared for each subject
using MultiMatch analysis, a vector-based approach. It was expected that the possible
enhanced mental imagery in ASD would be distinguishable through higher scanpath similarity
across perception and imagery phases for each animal picture, and through group differences
in fixation count, saccadic amplitude, and pupillometry. Results: The scanpaths of the ASD
group across perception and imagery were less similar than those of the control group. Further,
there were no significant differences between the groups in fixation count, saccadic amplitude,
or pupil size. The ASD group scored lower on presence of autistic traits than expected, and
exhibited lower scores in intelligence and perceptual functioning compared to the control
group. Conclusion: The results indicate that for this type of task, mental imagery accuracy is
not enhanced in individuals with ASD compared to the general population. The unexpected
lower mental imagery accuracy score in the ASD group was interpreted as caused by
inadequate matching of the groups in nonverbal intelligence and perceptual ability. Technical
method related issues might have influenced the results. Further, the current study cannot
exclude the possibility that mental imagery is more accurate in some individuals with ASD
than in others. The experiment was part of a larger scientific work by Professor Bruno Laeng
and Professor Stephen von Tetzchner. Some of the data used in the present thesis were
collected prior to this study; the other data were collected by the present author.
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Mental Imagery in Autism Spectrum Disorder
Unusually sensitive sensory processing is often described in individuals with Autism
Spectrum Disorder (ASD). A heightened sensitivity to details alongside less influence by the
Gestalt principles are argued to result in “more accurate perception” (Happé, 1996; Pellicano
& Burr, 2012). This may lead to individuals with ASD outperforming typically developing
individuals in visual perception tasks where attention to detail is important. Visual perception
is closely related to visual mental imagery, where a perceptual representation is retrieved from
memory (Ganis, Thompson, & Kosslyn, 2004). There are several well-known cases where
individuals with ASD, such as Stephen Wiltshire, have shown excellence in drawing complex
scenes from memory (Mottron & Belleville, 1993). Individuals with ASD as a group have
also been found to perform better than matched controls on mental imagery tasks (Soulieres,
Zeffiro, Girard, & Mottron, 2011). It is not known why individuals with ASD possess altered
perceptual sensitivity and more detailed visual mental imagery, or how this interacts with the
core impairments in ASD.
Autism Spectrum Disorder
ASD is a complex and heterogeneous neurodevelopmental disorder which diagnostic criteria
are characterized by two defining domains. The first is persistent impairments in social
communication, exhibited as inadequate responses to social-communicative signals and
behaviors. This may be seen as difficulties in developing social relationships, adjusting to
social contexts, alongside lack of emotional response and understanding in verbal and
nonverbal interaction with others (American Psychiatric Association, 2013; World Health
Organization, 1992). The second domain is presence of restricted and repetitive behaviors and
interests. This rigidity often leads to inflexible routines and rituals that affect the daily
functioning of the individual (American Psychiatric Association, 2013; World Health
Organization, 1992).
ASD is considered heterogeneous both at the genetic, phenotypic, and behavioral level,
as symptoms and impairments may coexist independently of one another (Crespi, 2013;
Happé & Frith, 2006; Murdoch & State, 2013; Persico & Bourgeron, 2006; Van der Hallen,
Evers, Brewaeys, Van den Noortgate, & Wagemans, 2015). There is no single explanation for
the etiology (Van der Hallen et al., 2015). Symptoms might not be visible until demands of
the society exceed coping skills or acquired personal compensatory skills (Frieden, Jaffe,
Cono, Richards, & Iademarco, 2014).
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The prevalence rate of ASD is 1 in 68 in the general population (Frieden et al., 2014),
and the male-to-female ratio is 4:1 (World Health Organization, 1992). The prevalence rate
has increased considerably over the last few decades, without researchers being able to
pinpoint exactly why (Saracino, Noseworthy, Steiman, Reisinger, & Fombonne, 2010). The
main contributing factor is probably the changes in diagnostic criteria, but also improved
knowledge among professionals and the public about the heterogeneity of the disorder
(Fombonne, 2009; Lord & Bishop, 2015; Persico & Bourgeron, 2006; Saracino et al., 2010).
It is suggested that the characteristic traits of ASD lie along a continuum that stretches
from clinically significant levels in ASD to milder forms in the general population (Ruzich et
al., 2015). Somewhat elevated levels of autistic traits have been found in first-degree relatives
of individuals with ASD compared to the general population (Holt et al., 2014; Ronald &
Hoekstra, 2014; Wheelwright, Auyeung, Allison, & Baron-Cohen, 2010). The assumption of
ASD as a continuously distributed trait enables estimation of heritability (Hallmayer,
Cleveland, Torres, & et al., 2011; Sandin et al., 2014). Twin studies indicate that the pairwise
concordance rate is significantly higher in monozygotic twins compared to dizygotic twins
(Hallmayer et al., 2011; Nordenbæk, Jørgensen, Kyvik, & Bilenberg, 2014). In addition,
shared environmental factors might contribute. Associations between perinatal obstetric
complications, parents’ age, and autistic traits have been reported in several studies (e.g.,
Hallmayer et al., 2011; Ronald & Hoekstra, 2014).
Atypical Perceptual Processing
A specification within the diagnostic criteria describing fixated interests and repetitive
behaviors is the presence of atypical sensitivity to sensory stimuli (American Psychiatric
Association, 2013; Vivanti et al., 2013). The visual processing style exhibited by individuals
with ASD has been referred to as yielding “more accurate perception” (Pellicano & Burr,
2012), with a preference for local details over global gestalts (Happé & Frith, 2006). Atypical
perception is not necessarily impairing per se, but it may still contribute to our understanding
of the complex underlying cognitive signature of ASD.
Individuals with ASD whose general cognitive ability is within or above the normative
average range are referred to as high-functioning (Narzisi, Muratori, Calderoni, Fabbro, &
Urgesi, 2013; Volker, 2012). Narzisi and colleagues (2013) examined the cognitive profile of
children with high-functioning autism, and found that they were impaired in attention,
language, learning, and particularly in executive functioning, while visuospatial abilities were
relatively spared. Several lines of research indicate that individuals with ASD frequently
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perform better on visuospatial- and perceptual tasks than predicted by the level of their
general cognitive abilities (Caron, Mottron, Berthiaume, & Dawson, 2006; Drake & Winner,
2009). Thus, compared to other cognitive abilities, perceptual abilities are spared but also
different from perception in the normal population.
Shah and Frith (1983) published a report of atypical perception in ASD well over thirty
years ago. During the last decades increasing amounts of research on ASD has been devoted
to the study of atypical perceptual processing (Lord & Bishop, 2015), especially perceptual
organization. Regarding the visual domain, Wagemans and colleagues (2012) defines
perceptual organization as the balanced interplay between perceiving local and global aspects
of a visual scene. Important features of perceptual organization are figure grouping and
figure-ground organization (Wagemans et al., 2012). Several scholars argue that individuals
with ASD are less influenced than the normal population by Gestalt principles such as
similarity, proximity and closure (see for example Pellicano & Burr, 2012). Individuals with
ASD have been found to perform better than matched controls in figure grouping tasks
favoring bottom-up processing, such as detecting details in hierarchical stimuli with
incongruent gestalt (Behrmann, Thomas, & Humphreys, 2006; Mottron, Belleville, & Ménard,
1999).
Two major theoretical frameworks have been influential at the current understanding
of perceptual organization in ASD. The first is the weak central coherence (WCC) theory by
Frith (1989), later revised by Frith and Happé (1994). Frith (1989) used the term central
coherence to explain the tendency for typically developing individuals to extract the gestalt of
incoming information at the expense of detail processing – previously referred to by Bartlett
(1932) as “drive for meaning”. At first, Frith and Happé (1994) proposed that individuals with
ASD have a processing bias for details and local information at the expense of global gestalt
(Frith & Happé, 1994). The WCC has been further revised over the years and it is now
assumed that the detail-oriented tendency is more of a cognitive style characterized by
superior local processing, rather than a failure to process global gestalt (Happé & Frith, 2006).
The second influential theory is the enhanced perceptual functioning (EPF) theory by Mottron
and Burack (2001). This theory is based on the assumption that perception in ASD is locally
focused and global processing is more of a voluntary option, contrary to in the normal
population where the natural “drive for meaning” may disrupt local analysis (Bartlett, 1932).
At present it seems that the two lines of theory are converging towards an
understanding of atypical local processing in ASD without it necessarily precluding the ability
of perceiving global gestalt. Yet, evidence is based on research with a wide variety in subject
3

characteristics, experimental designs, and approaches (Narzisi et al., 2013; Van der Hallen et
al., 2015). Generalization across studies is therefore problematic. In addition, there might be
variance in operationalization of what is local and what is global, alongside different
explanations of visual processing per se (Van der Hallen et al., 2015). A meta-study by Van
der Hallen and colleagues (2015) examined 56 studies of perceptual processing in about 1000
individuals with ASD. The tasks utilized in the original articles were block-design,
categorization, discrimination, drawing, embedded figures, hierarchical figures, visual
illusions, and visual search. Applying a formal meta-analytic approach, Van der Hallen and
colleagues could find evidence for neither enhanced local processing nor a deficit in global
processing. Nevertheless, when the relationship between accuracy scores in local-global
visual processing and response times were analyzed together, a group difference appeared:
The temporal display of the local-global processing balance differed across groups. Overall,
individuals with ASD were slower than matched controls when they had to attend to a globallevel and ignore incongruent local-level information in, for example, a hierarchical figure.
This indicates a local-to-global perceptual processing of tasks in the ASD group. In sum, Van
der Hallen and colleagues could not find support for either enhanced local processing, or
impaired global processing, only that the global processing was slower than in TD individuals,
which is in line with both theories’ assumption of a more optional or time-consuming global
processing in ASD compared to matched controls. Further, Van der Hallen and colleagues
found that the influence of visual processing level, that is, local versus global, differed
qualitatively across tasks and studies.
Caron and colleagues (2006) used a block-design test taken from Wechsler
intelligence scales (WAIS-III) to test the visuospatial ability of high-functioning individuals
with ASD compared to typically developing individuals that were matched on age, gender and
verbal intelligence. The task was to replicate patterns of 4, 9 or 16 red, white, and red-andwhite blocks. Weak perceptual cohesiveness was assumed to enable the individuals with ASD
to replicate the patterns faster, as they would not be influenced by the overall block pattern.
The results were in line with this assumption. Individuals with ASD replicated block-design
patterns faster than matched controls, especially when there was a meaningful overall pattern.
Participants with ASD were also significantly better at comparing two block-design patterns
and deciding if they were identical, irrespective of the block-design patterns having an overall
meaningful pattern or not. This indicates that global processing is not necessary impaired in
ASD.
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Further, when investigating long-term memory for block-design patterns, Caron and
colleagues (2006) found that irrespective of group, all participants were better at remembering
geometrical designs with overall meaningful patterns, compared to locally-oriented patterns
with no meaningful gestalt. When investigating persistence in iconic memory, 9 x 9 grids with
red or white cells resembling a checkerboard were used. The discrimination threshold for each
individual was first assessed, that is, the threshold for how similar two patterns could be with
the participants still noticing a difference between them. Subsequently there was a matchingto-sample task, similar to the second experiment. There were no significant differences
between the groups. Caron and colleagues argued that this study indicated that individuals
with ASD are able to choose visuospatial strategy depending on what is best suited in the task
at hand. Participants in the ASD group were able to construct global perceptual
representations when this was beneficial to the task, or when task completion required it. Thus,
the inclination to local processing in ASD does not necessarily preclude extracting the global
gist in perceptual tasks.
An inclination to local processing in ASD is supported by studies using eye-tracking
and visual event-related potentials (ERP) with electroencephalogram (EEG). Wang and
colleagues (2015) investigated how adults with ASD and matched controls freely scrutinized
natural scene images. They used a novel three-layered saliency model that differentiated
between pixel-level, object-level and semantic-level attributes. The saliency model revealed
that while matched controls gradually went from gazing at pixel-level salient features to
gazing at object-level and semantic-level salient features in the pictures, individuals with ASD
mostly remained focused at pixel-level features. Maekawa and colleagues (2011) investigated
top-down and bottom-up visual information processing in adults with high-functioning ASD
and matched controls using visual ERPs via EEG. They discovered that individuals in the
ASD group displayed an abnormal electrophysiological processing pattern, which they
interpreted as due to differences in perceptual integration. Compared to matched controls, the
ASD group exhibited faster target detection. The electrophysiological processing pattern in
the ASD group revealed abnormally low P1 amplitude, indicating that the lower level visual
processing is abnormal in ASD compared to the patterns usually found in the normal
population (Maekawa et al., 2011). Maekawa and colleagues suggest that this may be related
to a bias in local visual processing associated with ASD. The activation patterns also indicated
impaired top-down processing in the ASD group by a prolonged and reduced P300 latency
compared to the control group. There were no differences across the groups in visual
mismatch negativity amplitude and latency, reflecting intact pre-attentive bottom-up
5

processing in both groups. Maekawa and colleagues suggest that the preserved pre-attentive
bottom-up processing aids faster target detection. This suggestion is supported by both eyetracking analyses (Joseph, Keehn, Connolly, Wolfe, & Horowitz, 2009) and measurements of
changes in the eye’s pupil diameter (Blaser, Eglington, Carter, & Kaldy, 2014).
Although the relationship between locally oriented perceptual processing and global
processing remains a subject of ongoing debate, research indicates a clear inclination to, and
possible enhancement of, detail oriented local processing in the perceptual style of individuals
with ASD compared to the normal population. Visual perception is functionally closely
related to visual mental imagery and the two share neural mechanisms in the brain (Cichy,
Heinzle, & Haynes, 2011; Ganis et al., 2004). Given the enhanced attention to details and
low-level characteristics of visual input in ASD compared to the normal population (see for
example Mottron, Dawson, & Soulières, 2009), one should expect a more accurate and
detailed mental imagery in ASD compared to matched controls.
Mental Imagery in Autism Spectrum Disorder
Visual mental imagery, or “seeing with the mind’s eye”, describes the process whereby a
perceptual representation of a stimulus is created in the absence of visual sensory input
(Kosslyn, Thompson, & Ganis, 2006). Kosslyn and colleagues (2006) argue that the process
might be viewed as a form of visual episodic memory. Some studies have indicated a stronger
performance by individuals with ASD as compared to controls in retrieving perceptual
content from memory. Heaton, Ludlow, and Roberson (2008) paired different animal
drawings with different color patches and presented them to children with ASD and two
control groups consisting of typically developing children and children with moderate
learning disabilities. In the a subsequent part of the experiment, the children were presented
with an animal paired with one identical and two very similar color patches as the animal was
paired with in the previous round. Heaton and colleagues asked the children to identify which
of the color patches that had been presented together with the animal in the previous round.
The ASD group performed significantly better than chance level, whereas the two remaining
groups did not. Heaton and colleagues suspected that the ASD group was less influenced by
linguistic processing of animal categories than the two control groups, and instead devoted
their focus to processing the perceptual information. This result corresponds with the outcome
of similar studies such as Sahyoun, Belliveau, Soulières, Schwartz, and Mody (2010) and
Kana, Keller, Cherkassky, Minshew, and Just (2006).
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Kana and colleagues (2006) suggest a greater inclination for individuals with ASD to
use visual imagery for comprehending sentences, compared to a control group. Kana and
colleagues used functional magnetic resonance imaging (fMRI) was used to compare the
neurological signature of sentence comprehension in individuals with ASD and a matched
control group. They compared task-related neural activity for sentences with high versus low
visual imagery content. Across different tasks, the ASD group exhibited more task-related
activity in posterior brain-regions, associated with visual mental imagery, and less activity in
frontoparietal areas, associated with linguistic processing and working memory. The pattern
was opposite for the control group.
Soulieres and colleagues (2011) used mental rotation tasks to investigate mental
imagery in 23 young adults with ASD and 14 control individuals who were matched to the
ASD group on age and intelligence quotient. Participants in the ASD group were separated in
two groups according to their score on the block-design subtest of WAIS-III. The mean of the
high block-design group (n=11) was 3.9 SD above the mean of the WAIS-III norm group,
which is higher than 99 % of the general population (Wechsler, 1997). The other ASD group
and the control group both scored in the average range on the block-design test.
The first experiment investigated the ability to form a mental imagery of an object and
to translate this mental image to be part of another two-dimensional image physically
presented. Four letters appeared on a computer screen, followed by a spatially segmented
circle with a fragment of one of the four letters inside. Participants were asked to create a
mental image of the letter that was partly visible, and then to decide which part of the circle
that would contain the largest part of the letter. Participants provided their answer by pressing
one of two keys on a keyboard. When both ASD groups were compared to the control group,
the ASD groups had significantly higher accuracy scores.
The second experiment utilized mental rotation tasks with images of different kinds of
stimuli; two-dimensional geometric figures, three-dimensional geometric figures, drawings of
hands, and images of letters. A trial consisted of two stimuli presented simultaneously. In half
of the trials the stimuli were identical, but one was rotated in space up to 180° relative to the
other. In the other half of trials, one of the stimuli were the mirror image of the other, and
rotated up to 180°. The task was to identify if the stimuli were identical as fast as possible. In
mental rotation of complex, three-dimensional cube objects, the high block-design ASD group
had significantly higher accuracy scores than the other ASD group, which performed
significantly better than the control group. The same patterns of results were found in both
mental rotation of two-dimensional geometrical drawings and hand drawings. In the letter
7

rotation task, there was no difference across groups in accuracy score, but a significant
difference in response times. The high block-design ASD group was faster than the other
ASD group, while the controls were slowest.
Overall, individuals with ASD outperformed intelligence-matched controls in forming
and comparing mental images. Individuals with ASD with high block-design scores
performed better than individuals with ASD with average block-design scores and the control
group. Individuals in the ASD group with average block-design score performed at a level in
between the high block-design score group and the control group, but were generally slower
than the two other groups. The group difference in performance was largest in the complex
three-dimensional figures tasks. The differences in scores between the two ASD groups might
indicate that superior visuospatial abilities are present in some individuals with ASD and not
in others. In addition, there was a main effect of angle in the complex, three-dimensional
mental rotation task. The accuracy score of all three groups decreased as the angular offset in
the figure was increased. According to Soulieres and colleagues (2011) this result suggests
that all three groups used a similar approach in the rotation process. Thus, the group
differences in mental rotation were merely due to the creation and maintenance of the mental
imagery per se. In the letter rotation task, the effect of angle was only evident in the ASD
groups, while the control group performed at the same level regardless of the angular offset of
the stimuli. Soulieres and colleagues suggest that the control group possibly processed the
letters as wholes due to their linguistic concepts of letters, while the ASD individuals
processed the letters according to their perceptual features, like in the other rotation tasks.
The above research indicates that individuals with ASD use visual mental imagery
more than the normal population (Kana et al., 2006), and that individuals with ASD are better
at creating and maintaining mental imagery of complex three-dimensional figures (Soulieres
et al., 2011). The latter study used mental rotation tasks with responses that were scored
according to accuracy. Measuring the accuracy of mental imagery is challenging, as the
experience of a mental imagery is essentially a private experience. One alternative approach
that might be a fruitful approach in this endeavor is the use of eye-tracking. In fact, the pattern
of gaze elicited during visual mental imagery is highly similar to the pattern of gaze produced
during perception of the same object or scene in the normal population (Laeng & Teodorescu,
2002) . Moreover, the degree of similarity in gaze patterns across perception and imagery is
found to be related to mental imagery accuracy in the normal population (Laeng, Bloem,
D’Ascenzo, & Tommasi, 2014).
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Using Eye-Tracking to Investigate Mental Imagery
Hebb (1968) and (Neisser, 1967) suggested that eye movements had an organizing role in
visual mental imagery, because all parts of the image were not clear all at once, but instead
the parts of it had to be inspected like it was a perceptual image. Hebb (1968) also
hypothesized that gaze could trigger sequential recall of the different parts of visual memories.
The early research was criticized because of methodological difficulties such as
operationalization and validity issues related to the subjective nature of mental imagery
(Pearson, 2014). Nevertheless modern research methods confirms that mental imagery entail
oculomotor activity resembling perceptual scrutiny of physical stimuli (Bochynska & Laeng,
2015; Laeng et al., 2014). In accordance with this, visual mental imagery has been found to
rely largely on the same neural networks as visual perception (Cichy et al., 2011; Dentico et
al., 2014; Ganis et al., 2004). Hence using eye-tracking seems to be a reliable way of
investigating the accuracy of mental imagery. Eye-tracking is also a relatively easy tool to use
(i.e., not requiring advanced knowledge in either programming or signal-processing methods)
and it is completely non-invasive.
Current eye-trackers typically capture oculomotor activity by using infrared light to
illuminate the eye, and gaze movements using an infrared-sensitive video camera. The
relative positions of the cornea and the pupil of the eye are used to calculate the ever changing
direction of gaze (Boraston & Blakemore, 2007), consisting of saccades and fixations.
Saccades are the continuous, quick movements of the eyes (Rayner, 2009), while fixations are
the moments of gaze to spatial locations for long enough time to allow processing of visual
information from that location (Boraston & Blakemore, 2007).
As detailed vision (i.e. 50 to 100 % of maximal resolution) spans over only 2% of the
visual angle of the fovea (Holmqvist et al., 2015), detailed scrutiny of an object requires the
eyes to continuously make small saccades in order to bring into foveal focus the different
parts of the object of interest (Holmqvist et al., 2015; Noton & Stark, 1971a; Yarbus, 1967).
Thus, the gaze direction is indicative of the spatial attention of the individual (Rolfs,
Jonikaitis, Deubel, & Cavanagh, 2011), and indirectly reveals information about how the
brain process visual information (Holmqvist et al., 2015; Noton & Stark, 1971a). Previous
research indicates that fixation tends to dwell in locations of high saliency or regions packed
with interesting or useful information to the individual at the time being (Foulsham &
Underwood, 2008; Laeng et al., 2014; Leek et al., 2012; Noton & Stark, 1971a, 1971b; Rolfs
et al., 2011; Yarbus, 1967).
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Yarbus (1967) discovered that eye movement pattern during reiterated scrutiny of the
same object were often repeated or quite similar. Noton and Stark (1971a, 1971b) defined
these repetitive, fixed eye movement patterns as scanpaths. Noton and Stark (1971a); (1971b)
put forward the scanpath theory, arguing that scanpaths are generated top-down and stored as
part of object or scene representation. According to this theory, scanpath during recollection
or during a second view of a particular scene should be identical or quite similar to the
scanpath made during the first “learning” phase. The theory predicts that scanpath similarity
should be greater within individual and figure than across individuals and/or figures.
Although there is little research to confirm completely identical scanpaths in figure
observation within-subject across trials (Foulsham & Underwood, 2008; Johansson,
Holsanova, Dewhurst, & Holmqvist, 2012), it seems that the general pattern of oculomotor
activity during perceptual scrutiny is stored in memory as a part of the object or scene
representation (Bochynska & Laeng, 2015; Johansson & Johansson, 2014; Laeng et al., 2014;
Laeng & Teodorescu, 2002). Moreover, Bochynska and Laeng (2015) found that reenactment
of scanpaths during retrieval of previously seen checkerboards-like stimuli facilitated pattern
recognition.
Holmqvist and colleagues (2015) defined scanpaths as the pattern of oculomotor
events through space within a given timespan. Scanpaths encompass oculomotor
characteristics pertaining to both the spatial and the temporal domain (Dewhurst et al., 2012;
Foulsham, Dewhurst, et al., 2012). Usually, scanpaths are measured and represented using
grid-based quantization methods such as areas of interest (AOI), or attention map measures
(Jarodzka, Holmqvist, & Nyström, 2010). Laeng and colleagues (2014) investigated the role
of gaze in mental imagery by monitoring oculomotor activity with a remote eye-tracker.
Pictures of eight different animals were presented on a computer screen one by one. After
looking at an animal for five seconds, the screen went blank and the participants were asked
to imagine the animal. In line with previous research, Laeng and colleagues predicted that
during imagery, gaze would dwell in regions where salient features of the animal, such as the
animal’s head, previously were located. In order to investigate this, four equal, rectangular
AOI was defined for each animal picture. Simple regression analysis revealed a significant
correlation between gaze dwell within the four AOI during perception and imagery. The AOI
containing the animal’s head had a significantly larger proportion of mean dwell time in both
phases, which was interpreted as an indication of the head region being more important to the
perceiver than the other parts of the animal (Laeng et al., 2014). All animals were presented
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two times, facing both leftwards and rightwards, ruling out that this result was due to gaze
bias in certain directions during the imagery phase on the blank screen.
In the next experiment, participants were presented with a series of pictures of the
same animals. Half of the pictures were exactly identical as in the previous round, while the
rest were mildly resized. Participants were asked to judge whether the size of the picture had
been changed. The amount of correct responses across trials, and the mean percent dwell time
within each AOI was used to calculate a correlation score for each participant, assumed to
indicate degree of enactment. This value was subsequently used in a simple regression
analysis to predict accuracy scores in the size judgment task, revealing a positive correlation.
In addition, ANOVA of mean fixation duration revealed that fixation duration was longer
when picture size had changed. The results showed that there was a relationship between
degree of enactment and accuracy at the spatial size judgment task, and thus that there exists
some relationship between degree of enactment and mental imagery accuracy.
Another experiment was performed in order to control for involvement of visual
working memory. Similar animals were shown for 10 seconds, followed by a 15-minute break.
At this point the participants were parted in three groups. The duration of the imagery phase
was 10 seconds in across groups. In experiment 3A, participants were only asked to imagine
seeing a specific animal in the imagery phase. In experiment 3B, participants were asked
questions about characteristics of the animals that they could only answer by retrieving
memory from seeing the stimulus. No feedback was given on the answer, but was coded as
correct or incorrect by the experimenter. Laeng and colleagues (2014) predicted that
participants who did well at the questioning about image details would also show higher
similarity in gaze patterns during perception and imagery, and that participants whose gaze
was fixed would perform worse at the questioning. Mean percentage dwell time within each
AOI was computed for the perception phase and for the three different imagery phases. For
experiment 3A, the analysis revealed once again a significant correlation between AOI gaze
dwell durations across phases. For experiment 3B, there was a significant relationship
between the probed body part and percentage fixation dwell time at the AOI where it was
previously located during the imagery phase. Forced central fixation during imagery was
found to significantly impair correctness of answers to the questions probed in the experiment,
compared to free fixation.
To sum up, the patterns of gaze activity yielded a high correlation between perception
and imagery phases for each trial within subject. Spatial position of fixation locations during
imagery strongly resembled fixation locations during perception for the same object. In
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addition, participants spent overall longer time fixating at regions of the objects that was
judged by the experimenters to contain salient features, such as the head of an animal. This
study supports the assumption of the contribution of oculomotor activity in retrieving memory
traces (Bochynska & Laeng, 2015; Johansson et al., 2012; Johansson & Johansson, 2014), and
especially the small but significant beneficial effect of being able to fixate at the same
locations as during perception (Bochynska & Laeng, 2015; Laeng et al., 2014).
Nevertheless, Laeng and colleagues (2014) underscore that imagery has a dynamic
nature and therefore the precise locations of fixations during imagery may be altered (e.g.,
translated, rotated, compressed, etc.) compared to during perception. When recording “eye
movements to nothing”, that is, recording eye movements during imagery with a blank screen
(Richardson, Altmann, Spivey, & Hoover, 2009), the scanpaths may be subject to spatial or
temporal offsets compared to during perception. Another common effect is changes in
scanpath size, referred to as exaggeration or miniaturization of the scanpath (Dewhurst et al.,
2012; Foulsham, Dewhurst, et al., 2012; Jarodzka et al., 2010). These effects often constitute
a major problem for the usual grid- or area-based quantization methods because of these
methods’ limited ability to preserve accurately both spatial and temporal properties of the
scanpaths when these are geometrically distorted (Dewhurst et al., 2012). However,
alternative methods with the potential to resolve this problem do exist. MultiMatch is a
recently developed scanpath comparison tool, especially well fitted to mental imagery
research because the exact characteristics of scanpaths are preserved (Dewhurst et al., 2012;
Foulsham, Dewhurst, et al., 2012; Jarodzka et al., 2010).
MultiMatch Scanpath Analysis
MultiMatch is a recently developed scanpath comparison tool that measures the degree of
similarity between two scanpaths based on five dimensions; scanpath shape, -length, direction, fixation positions, and -durations (Dewhurst et al., 2012; Foulsham, Dewhurst, et al.,
2012; Jarodzka et al., 2010). MultiMatch is developed and used in MATLAB, a technical
computing environment and programming language (MathWorks, 2013). Anderson, Anderson,
Kingstone, and Bischof (2015) refer to MultiMatch as a robust and exciting state-of-the-art
scanpath comparison technique in their recent review of scanpath comparison techniques.
Instead of the common grid- or area-based quantization (Anderson et al., 2015;
Dewhurst et al., 2012) saccades are represented as geometrical vectors with direction and
length [u = (x, y)], connecting fixation points with the shortest route between them (Dewhurst
et al., 2012). This procedure preserves the inherent characteristics of the oculomotor data, as
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both position and sequence of fixations are directly used in the following analysis (Dewhurst
et al., 2012; Foulsham, Dewhurst, et al., 2012; Jarodzka et al., 2010). The required input is the
order of fixations, fixation coordinates in x, y space, and the duration of fixations. These raw
scanpath data constitute a computational challenge that may result in datasets that are almost
impossible to interpret (Dewhurst et al., 2012). All input data are therefore filtered according
to two manually adjustable simplification procedures, namely amplitude-based and directionbased clustering. Amplitude-based clustering means that successive saccade vectors (u1, u2, …
um) with amplitudes below a certain amplitude threshold are merged, forming a new vector (u’
= u1 + u2 + … + um). Direction-based clustering ensures that successive saccade vectors with
similar angular direction are merged, because the individual vectors would not contribute with
information to the overall shape of the scanpath. The simplification process is a computational
loop that goes on until no further simplification is possible (Dewhurst et al., 2012). The
default settings used by the developers are amplitude thresholds of 10 % of screen diagonal
and direction thresholds of 45 ° angle (Dewhurst et al., 2012; Foulsham, Dewhurst, et al.,
2012; Jarodzka et al., 2010).
The two simplified scanpaths (S1 = u1, u2, … um and S2 = v1, v2, … vn) to be compared
are temporally aligned using a comparison matrix and the Dijkstra (1959) algorithm. The
algorithm computes the shortest path through the comparison matrix, that is, through the cells
with the smallest differences (uj - vj) between the two scanpaths, from the top left cell to
bottom right. Subsequently, the aligned scanpaths are compared according to similarity in
saccade vector shape (ui – vj), saccade vector length (||ui – vj||), fixation positions, saccade
vector direction (angle), and fixation durations (Jarodzka et al., 2010). The final output is five
values between [0, 1] that indicate how similar two scanpaths are according to the dimensions
shape, length, position, direction and duration. Which measures to use depends on the
experimental questions at hand.
At present, mental imagery accuracy in the normal population has been successfully
investigated using conventional grid- or area based scanpath analysis of eye-tracking output.
Given the link between degree of fidelity in gaze enactment and mental imagery accuracy in
the normal population, the precise nature of MultiMatch scanpath analysis should enable more
detailed insights into the functional role of scanpaths in mental imagery. If individuals with
high-functioning ASD benefit from a more detailed mental imagery, this should be
distinguishable through a more “faithful” gaze enactment during mental imagery compared to
matched controls.
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The Current Study
The aim of this study was to compare the accuracy of mental imagery in ASD and matched
controls. Previous research indicate an inclination in high-functioning ASD to process
perceptual input in a detailed, bottom-up fashion (Narzisi et al., 2013; Van der Hallen et al.,
2015), which is associated with enhanced mental imagery ability (Soulieres et al., 2011).
Because of the functional role of gaze during imagery and retrieval of visual memories
(Bochynska & Laeng, 2015; Laeng et al., 2014), mental imagery accuracy in ASD and
matched controls was investigated by comparing scanpath characteristics during initial
perception and subsequent imagery of a set of animal drawings. Adults with high-functioning
autism and a control group matched on gender, age, and education level were included in the
study. The experimental design previously used by Laeng and colleagues (2014) was assumed
to be a potent approach when looking for a possible group difference in mental imagery
accuracy. Comparing scanpaths during perception and imagery allowed for investigation of
whether there was a group difference in the degree to which gaze would follow the same
spatial and temporal pattern during imagery as during perception.

Research Question and Hypotheses
The research question “do individuals with high-functioning ASD possess more detailed
mental imagery than typically developing individuals?” gave rise to a number of explicit
expectations. It was expected that the more detailed visual processing in ASD would lead to
more faithful gaze enactment during perception and imagery. In turn, a richer gaze pattern
should allow the construction of a more detailed mental image in the ASD, expressed as
higher MultiMatch vector similarity scores than in the control group. Similarly, because of the
inclination to bottom-up processing in ASD, higher MultiMatch fixation position scores were
expected in this group compared to in the control group. This would indicate that individuals
with ASD during imagery are even more prone to return their gaze to the precise locations
where salient details were located during perceptual inspection than the control group. It was
also expected that group differences in basic oculomotor data would further support the
superior role of individuals with ASD in mental imagery ability. It was expected that the ASD
group would exhibit saccades with larger amplitude and higher fixation count, compared to
the control group. Assuming that mental imagery demands less effort in ASD, we also
expected smaller averaged pupil size during imagery compared to the control group.
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Materials and Methods
Design
The experimental design was a characteristic matched pairs design (Kantowitz, Roediger III,
& Elmes, 2009; Toutenborg & Shalabh, 2010). The participants were matched on gender, age,
and years of education. The experiment was set up as a repeated measures design, because the
participants in the two groups were all exposed to the same stimuli in the same fixed
randomized order. The within-subject dependent variables were each participant’s oculomotor
data in the 16 trials, expressed as MultiMatch vector similarity score, MultiMatch position
similarity score, fixation count, saccade amplitude and mean percent dwell time within Areas
of Interest (AOI). The independent variables were group (ASD, controls) and phase
(perception, imagery).

Participants
Participants in the ASD group were recruited through cooperation with Autismeforeningen
(the Norwegian Autism Association) who sent out information about the study to their
members. Participants in the ASD group had all been diagnosed in accordance with the ICD10 (World Health Organization, 1992) either with autistic disorder (n=5) or Asperger
syndrome (n=11). The ASD group consisted of 12 males and four females, but two males and
one female had to be excluded from the analysis because of large deviations in the calibration
of gaze and subsequently invalid eye-tracking data.
Control participants were recruited through social media and posting in stores. Some
were recruited from e-mail contact with day-care facilities for intellectually disabled adults,
because it was assumed that the personnel there could be interested in participating. Some
were also students recruited from the University of Oslo. The control group consisted of ten
males and three females that were matched one-to-one to the ASD group on basis of gender,
age, and educational level.
All participants had correct or corrected-to-normal vision (with contact lenses), and
one participant wore glasses. No participants had other neurological or central nervous system
diseases or injuries, or other psychopathological conditions.
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Ethics
A written informational letter was sent out to potential participants prior to participation
(appendix A and B), specifying that they would experience no advantages by participation in
the experiment. Upon arrival participants provided their consent. Information about the
individual participants was stored and coded so that the results could not be tracked back to
the individual participant by others than the responsible experimenter who had access to the
coding sheet. The project was ethically approved by the Regional Committee for Medical and
Health Research Ethics (REK Sør-Øst): Appendix C. The project was funded by an internal,
departmental, small grant to the two supervisors, enabling payment of 100 kr per hour to the
participants.

Assessment
Raven’s Progressive Matrices (Raven, Court, & Raven, 1992) and Motor Free Visual
Perception Test 3rd edition (MVPT-3)(Colarusso & Hammill, 2003) was included to control
for intelligence and overall perceptual ability level. Participants in the ASD group filled out
the Autism Quotient Questionnaire (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley,
2001). Demographical characteristics and standardized test scores of the two groups are
summarized in table 1. Separate one-way ANOVAs indicated that there was no significant
difference between the groups in age, nor in years of education.
Raven’s Progressive Matrices. The matrices (Raven et al., 1992) were presented on
the stimulus screen instead of on paper as in the standard administration of the test. The
Raven test is a standardized, non-verbal, visual pattern recognition test that yields an
indication of the intellectual ability of the individual (Raven & Raven, 2003). The test
consists of 60 patterns (matrices) whereof one piece is missing, with six or eight alternative
pieces below. The participant has to report which of the pieces that would complete the matrix.
Raven’s progressive matrices raw scores were converted to percentiles using official
Raven’s standardization norm percentiles for the UK from 1992 (Raven et al., 1992).
Percentiles were then conversed to standard scores using a conventional conversion table
found online (MedFriendly, 2016). A one-way ANOVA indicated that there was a significant
difference in scores on Raven’s progressive matrices across groups, F(1,24) = 10.52, p = .003.
The ASD group scored lower on Ravens (M =80.92) compared to the control group’s scores
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on Ravens (M =95.92). The mean of the ASD group was low average range [80-90] while the
mean of the control group was in the average range [90-109].
Motor-Free Visual Perception Test 3rd edition. MVPT-3 (Colarusso & Hammill,
1972, 2003) is a standardized test used to assess perceptual functioning by using a stimulus
book and a scoring sheet. The participant must localize different kinds of target figures based
on the task at hand, in a multiple-choice format. The MVPT-3 has been normed on 1856
children and adults and it is appropriate for use on individuals with developmental delays or
learning disabilities, alongside typically developing individuals (Colarusso & Hammill, 2003).
MVPT-3 standard scores were used in a one-way ANOVA which showed that there
was a significant difference in scores on MVPT-3 score across groups, F(1,24) = 9.43, p
= .005. The ASD group scored lower on MVPT-3 (M =101.77) compared to the control
group’s scores on MVPT-3 (M= 120.69). The mean of the ASD group was in the average
range [90-109] while the mean of the control group was in the superior range [120-129]. At
last, Pearson correlation was run for Ravens score and MVPT-3 score for each group
independently, with no significant relationships to show.

Table 1
Participant Characteristics and Standardized Test Scores.
ASD

Control

n

M (SD)

95% CI

n

M (SD)

95% CI

13

34.23 (13.26)

[26.22 – 42.24]

13

34.54 (14.21)

[26.95 – 43.12]

Education 13

14.00 (3.00)

[12.19 – 15.81]

13

15.46 (1.94)

[14.29 – 16.63]

Ravens

13

80.92 (10.32)

[74.68 – 87.16]

13

95.92 (13.09)

[88.01 – 103.83]

MVPT-3

13 101.77 (14.59) [92.95–110.59]

AQ

13

Age

30.62 (9.61)

[24.81 – 36.42]

13 120.69 (16.76) [110.57–130.82]
-

-

-

Note. CI = Confidence interval. Education = Years of education. Raven’s scores and MVPT-3
scores has been standardized using conventional normalization. AQ-scores were only
gathered from participants in the ASD group.
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Autism Spectrum Quotient Questionnaire. Participants in the ASD group completed
the autism spectrum quotient questionnaire (AQ). The AQ provides a brief assessment of an
individual’s degree of traits associated with this spectrum (Baron-Cohen et al., 2001). Thus,
the AQ was only performed by the participants in the ASD group, in order to get an indication
of their level of autistic traits. The AQ is shaped as a self-administered questionnaire, and is
designed for individuals of normal intelligence who possess the capacity of reading and
discussing. The questionnaire consists of 50 statements to which the participant responds
whether he/she fully agree, partly agree, or not agree. The statements are created to assess the
core characteristics associated with the ASD diagnosis, such as social skills, attention
switching, and perceptual style. The scores may range from 0 to 50, where scores above 32 is
seen as indicative of clinically significant levels of autistic traits (Baron-Cohen et al., 2001).
The mean score on the AQ test across participants in the ASD group was 30.62 (SD=
9.61), range: 13-41. This was lower than expected, as the conventional lower threshold for
clinical autistic traits is 32 (Baron-Cohen et al., 2001). As evident from the standard deviation
and range values, there was a lot of variance in the AQ scores across participants, which may
explain this low score.
In addition, information about dominant eye and handedness was obtained for all
participants. In the ASD group, four had left eye as their dominant eye, eight had right, one
case of missing data. Regarding handedness, ten were right handed, one was left handed, and
two used both hands. In the matched control group, ten had right eye as their dominant eye,
four had left eye as dominant. All were right handed.

Instruments
Eye positions were sampled with a rate of 60 Hz using a SMI RED500 remote eye-tracking
device by SensoMotoric Instruments (SMI, Teltow, Germany). This system has a spatial
resolution of 0.03° of visual angle, and based on an algorithm it detects fixations with
durations of 80 ms or more and with dispersion below 100 pixels (SensoMotoric Instruments,
2016). The experiment was run on a Dell Latitude E6530 with Intel i7-3520M, CPU at 2.9
GHz, 4 GB RAM, and running Windows 7 at 32 bit.
SMI software iView 3.2® Experiment Center was used for presenting the experiment
stimuli, presented on a Dell P2213 VGA LCD monitor, 18.5” with diagonal length 47 cm.
The display resolution was set to 1680 x 1050 pixels. Key press data was obtained through the
use of a Dell L30U keyboard. The two relevant keys were marked with respectively red and
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green stickers. Participants were seated with their corneas 55 cm from the screen.
Minimization of head movements was secured using an adjustable chin rest and chair.
Stimuli. Pictures of eight different animals were presented twice, one time with the
animal facing rightwards and the other with the animal facing leftwards. Thus there were 16
trials in total. The animals, as seen in Figure 1, has previously been used by Laeng and
colleagues (2014) for a mental imagery experiment on normal individuals. Each animal was
placed within a white rectangle of size 12 x 9 cm, encircled by a gray background. The
resolution of each picture was 1680 x 1050 pixels. With viewing distance 55 cm, the figure
rectangle covered approximately 12.5° of visual angle. The trials were fixed but randomized.

Figure 1. Animal pictures used in the experiment. The animals were shown twice, facing
either rightwards or leftwards. The figures were obtained from the image database of
Viewpoint digital (1999).
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Analyses Method. As most of the participants reported that the right was their
dominant eye, eye-tracking data was obtained from the right eye. Raw data were preprocessed
using SMI BeGaze® analysis software. The data were manually checked in order to exclude
participants with unsatisfactory calibration levels or trials with severe outliers. Averaged
calibration accuracy (N= 26) was 0.55° angle (x offset) and 0.58° angle (y offset) (Grand M=
0.597, overall SD= 0.329).
Six participants had each one or two incidents of missing data, caused by performing
only one fixation in either the perception or imagery phase during eye-tracking. In fact,
MultiMatch analysis require at least two fixations in each phase (Jarodzka et al., 2010). Other
missing data were overcome by computing group average on the specific trial in which the
value was missing. The group average similarity score for the specific trial was then inserted
into the empty cell, as this does not affect the mean of the group.
Fixation data from each subject was plotted into MATLAB R2013b (MathWorks,
2013) with the Bioinformatics and MultiMatch toolbox (Foulsham, Nyström, & Dewhurst,
2012). MultiMatch analysis was manually performed on the N x 3 scanpath data arrays
consisting of fixation x, y coordinates and ancillary duration values, one for each phase
(perception and imagery), for all trials independently. MultiMatch scanpath comparison
toolbox scripts ‘plotScanpaths’ and ‘doComparison’ coded by Foulsham and colleagues (2012)
was utilized. The scripts were manually adjusted to fit the current project. Screen resolution
was set to 1050 x 1680 pixels; amplitude threshold was set to 10 % of diagonal pixel size,
198.1 pixels. Direction threshold was kept at 45° angle.
The script plotScanpaths(Scanpath1,Scanpath2), provides a plot of the two scanpaths as
series of lines and circles on the same axis, as seen in figure 2. The circle sizes represent
duration of fixations at the given location, while the lines represent saccades. This graphical
step was performed in order to get a visual overview of the two scanpaths in relation to each
other.
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Figure 2. A visual representation of a simplified scanpath comparison using the script
plotScanpaths(Scanpath1,Scanpath2) in a single trial of one participant. The red lines and
circles represent the scanpath during perception; the blue represents the scanpath during
imagery.

The second script utilized was doComparison(Scanpath1,Scanpath2). On the basis of
the two 3 x n arrays representing the two phases of a trial, the doComparison script returns
with a five-item column with similarity values for each dimension. On the basis of the
developer’s recommendations and the aim of this study, it was decided that the most relevant
dimensions for the current study was to use vector shape, vector direction, and fixation
position for similarity analyses (Dewhurst et al., 2012; Laeng et al., 2014).
The final analyses were performed using IBM SPSS 22nd edition statistics package
(IBM Corp., 2013). Trial 1 was removed from the analyses due to severe outliers, probably
caused by this being the first trial that the participants experienced; in fact, there were no
practice trials in our tests. All figures were presenting facing both ways, but this aspect was
not used a factor in the analyses below, because a) the first trial was removed and b) there was
no specific hypothesis about the direction of heading of the animals.

21

Procedure
The testing took place in the cognitive laboratories at the Department of Psychology at the
University of Oslo. The lighting in the room was kept stable during the whole experiment.
Before starting, the participant adjusted chair and chinrest to a comfortable position. A
standard 4-point calibration procedure with trigger duration of 10 ms was employed at the
beginning of the experiment. The participants were specifically told to remain stable in
posture after calibration and to keep gaze on the screen at all times.
After reading the introductory information on the screen, the participant indicated that
he/she was ready to start the experiment by pressing the space bar. The mental imagery
experiment was part of a larger scientific project consisting of seven different experiments,
with an overall duration of approximately two hours. The experimenter was present in the
room during the whole procedure. The order of the individual experiments was reversed for
every other participant, thus counterbalancing possible effects of fatigue or practice. The
mental imagery experiment was either the first or the last experiment in the overall order of
test in the full study. The standardized tests were completed after the experiments.
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Figure 3. Sequence of events during a random trial.

A trial consisted of 1000 ms blank screen baseline phase, 5000 ms for stimuli
perception, 1500 ms with the instruction “Forestill deg dyret du nettopp så bilde av” displayed,
and lastly 5000 ms imagery phase with blank screen. The sequence is presented in figure 3.
No key press or other responses was required within trials, but between the trials there was an
instruction on the screen saying “Trykk mellomromstasten for å se neste bilde” securing
participants’ influence on the speed of the test.
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Results
Results from the scanpath similarity measures showed a trend where scanpath similarity
across perception and imagery of the same object was lower in the ASD group as compared to
the control group. The difference was significant for MultiMatch saccade vector similarity
scores (p = .031), but not for MultiMatch fixation position similarity scores (p = .057). There
were no significant differences between groups in fixation count (p = .914), saccadic
amplitude (p = .931) or pupil size (p = .287). In sum, no results indicate enhanced mental
imagery ability in the ASD group compared to the control group. Table 2 shows averaged
group scores for saccadic vector similarity, fixation position similarity, fixation count,
saccadic amplitude, and pupil sizes. The averaged group scores for fixation count, saccadic
amplitude and pupil sizes are given both for the perception phase and the imagery phase as
these measures were separately collected both times.

Table 2
Overview of Group Averages with Standard Deviations and Confidence Intervals
ASD

Control

n

M (SD)

95% CI

n

M (SD)

95% CI

Sacc. vector

13

.917 (.028)

[0.901-0.934]

13

.939 (.020)

[0.927-0.952]

Fix. position

13

.888 (.586)

[0.852-0.923]

13

.926 (.0351)

[0.904-0.947]

Fix. count
13 12.098 (1.24)
[11.35-12.85]
13 12.278 (3.56) [10.13- 14.43]
(perception)
Fix. count
13
7.400 (2.93)
[5.63-9.17]
13 7.426 (2.93)
[5.57-9.29]
(imagery)
Sacc. amp.
13
2.46 (1.27)
[1.72-3.20]
13 3.42 (1.37)
[2.59-4.25]
(perception)
Sacc. amp.
13
4.71 (4.04)
[2.26-7.15]
13 3.89 (3.39)
[1.84-5.95]
(imagery)
Pupil size
13
0.784 (0.62)
[0.41-1.16]
13 1.05 (0.42)
[0.79-1.31]
(perception)
Pupil size
13
-0.17 (0.44)
[-0.43-0.09]
13 -0.15 (0.57)
[-0.49-0.19]
(imagery)
Note. CI = Confidence interval. Fix. = Fixation. Sacc.= Saccade. Amp. = Amplitude in
degrees of visual angle. Pupil sizes are given after removal of baseline pupil size.
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MultiMatch Results
Repeated-measures ANOVA with similarity score as dependent variable was separately
conducted on MultiMatch saccade vector- and fixation position similarity scores. Group
(ASD or control) was set as between-subject factor. The analyses revealed that scanpath
similarity, interpreted as mental imagery accuracy, was lower in the ASD group compared to
the control group, but the difference was only significant for vector similarity scores and not
for fixation position scores. A bar graph of the groups’ scores on both measures is presented
in figure 4.
Saccade vector similarity. Regarding global scanpath shape, there was a significant
effect of group on vector similarity scores, F(1, 24) = 5.24, p = .031. One-way ANOVA of
group means indicated that global scanpath shape was significantly less similar during
perception and imagery in the ASD group (M= .917, SD= .028, 95 % CI: .901 – .934)
compared to the control group (M= .939, SD= .020, 95 % CI: .927 – .952), p = .031. The
effect size was d = 0.31, which is small according to Cohen (1988).

Figure 4. Overview of group means of MultiMatch similarity measures. Error bars: 95 %
confidence interval.
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Fixation position similarity. There was no significant difference across groups in the
degree of similarity of fixation positions in x, y space between perception and imagery phases,
F(1,24) = 3.991, p = .057. One-way ANOVA of group means nevertheless revealed a trend
where the fixation positions during perception and imagery was a bit lower in the ASD group
(M= .888, SD= 0.586, 95% CI: .852 - .923) than in the control group (M= .926, SD= .0351,
95 % CI: .904 - .947). The effect size was quite large, d = 0.78.

Additional Oculomotor Results
Fixation count. 15 x 2 Factorial repeated measures with trial (animal figures), and
phase (perception or imagery) as within-subject variables was performed on the number of
fixations during perception and imagery in each trial. Group was between-subject factor.
There was no significant difference in fixation count between the groups, F(1,24) = 0.012, p
= .914, d = 0.037, and group did not interact with the other factors. Independently of group,
there was a significant difference in the number of fixations made during perception and
during imagery, F(1,24) = 63.877, p < .01. The amount of fixations made during perception
(M= 12.2, SE= .522, 95% CI: 11.11 – 13.27) was significantly larger than the amount of
fixations made during imagery (M= 7.4, SE= .590, 95% CI: 6.20 – 8.63), p < .01, with a large
effect size, d = 1.19.
Saccadic amplitude. 15 x 2 Factorial repeated measures with trial (animal figures),
and phase (perception or imagery) as within-subject variables was performed on saccadic
amplitude, that is, the distance traveled by the eyes during a saccade measured in degrees of
visual angle (SensoMotoric Instruments, 2016). Group was between-subject factor. There was
no significant difference in saccadic amplitude between the groups, F(1,24) = 0.008, p = .931,
d = 0.005. There was no significant difference in saccadic amplitude during perception and
imagery either, F(1,24) = 3.921, p = .059, d = 0.315. Pairwise comparison nevertheless
revealed a trend where saccadic amplitude was a bit larger during imagery (M= 4.302, SE=
0.733, 95% CI: 2.79 – 5.81) compared to during perception (M= 2.942, SE= 0.256, 95 % CI:
2.41 – 3.42). There was no significant interaction effect between phase and group, F(1,24) =
1.659, p = .210.
Pupillary changes. The pupil size during the luminance-matched baseline image was
subtracted from both the perception and imagery phases’ pupil size values in order to look at
pupil changes across phases. A group difference could indicate that one of the groups spent
more/less mental effort in the imagery task (Kahneman, 1973). Repeated measure with figure,
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and phase (perception or imagery) as within-subject variables was performed on the
remaining pupil values. There was no significant difference in pupillary changes between the
groups, F(1,24) = 1.187, p = .287, d = 0.23. Independently of groups, there was a significant
difference in pupil diameter during perception versus imagery, F(1,24) = 84.800, p < .01, d =
1.13. Specifically, the pupil size was significantly larger during perception (M= 0.878, SE=
0.124, 95% CI: 0.622-1.133) compared to imagery (M= -0.202, SE= 0.112, 95% CI: -0.433, 0.28). There was no significant interaction effect between group and phase, F(1,24) = 1.183, p
= .288.
Comparison of MultiMatch and AOI results. BeGaze® analysis software was used
to create four rectangular AOI within the 12 x 9 cm rectangle where the animal appeared,
identical of the procedure used in previous publications (e.g., Laeng et al., 2014; Laeng &
Teodorescu, 2002). Simple linear regression analysis was carried out on perception and
imagery scores in the participant groups separately. The regressor was mean percent fixation
time in the AOI during perception and the dependent variable was mean percent fixation time
in the AOI during imagery. In the ASD group there was a significant relationship between
mean percent fixation time in AOI during perception and imagery F(1,58) = 70.659, p < .01.
Mean percent fixation time within the AOI during imagery in the ASD group could be
predicted by the following formula: imagery = 0.450 x perception + 8.461, r2 of .549. The
same relationship was significant in the control group, F(1,58) = 240.378, p < .01. Mean
percent fixation time within the AOI during imagery could be predicted by the following
formula: imagery = 0.829 x perception + 4.029, r2 of .806.
The proportion of shared variance (r2) between the outcome variable and the predictor
variable was larger in the control group than in the ASD group. A t-test of difference between
𝑏1 −𝑏2

the groups’ regression slopes was computed by calculating 𝑡 = 𝑠

𝑏1 − 𝑏2

. The calculation

indicated that the regression slopes were significantly different, t(116) = -3.646, p = 0.05.
This means that oculomotor movements were more similar across perception and imagery in
the control group than in the ASD group. The regression slopes are presented in figure 5.

27

Figure 5. Regression interpolating lines for the two groups of mean fixation time within AOI
during perception (y-axis) and imagery (x-axis). The regression equations with the
corresponding slope coefficients are shown top right. The blue circles and lines represent the
ASD group while the green circles and lines represent the control group.

Interaction effects between standardized tests and oculomotor data. A one-way
MANOVA revealed that there were no significant multivariate main effects of Raven’s score,
Wilks’ λ = .400, F(8,13) = 2.437, p = .074 nor MVPT-3 score, Wilks’ λ = .630, F(8,13) =
0.956, p = .507 on oculomotor data, that is, saccade vector similarity, fixation position
similarity, fixation count, saccadic amplitude, and pupil size.
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Discussion
The current results do not support the hypothesis of an enhanced ability of individuals with
ASD to generate and maintain detailed mental imagery representations, compared to matched
controls. The main hypothesis of this study was that more detailed visual processing in
individuals with ASD would lead to more detailed mental imagery, measurable through
higher scanpath similarity across perception and imagery of the same object. The analyses
showed that there was little difference between individuals in the ASD group and controls in
degree of similarity in scanpaths during perception and imagery of the same object. In fact,
the overall shape of scanpaths exhibited during perception and imagery of the same object
were significantly less similar with one another for individuals in the ASD group than the
scanpaths of individuals in the control group. Possible interpretations of the current results are
that there actually is no difference between individuals with ASD and typically developing
individuals in mental imagery ability, or possibly that the true differences were not
distinguishable with the current experimental design.
The findings of the current study could indicate that although perceptual abilities in
ASD are atypical from the normal population, which is a robust finding, the perceptual
abilities are not necessarily enhanced or more developed than in the normal population. This
possibility is corroborated by a meta-study by Van der Hallen and colleagues (2015) who
reviewed 56 studies of perceptual processing in ASD without really being able to find
evidence for enhanced local processing. Further, the current study is based on the assumption
of a relation between increased sensitivity to visual features and a more detailed mental
imagery in ASD. Yet, the ASD group scored in the average range on the MVPT-3 while the
control group scored in the superior range. The lower scores in perceptual ability in the ASD
group compared to the control group may thus explain why mental imagery accuracy as
measured through scanpath similarity was lower in the ASD group compared to the control
group. Still, a multivariate test of variance indicated that there was no significant relationship
between MVPT-3 score and scanpath similarity or additional oculomotor data in the current
study. This lack of relationship between perceptual abilities and scanpath similarity in both
groups in the current study is in opposite direction from the results of Soulieres and
colleagues (2011). Soulieres and colleagues found that the difference in mental imagery
ability in individuals with ASD was related to the individuals’ pattern of scores in the block
design subtest in WAIS-III, which yields a measure of visual reasoning (Wechsler, 1997).
When given tasks pertaining to the ability to form, access and manipulate mental imagery
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representations, the high block design group was both faster and more accurate than the other
ASD group. The ASD group with no particular strength in block design was still faster and
more accurate than the control group, who exhibited the highest response times and the lowest
accuracy scores. Thus, the study by Soulieres and colleagues (2011) showed that the ability to
access and manipulate mental imagery differed between the two ASD groups depending on
their block design subtest score, but that both groups still performed better than the control
group.
It is possible that the differences in experimental design contributed to why Soulieres
and colleagues (2011) found significant differences between the ASD group and the control
group while the current study did not. While Soulieres and colleagues investigated mental
imagery accuracy by utilizing a response task with accuracy measures, the current study used
analysis of scanpaths and oculomotor movements as a measure of mental imagery accuracy.
In addition, there was no difference in full-scale intelligence quotient across the three groups
in the study by Soulieres and colleagues.
Although the current study used Raven to assess intelligence, which is not to be
compared with the more extensive WAIS-III used by Soulieres and colleagues, there was a
significant difference between the ASD group and the control group in intelligence. On the
Raven test of nonverbal intelligence, the mean of the ASD group was in the low average
range while the mean of the control group was in the average range, which could have
affected the mental imagery ability. Still, a multivariate analysis of variance showed that the
cognition scores from Raven were not significantly related to any of the eye movement
measures. This means that there was no relationship between an individual’s score on Raven
and the degree of similarity in the individual’s scanpaths during perception and imagery or
any of the additional eye movement measures. The lack of relationship between intelligence
and oculomotor measures representing perceptual abilities is in line with previous studies of
perceptual abilities in individuals with ASD. Caron and colleagues (2006), Drake and Winner
(2009), and Narzisi and colleagues (2013) all found that while the ASD group scored lower
than the control group on intelligence measures, there were no differences between the two
groups with regards to perceptual abilities. In sum, these three studies are in line with the
current study in indicating that intelligence and mental imagery ability is not directly related
in ASD, although such a link has been suggested to exist in the normal population (Paivio,
2014).
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Gaze Strategy
There was no group difference in fixation count or saccadic amplitude. The spread of
fixations as given by the saccadic amplitude measure is related to gaze strategy and cognitive
processing (Just & Carpenter, 1976). The lack of a group difference in saccadic amplitude and
fixation count in the current study may tell us that gaze strategy did not differ across groups in
the current study. In this study, the average saccadic amplitude during perception was around
3 in both groups. Regarding fixation count, the average amount of fixations in perception was
around 12 fixations during the 5000 ms phase (i.e., about 2.4 fixations per second) in both
groups. Humphrey and Underwood (2008) also observed that the average number of fixations
in a 5000 ms trial is about 11, using natural scenes and normal participants. The number of
fixations is thought to depend on the level of details in the presented pictures (Zangemeister &
Liman, 2007); however, the present pictures despite possessing a smaller spatial extension
than scene, and fewer details, resulted in a similar fixation rate as observed in previous studies.
Although the present study used figure pictures and not natural scenes, the number of
fixations during perception, together with a lack of group difference, indicates that individuals
with ASD do not differ from the normal population in the way they scrutinized pictures.
There was no group difference in saccadic amplitude or fixation count during the
imagery phase either. Saccadic amplitude tended to be a bit higher than during perception, but
the difference was not significant. Fixation count was significantly lower during imagery,
with an average count of six, as compared to during perception. The overall halved number of
fixations during imagery as compared to during perception may imply that imagery may be
like a summary or schematic representation of the visual input perceived during the
perception phase (Bartlett, 1932) in both groups. If fewer parts are represented during imagery,
fewer fixations are needed. This suggestion is in line with a study by Zangemeister and Liman
(2007). Similarly to the current study, Zangermeister and Liman presented pictures to their
participants for five seconds, and then asked the participants to imagine the picture again for
five seconds. Alongside fewer fixations during imagery, the scanpaths were significantly
miniaturized during imagery, meaning that the saccade amplitude was lower. As opposed to
the findings of Zangermeister and Liman, in this study the scanpaths were exaggerated during
imagery compared to during perception in both groups. Laeng and colleagues (2014) refer to
these changes from perception to imagery as evidence of the dynamic and variable nature of
scanpaths during imagery. The lack of group difference in saccadic amplitude or fixation
count during imagery indicates that these effects also happen in mental imagery in individuals
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with ASD, thereby strengthening the account of no difference in mental imagery ability
between individuals with ASD and the normal population.
The fact that individuals with ASD do not differ from matched controls in fixation
count or saccadic amplitude during perceptual scrutiny is in line with a study by Joseph and
colleagues (2009). Joseph and colleagues (2009) studied visual search performance in
adolescents with ASD and age matched controls. Joseph and colleagues (2009) found that
although the ASD group outperformed the control group in all visual search tasks in terms of
response times and accuracy scores, there were no group differences in fixation count or
saccadic amplitude across groups. Thus, although visual search and mental imagery accuracy
is not the same, the current study cannot exclude the possibility that individuals with ASD
possess a more detailed mental imagery without it being distinguishable with the current
experimental design.
Task Engagement
It has been argued that task engagement or to which degree a task is challenging does
influence whether one finds a difference between individuals with ASD and typically
developing individuals in mental imagery accuracy (Blaser et al., 2014). The size of the pupil
may reveal the degree of engagement or cognitive load elicited by the task to the participant
(Blaser et al., 2014; Kahneman, 1973). Thus a larger pupil size in participants with ASD
during perception and imagery would have indicated that they were more engaged in the task
than the control group. Conversely, a smaller pupil during perception and imagery in the ASD
group would have indicated that they found the task easier. When the baseline size of the
pupil was removed, there was no difference in pupil sizes across participants during
perception and during imagery. This finding was interpreted as there being no difference in
cognitive load across groups. However the pupil sizes of both groups were smaller during
imagery compared to during perception. This was interpreted as an indication of less
engagement during imagery compared to during perception, in both groups. It is possible that
the results of this study would have been different if the stimuli had been more challenging,
for example by using more complex figures or natural scenes with more details. Blaser and
colleagues (2014) found an interaction effect between the degree of difficulty in a visual
search task and pupil sizes in an ASD group and a matched control group. The superior
performance of participants with autism was only distinguishable during the most difficult
visual search tasks. Further, this finding is in line with the mental rotation study by Soulieres
and colleagues (2011), where the largest difference in response times and accuracy scores
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between the two ASD groups and the matched control group was found during the most
complex three-dimensional figure rotation task. Thus, an option could have been to use more
complex figures or natural scenes for purposes like the current study. But then again, the use
of natural scene photos might influence scanning behavior by idiosyncratic top-down scene
knowledge (Foulsham & Underwood, 2008). The stimuli used in the current study ensured
greater control over extraneous variables like idiosyncratic top-down scene knowledge and
the like, which could have affected the results in an unsystematic fashion. Still, Wang and
colleagues (2015) underscore the importance of using natural scenes in eye-tracking studies of
ASD in order to achieve better understanding of how individuals with ASD actually view the
real world. In sum, the use of complex natural scenes could increase the possibility of
detecting a possibly existing superiority in mental imagery ability in individuals with ASD
compared to the normal population, but it may come with a cost of emergence of extraneous
variables such as idiosyncratic knowledge.
The influence of task engagement on mental imagery accuracy in the current study is
unknown, and therefore it is speculative to hypothesize that changing it would affect mental
imagery accuracy results. Still, an option to increase task engagement would be to actively
engage the participants during imagery by asking questions related to spatial characteristics of
the stimuli previously viewed like Laeng and colleagues (2014) did. Then one would have a
guarantee that participants did engage in mental imagery. This is because in order to correctly
answer questions like the ones used by Laeng and colleagues, the participants had to recall the
relevant stimulus picture. By including questions to the previously seen pictures, one might
reveal group differences in the functional use of mental imagery in task completion.
Differences Within the Autism Spectrum Disorder
In the current study, the ASD group’s average score on the AQ-inventory was 30.62;
this is below the conventional threshold of 32 for clinical levels of autistic traits (BaronCohen et al., 2001). Thus, some of the individuals in the ASD group were at the borderline to
normality with regards to amount of autistic traits as given by their AQ-score. However the
AQ-inventory is not used for clinical diagnostic purposes. The fact that all of the participants
in the ASD group had a clinical diagnosis within the autism spectrum is still weightier in
discussing the presence of autistic traits. Still, it is possible to speculate that the existence of a
relationship between symptom severity and performance in perceptual tasks in individuals
with ASD, and the low level of autistic traits in the ASD group, could contribute to why there
was no difference in mental imagery between the groups. Joseph and colleagues (2009) found
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that there was a significant relationship between degree of autistic traits and visual search
performance superiority in the individuals with ASD in their study. Joseph and colleagues
(2009) argue that this finding shed light on neurofunctional differences that might be involved
in the atypical perceptual functioning in ASD.
Although several decades of research converge onto the view of perceptual processing
in ASD being different from that of the typical developing population, variations in subjects’
characteristics and operationalization of described phenomena constitute a major challenge
(Van der Hallen et al., 2015). The variation in what is considered global and local processing
(Van der Hallen et al., 2015) is especially problematic as much of the research on atypical
visual perception in ASD revolves around the difference between the two (Kana et al., 2013;
Van der Hallen et al., 2015). Thus it is difficult to see clear interrelationships and draw
conclusions about how perception and visual mental imagery in ASD differs from that of the
normal population. Moreover, the fact that individuals diagnosed with ASD may differ greatly
on a variety of characteristics makes it possible that only some of them do possess enhanced
mental imagery while others do not.
Technical Issues
The current study utilized the experimental design previously used by Laeng and
colleagues (2014) to study mental imagery accuracy in the normal population. In addition to
the MultiMatch measures, the simple regression analysis method used by Laeng and
colleagues was therefore performed in order to compare the results obtained with this method
and the MultiMatch results. The MultiMatch returned with lower scanpath similarity scores in
the ASD group compared to the control group, although both groups exhibited very similar
scanpaths. The analysis of mean percent fixation time within AOI across phase with simple
regression, as used by Laeng and colleagues, returned with highly significant results in the
same direction as the two MultiMatch measures. Prediction of mean percent dwell time within
the four AOI during imagery from the perception data was significantly lower in the ASD
group compared to the control group. As the results were quite similar, the latter analysis is
useful as a confirmation of the validity of the MultiMatch analyses.
In the measure of global scanpath shape through MultiMatch saccade vector similarity,
both groups exhibited similarity scores well above 0.9 where 1.0 is the highest theoretically
possible score. Independently of group, high similarity between scanpaths elicited during
perception and imagery is in line with previous research both using MultiMatch (Dewhurst et
al., 2012; Foulsham, Dewhurst, et al., 2012; Jarodzka et al., 2010) and conventional area
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based quantization methods (Bochynska & Laeng, 2015; Kosslyn et al., 2006; Laeng &
Sulutvedt, 2014; Laeng & Teodorescu, 2002). Regarding fixation position similarity during
perception and imagery, both groups exhibited scores around 0.9 which is in line with
previous literature on the tendency for fixation during imagery to dwell in spatial regions
where salient stimuli or parts of the object were located during perception (Foulsham &
Underwood, 2008; Laeng et al., 2014; Leek et al., 2012; Noton & Stark, 1971a, 1971b; Rolfs
et al., 2011; Yarbus, 1967). Most of the previous studies have not included the absolute
position of fixation coordinates in x, y space in their analysis. According to Dewhurst and
colleagues (2012) inclusion of the specific coordinates is an important refinement in studies
measuring fixation patterns to a series of relatively similar pictures of the same size. It was
expected that this refinement would reveal that the tendency for gaze to dwell in the same
spatial regions during imagery as during perception is even stronger in the ASD group, but
this was not the case.
Although high similarity in scanpaths across phases was expected in both groups, it
was still expected that the ASD group would return even higher scores than the control group
and not the other way around. The very high scores in both groups in both global scanpath
shape and fixation position measures could indicate the presence of a ceiling effect. If so, the
ceiling effect could be explained by the manually chosen thresholds in the simplification
procedure in the set-up of MultiMatch. The amplitude threshold for clustering of saccades
was kept at 10 % of screen diagonal, and the threshold for merging successive vectors were
set to 45°, in line with the developers recommendations (Dewhurst et al., 2012; Foulsham,
Dewhurst, et al., 2012; Jarodzka et al., 2010). The developers do mention that the
simplification thresholds could affect the outcome of the measures, but the effect of different
thresholds have not yet been scientifically investigated (Dewhurst et al., 2012). It seems
reasonable to hypothesize that the simplification procedure could have affected the results by
masking local perceptual scanning in the ASD group. If it is the local bottom-up perception
that initiates creation of more accurate mental imagery in ASD, it is possible that the default
saccadic amplitude and -direction thresholds used in this study did not detect hypothetically
important local-level scanpath characteristics. If the simplification thresholds were set lower,
the ceiling effect could have been prevented and differences in low-level characteristics of
gaze could have triggered a group difference more in line with the hypothesis of this study.
Thus it would be interesting to do a similar analysis again, albeit with lower saccadic
amplitude and –direction thresholds.
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Limitations
After excluding three participants, the total of participants in the ASD group was 13,
which is a relatively low number for between-subjects statistical comparisons and to avoid
small-group sample artifacts. Few participants make difficult to generalize the results to the
whole population of individuals with ASD, especially when the participants with autism in
this study on average scored low on the measure of amount of autistic traits. In addition, the
groups should have been matched on general cognitive ability and perceptual functioning in
order to exclude these variables from affecting the result of the group comparison.
Moreover, because MultiMatch returns with similarity scores for several different
dimensions, there is an increased chance to commit a type 1 error (Dewhurst et al., 2012). In
the current study, MultiMatch saccade vector similarity and MultiMatch fixation position
similarity was included because these measures were believed to provide the most relevant
data.
A classic critique for the current experimental design is the possibility that the high
similarity scores are due to compliance with demand characteristics exhibited by the
participants (Laeng & Teodorescu, 2002). Johansson and colleagues (2012) argue that in
order to prevent the participants from intuitively “imitating their perceptual encoding
behavior”, one should avoid explicitly asking the participants to create mental images of the
stimuli previously seen. However, oculomotor movements occur spontaneous and are not
readily consciously controllable by the participant (Laeng et al., 2014). Further, during
debriefing the participants seemed oblivious to the hypothesis regarding reiteration of
scanpaths during imagery.
Another critique to the current research design is the assumption that participants
engage in mental imagery during the imagery phase. It is not possible to directly control for
the presence of mental imagery. But the high scanpath similarity scores achieved in this study,
and the functional relationship between scanpath reiteration and mental imagery or retrieval
of episodic memory (see for example Laeng et al., 2014) indicates its presence.
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Conclusion
The results of this study do not support the assumption of more detailed visual mental
imagery in individuals with ASD. When participants were shown pictures of animals, and
then asked to imagine seeing them, there were no differences in scanpath similarity or
additional oculomotor data that indicated a more detailed visual mental imagery in individuals
with high-functioning autism compared to controls. In fact, measures of global scanpath
similarity indicated that the ASD group exhibited significantly less similar scanpaths during
perception and imagery than the control group. The current results are interpreted as an
indication of no difference between individuals with ASD and typically developing
individuals in mental imagery accuracy for this kind of task. The lower scanpath similarity in
the ASD group compared to the control group could have been due to cognitive factors, as the
groups were not optimally matched on general cognitive- and perceptual abilities. There are
however also possible alternative explanations. Enhanced mental imagery might be present
only in some individuals with ASD and not in others. A second alternative option is that the
current experimental approach influenced the pattern of results. In this regard, possible factors
are too high thresholds in the MultiMatch analysis to detect low-level differences, or lack of
engagement by the participants caused by relatively uninteresting stimuli.
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