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Introduction

Autism spectrum disorder (ASD) is a diag-
nostic category describing a group of neurode-
velopmental disorders – autistic disorder, and 
the less severe: Asperger disorder and pervasive 
developmental disorder not otherwise specified1. 
Essential features of ASD (the so-called autistic 
triad2) include (1) persistent impairment in social 
interaction and (2) reciprocal communication (cri-
terion A) and (3) restricted, repetitive patterns of 
behavior, interests, or activities (Criterion B). Al-
though there is no cure available, a correct man-
agement and support can make a difference in a 
patient’s quality of life and ability to function in 
social situations3. 

Failure to develop normal social relationships 
is a hallmark of autism. An inability to under-
stand and cope with the social environment can 
occur regardless of IQ. Intellectual impairment 
and language disorder, frequently associated with 
ASD, are not sufficient to explain the social defi-
cits exhibited by ASD individuals4. Baron-Co-
hen4 hypothesized in 1985 that children with ASD 
lack theory of mind (TOM) – an ability to impute 
mental states, such as desires, beliefs, and inten-
tions to others and oneself5. This ability helps a 
person to explain and predict another individual’s 
behaviour6. 

Theory of mind (TOM)7,8 is an important so-
cio-cognitive skill that involves the ability to 
think about mental states, both your own and of 
others. It includes the ability to assign and under-
stand mental states, including emotions, desires, 
beliefs, and knowledge. TOM refers to the abil-
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ity to understand that other people’s thoughts and 
beliefs may be different from one’s own and to 
the ability to consider the factors that led to these 
mental states. Developing a strong theory of mind 
plays an important role in social functioning, as 
it allows people to understand people’s thinking, 
predict their behavior, thereby engaging in social 
relationships and resolving interpersonal conflicts.

In order to interact with other people, it is 
important to be able to understand their mental 
states and consider how these mental states might 
affect behavior.

TOM allows people to infer about the inten-
tions of others as well as think about what is go-
ing on in someone’s head, including their hopes, 
fears, beliefs, and expectations. Social interaction 
is a complex process, and misunderstandings can 
make the participants even more tense. By being 
able to develop precise ideas about what other 
people may be thinking, we are more able to re-
spond appropriately.

Shahaeian et al9 believe that the greatest in-
crease in the ability to assign mental states occurs 
mainly in preschool, between the ages of 3 and 
5. According to these authors, the development 
of theory of mind is also influenced by a number 
of factors. For example, Thompson et al10 suggest 
that gender and number of siblings in the home 
may influence how theory of mind will emerge. 
Theory of mind develops as children gain more 
experience in social interactions. Pretend-play, 
stories, and relationships with their parents and 
peers allow children to develop stronger insight 
into how other people’s thinking may differ from 
their own. Social experiences also help children 
learn more about how thinking affects actions.

The development of the theory of mental skills 
tends to improve gradually and sequentially with 
age. Children under 3 years of age usually incor-
rectly answer questions about the theory of men-
tal tasks, while children under the age of 4 usu-
ally demonstrate better TOM. For example, most 
4-year-olds understand that others may have false 
beliefs about objects, people or situations. The de-
velopment of TOM does not stop there. Children 
between the ages of 6 and 8 are still developing 
these skills and, in research, were still not fully 
proficient in all theory of mind tasks11.

One of the most commonly used methods of 
assessing the theory of a child’s mental abilities 
is the false belief task8. The ability to attribute 
false belief to others is considered a key element 
in creating theory of mind. The purpose of such 
activities is to require children to draw conclu-

sions about what someone has done or what they 
are thinking when the other person’s beliefs about 
reality conflict with what the children currently 
know. In other words, children may know some-
thing is true; understanding false belief requires 
them to understand that other people may not be 
aware of the truth.

As Richardson et al12 suggested, while theo-
ry of mind has historically been assessed using 
only false belief tasks, current approaches involve 
measuring on a scale of developmental tasks. For 
example, the ability to understand what other 
people want comes before the ability to under-
stand hidden emotions that people may be feeling.

Baron-Cohen13 suggested that TOM problems 
are one of the hallmarks of autism. The study 
looked at how children with autism perform mental 
theory tasks compared to children with the Down 
syndrome as well as neurotypical children. These 
researchers found that while approximately 80% 
of children with neurotypical or Down syndrome 
were able to correctly answer theory of mind ques-
tions, only about 20% of children diagnosed with 
autism answered the questions correctly.

According to Baron-Cohen, lack of capabili-
ty for TOM may offer an explanation for lack of 
pretend-play in ASD children and difficulties in 
social interactions. He also postulated that lack of 
TOM may be a unique characteristic of ASD. One 
of the first signs of ASD, observable during the 
first year of life, are differences in the perception 
of faces and disengagement of visual attention14. 
Klin et al15 argue that some deficits in adult ASD 
individuals may result from basic perceptions defi-
cits, observable in early childhood. Those deficits 
may result in cascading consequences for both 
social development and lifelong impairments in 
social interaction, symptomatic for autism spec-
trum disorders16. Eye-tracking – studying of gaze 
behavior patterns – has been recently employed 
to carry out research on ASD individuals. Studies 
typically involve stimuli, such as simplified im-
ages, pictures or video clips17. Falck-Ytter et al14 
argue that Eye-tracking gives an opportunity to 
reveal important features of the complex picture 
of autism. Eye-tracking data can be conceptual-
ized as describing ASD at a unique, intermedi-
ate level, with links to underlying neurocognitive 
processing, as well as to everyday functioning14.

Modular Theory of Mind
Humans are arguably the only species which 

possesses a developed TOM – an ability to attri-
bute the full range of mental states (goal states 
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and epistemic states) to themselves and to others. 
These attributions help to make sense of other’s 
behavior and predict behaviour18. Baron-Co-
hen argues that the evolutionary development of 
TOM might not only as important, but maybe 
even more important for the human species than 
the development of language and bipedalism. The 
beginnings of TOM might go back as far as 6-35 
million years. Monkeys and apes show the abili-
ty to attribute goal states (detect intentionality)5. 
They are aware of gaze direction, which indicates 
that they are monitoring when they are a target of 
another’s perception19. Without TOM, the ability 
to use language would have been of little value. 
There is a hypothesis that TOM deficits in ASD 
can explain pragmatic language and communica-
tion impairments20. According to Baron-Cohen18, 
autism can be considered an illustration of what 
human life would be like if we lacked TOM. The 
impact on the ability to socialize, communicate, 
use imagination, etc. would be devastating.

In the process of language acquisition, correct-
ly mapping references is facilitated by joint at-
tention21, which is an early form of mind-reading 
ability22. This implies, that typical 12-18-month-
old children benefit a great deal by having the ca-
pacity for conceptualizing intention and attention 
of others18. 

Baron-Cohen22 described 4 mechanisms which 
underlie the ability to read minds in humans. 
They can be seen as 4 separate components of hu-
man mindreading system (Figure 1).

Intentionality Detector (ID) is a part of innate 
human equipment for reading the minds of oth-
ers. The ID is a perceptual tool which interprets 

the movement of stimuli in primitive, volitional 
mind states, such as goals and desires. In theo-
ry, ID engages every time when movement can 
be associated with agency (e.g., a moving bowling 
bowl won’t engage ID, but a mouse will). After 
misidentification, when a person finds out that a 
given object does not have intentionality, the ini-
tial judgment can be revised. Humans show a ten-
dency for identifying movement in terms of agen-
cy, even when there is clearly no agent23. The ID 
can use information from any modality. It detects 
whether self-induced movement can occur taking 
into account the shape, size, noise, etc. Both the 
insect and the giraffe are immediately identified 
as agents with their goals and desires (it wants, 
it needs).

The Eye-Direction Detector (EDD) is a spe-
cialized part of the human visual information 
processing system that uses only visual modali-
ty. Detection of eyes or eye-shaped objects is the 
main EDD function. When eyes are detected, a 
person starts monitoring what the eyes are doing 
and focuses their own gaze at them for a relatively 
long time. When a human detects eyes gazing at 
an object, they use their own experience to come 
to a conclusion that the person in question sees 
the object. Eye contact also induces immediate 
changes in cognitive processing and is associated 
with an activation of the nervous system, espe-
cially social networks in the brain24.

The mechanisms above are dyadic represen-
tations – they include only two people. A third 
one – The Shared Attention Mechanism (SAM) 
– allows for triadic representations. These involve 
me, an agent, an object and an element which de-

Figure 1. Mindreading System (with 2005 revision).
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scribes that we are both looking at the same ob-
ject. The perceived gaze direction of the agent 
may be such an element (although building triadic 
representations on the basis of other senses is pos-
sible according to Baron-Cohen).

The fourth mechanism is The Theory of Mind 
Mechanism (ToMM), which is positioned on top 
and above the three previous mechanisms. It al-
lows for representing complex epistemic states of 
others (pretending, thinking, knowledge, imagi-
nation, deception, etc.) and combining them with 
data from the 3 previous mechanisms into a co-
herent conception of how epistemic states and 
behavior are connected. The effect of ToMM is 
then a useful theory for explaining the behavior 
of others. 

In 200525 Baron-Cohen revised his theory, add-
ing two new components to the mindreading sys-
tem (see Figure 1). The first new mechanism is 
The Emotion Detector (TED), placed right next 
to ID and EDD, which suggests its basic nature. 
Secondly, The Empathizing System (TESS) was 
placed next to ToMM. TED is responsible for cre-
ating a dyadic representation of affective states 
(e.g., the mother is happy). Like ID, TED is amod-
al and can source not only from facial expression 
but also from hearing the sound of another voice 
and from touching (relaxed vs. tense). According 
to Baron-Cohen, TED allows for identifying basic 
emotion26. Implementing TED described another 
source of information for SAM, which was miss-
ing before. TESS describes the behavioral expla-
nation and prediction proposed by ToMM in even 
simpler terms. TESS allows for empathy towards 
others (not only “I can see your pain,” but “I’m 
empathizing with your pain”).

TOM Deficits as a Possible Explanation 
for Social Deficits in ASD

In 1985, Baron-Cohen4 published the results 
of a study involving 20 autistic children aged be-
tween 6 and 16 (with normal IQ, x=82), 14 chil-
dren with Down syndrome aged between 6 and 
17 (with lower mean IQ, x=64) and 27 preschool 
children without clinical diagnoses aged between 
3 and 6. In the Sally-Anne task (or false belief 
task), children are presented with a scene, where 
one doll (Sally), places a marble in a basket, and 
then leaves. Without Sally present, another doll 
(Anne) transfers the marble into another bas-
ket. When Sally returns, the experimenter asks: 
“Where will Sally look for her marble?”. If a child 
points to the first basket, it passes false belief 
tests. Baron-Cohen argues that passing this test 

requires the ability to form second-order beliefs, 
involving the subject reasoning about what one 
person thinks about another person’s thoughts27. 
A typical child is able to pass this test at the men-
tal age of 6 years old27. The experiment showed 
that most high IQ ASD children (16 out of 20) 
had impaired TOM abilities. ASD participants 
were indicating the basket where the marble was 
at the time of question asked by experimenter 
(ASD children voiced their own belief, not Sal-
ly’s belief). The Down’s Syndrome children and 
normal preschool children answered by pointing 
to the marble’s original location. Thus, they must 
have understood that their knowledge cannot be 
attributed to Sally, who has a false belief about 
the location of the marble. Baron-Cohen also 
pointed out, that the skill assessed by this task is 
a conceptual perspective-taking, rather than per-
ceptual perspective-taking, where a child has to 
indicate what can be seen from another point of 
view. Perceptual perspective-taking tasks can be 
solved using solely visuospatial skills and in no 
way require imputing beliefs to others. Hobson28 
showed that ASD children succeed in perspec-
tive-taking tasks.

A number of subsequent studies employing 
tasks similar to Baron-Cohen’s false belief tasks 
for TOM assessments29,30,31 reported intact TOM 
in some high functioning ASD individuals. In re-
sponse to those findings, Baron-Cohen argued27, 
that “it is unfortunate that many workers in this 
field have thought of second-order tests as “com-
plex” or high-level tests of the TOM.” He claimed 
that finding an adult who can pass second-or-
der TOM test merely means, that they have in-
tact TOM skill at the level of a 6-year-old, and 
no conclusion about fully developed TOM can be 
drawn from such tests. For a more appropriate as-
sessment of TOM in adults, he conducted another 
experiment using Reading the Mind in the Eyes 
(or “The Eyes Task” for short). 16 ASD adults 
with normal intelligence (ASD unconfounded by 
mental handicap), 50 healthy adults and 10 adults 
with Tourette Syndrome (TS) participated in the 
study. Participants had to pass three simpler TOM 
tests before being recruited, then they were asked 
to look at photographs of the eye region of faces 
and make a forced choice between two words de-
scribing what the person in the photograph might 
be thinking or feeling. The had a choice of men-
tal states which were either basic (in the sense 
of Ekman’s basic emotions26, such as angry, sad, 
happy, etc.) or more complex (such as reflective, 
arrogant, scheming, planning, etc.). The experi-



D. Czajeczny, A. Jaroszkiewicz, P. Daroszewski, P. Kopczyński, K. Warchoł-Biedermann, et al

1368

ment provided evidence for subtle theory of mind 
deficits in individuals with ASD at later points in 
their development and for higher IQ results than 
had been previously demonstrated. The study re-
sults cannot be simply attributed to developmen-
tal neuropsychiatric disability since subjects with 
TS were not impaired in this test. Baron-Cohen 
explicitly noted that even this “very advanced 
test” of theory of mind is still simpler than the 
real demands of actual social situations. Individu-
als with a high-functioning autism can often pass 
formal ToM tests while having real difficulties 
in everyday social situations. It is possible that 
they apply some kind of unusual compensation 
strategies to complete the task6. Senju32 argues 
that ASD individuals do not have the ability for 
spontaneous attribution of false belief in everyday 
situations, which presents an individual with the 
need for quick, intuitive assessment, rather than 
complex analysis.

Application of Eye-tracking 
in ASD Research

Eye-tracking is a technique which allows for 
the observation of gaze behavior and perception 
processes. It can be useful for exploring a wide 
range of scientific and behavior related questions 
and has long been used to investigate how stim-
uli are processed33-37. It is based on the premise, 
that when a person fixates on an object, its image 
falls on the part of the retina (fovea) specialized 
for detailed visual processing, and therefore eyes 
need to move, to retrieve details from the visu-
al scene38. Simplifying – eye movements can be 
described as either fixation (stabilized gaze), sac-
cades (rapid jumps between fixations) or smooth 
pursuit (stabilized gaze on moving stimuli)14. 
Early Eye-tracking studies involved coding gaze 
behavior from recordings of participants14, or sim-
ply from an observation made by experimenters 
(such as in case of a neurologist asking “follow 
my finger with your gaze”). Modern Eye-track-
ing devices commonly use near-infrared light, 
which is reflected by the cornea and the pupil, and 
recorded by cameras mounted below the moni-
tor screen, in front of the observer. From those 
data, algorithms calculate with high accuracy (<1 
visual degree, sampling rate of between 50 and 
300 Hz) estimated the position of gaze fixation on 
the stimuli on the screen17. Eye-tracking devices 
usually specify the size of the virtual “box” (e.g., 
20 cm box for Tobii T120 eye tracker) in which 
a person can move freely, and the device is able 
to follow the location of the eyes. This technique 

does not require a head restraint or head-mounted 
hardware39. The method allows for observation of 
spontaneous gaze behavior without the need for 
developed motor and language skills14. Thus, it is 
useful in infant and child studies. Recording gaze 
behavior provides data on where a person is seek-
ing detailed information in the visual scene, and 
what information they use to understand or solve a 
given situation17. It is important to note, however, 
that Eye-tracking data does not provide any infor-
mation on how visual stimuli are processed in the 
brain. Eye-tracking data are often combined with 
cognitive tests, and then, they can provide insight 
into strategies that might have been used by an 
individual to solve a given problem. There is an 
agreement, that Eye-tracking captures specific as-
pects of visual attention39. Given that TOM abil-
ities are based on basic perception processes15,32, 
Eye-tracking offers a chance for picking up of 
early ASD signs in spontaneous visual behavior. 
A study by Merin et al40 managed to find a sub-
group of infants at risk for ASD at 6 months old 
by observing gaze behavior (length of fixations 
on the eyes relative to fixations on the mouth). 10 
out of 11 identified infants had an older sibling 
with an ASD diagnosis. The siblings’ recurrence 
of ASD is at least 20 times greater (5-10%) than 
in the general population41,42. Eye-tracking allows 
for the observation of early signs of TOM in ASD 
individuals even before they are 1 year old. It pro-
vides us with a window for looking at the very 
basic of mindreading – detecting intentionality 
and eyes in our environment.

Eye-tracking Studies
Simion et al43 conducted a study on 43 newborns 

(postnatal age ranged from 10 to 130 h), showing 
them point-light animations of either biological 
motion (points represented joints of moving ani-
mal shapes) or nonbiological (random). The results 
demonstrated that newborns have a visual pref-
erence for biological motion, even though they 
were unfamiliar with it. Therefore, this preference 
seems to be experience independent. Additionally, 
the study showed that newborns preferred upright 
images, compared with inverted (upside-down) 
images. This preference might reflect the intrinsic 
constraints of the visual system. A growing body 
of evidence indicates that humans, among other 
vertebrates, have neural pathways engaged in pref-
erence for motion detection. This bias is critical for 
a variety of adaptive behaviors, including filial at-
tachment and hunting44. Pelphrey et al45 reported 
an overlapping of brain regions involved in detec-
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tion of biological motion and perception of social 
information sources, such as facial expression and 
gaze direction. Klin et al16 conducted experiments 
similar to Simion et al43 with 21 ASD toddlers. 
Control groups comprised 39 typically develop-
ing toddlers, and 16 developmentally delayed but 
non-autistic toddlers. The mean age for the whole 
group was 2.05. In this study, ASD toddlers failed 
to recognize biological motion (point light anima-
tions prepared using 3D motion capture of actors’ 
movements), while being highly sensitive to phys-
ical contingency within a random movement. This 
observation indicates that Intentionality Detector 
with its neural underpinning – the very basic mech-
anism of TOM18,46 – might be disrupted in ASD.

Pelphrey et al46 observed gaze behavior of 5 
ASD adults with IQ within the normal range and 
5 adult male controls as they viewed protographs 
of human faces. The faces in photographs were 
showing basic emotion26. First, spontaneous gaze 
behavior was recorded (stimuli were shown for 2 
seconds with 2 seconds interval between stimu-
li), then, participants were instructed to identify 
emotions in faces (stimuli were shown for 2 sec-
onds with 5 seconds interval between stimuli, and 
list of basic emotion to choose from). Compared 
to the control group, ASD individuals spent less 
time examining core face features (eyes, nose, 
mouth). Their face perception seemed disorga-
nized and undirected. ASD individuals were of-
ten processing one or two relatively unimportant 
areas (such as an ear, chin, hairline). Scanpaths 
were not altered by experimental condition (spon-
taneous perception vs. instructed). Dalton et al47 
also reported diminished fixation time on the eyes 
in ASD individuals. In this study, Eye-tracking 
was performed in conjunction with fMRI, show-
ing a strong, positive correlation between the time 
spent fixating the eyes and fusiform gyrus and 
amygdala activation. In neurotypical individu-
als, face perception and recognition are based on 
spatial configuration between the core features 
of a face48-50. ASD children identify significant-
ly fewer pareidolic faces (illusions of faces aris-
ing from ambiguous stimuli in the environment) 
than typically developing peers51. They were not 
different however in the identification of objects. 
Thus they show a specific inattention to faces. 
Following a person’s gaze helps to reveal their fo-
cus of attention, and therefore, perception of gaze 
is important for imputing mental states (e.g., their 
interests, desires) to others52. Experiments using 
various cueing paradigms have shown faster re-
action times when the gaze of the face is direct-

ed towards the target, compared to gaze direct-
ed in the opposite direction or directed straight 
ahead53,54. Evidence55,56 suggests that this orien-
tation of attention is an automatic reflex. Congiu 
et al57 compared spontaneous gaze following in 
ASD children (mean age 5.8 years) to that of typ-
ically developing children (mean age 5.7 years). 
Participants were shown video clips in which an 
object was visible or was only represented by a 
gaze directed at a hidden object. According to the 
study, spontaneous gaze following in ASD chil-
dren was significantly lower than in the control 
group. Although they were responsive to gaze as 
a perceptual cue, they seemed to ignore its repre-
sentational meaning. Many studies58-61 found the 
responsiveness of ASD individuals to gaze cueing 
to be intact. Impaired joint attention is however 
one of the core clinical features of ASD.  At the 
same time, a diminished tendency to use gaze to 
infer desire, intentions, and reference was also 
demonstrated62,63. This discrepancy might be the 
result of differences between real-life and exper-
imental situations60. In natural situations, ASD 
toddlers do not follow the gaze of others58. This 
might be a reflection of different underlying strat-
egies for gaze processing in ASD individuals. A 
study by Roubough et al64 found that ASD indi-
viduals preferred following arrow cues, instead of 
eyes when asked about a cartoon character’s men-
tal state. The team interpreted this as lack of re-
sponse to the social meaning in the eyes. A study 
by Ashwin et al65 used a spatial cueing paradigm 
involving head and body cues on photographs of 
a person followed by a laterally presented target. 
They recruited 24 ASD adult males and 23 adult 
males as a control group. The person in the pho-
tographs was either oriented towards, turned left 
or right, was visible from the waist up and had 
a neutral facial expression. Cueing stimuli were 
presented for 50 ms; then, a target appeared 5.6 
cm to either the left or right side of the fixation 
point until a response was executed. Results in 
the ASD group showed facilitated orienting to 
targets when both the head and body were rotated 
towards the target. In contrast, the control group 
showed facilitated orienting towards the target 
when presented with a congruently rotated head 
combined with a front view of a body. Ashwin et 
al65 argue that this finding indicates atypical in-
tegration of social cues in ASD for orienting at-
tention. This might reflect impaired cognitive and 
neural mechanisms responsible for the processing 
of social cues and attention orienting in ASD. The 
studies described above provide an insight into 
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how EDD mechanism (detecting eyes and gaze 
direction) and SAM mechanism (joint attention) 
are failing in ASD individuals contributing to im-
paired ToMM in ASD.

The ability to recognize emotional states in 
others from their facial expression is a basic com-
ponent of social cognition46,66 and was introduced 
in 200525 as an additional component to the min-
dreading system. Although there is general agree-
ment that ASD individuals show at least some 
facial emotion recognition impairment, the avail-
able data are highly inconsistent67. Pelphrey et al46 
(mentioned above) found that ASD individuals per-
formed worse in recognizing basic emotions26 than 
the control group. This effect was driven by deficits 
in recognition of fear. For 5 other basic emotions, 
ASD individuals did not differ significantly from 
the control group, although a consistent trend to-
wards lower levels of emotion recognition was 
found in ASD individuals. The same study report-
ed disorganized face perception in ASD (described 
above). Law Smith et al68 reported impaired dis-
gust, anger, and surprise recognition when present-
ed with dynamic stimuli at varying intensity of ex-
pression. Disgust recognition appeared to be most 
impaired (at 100% and lower levels of expression 
intensity), with surprise and anger intact at 100% 
but impaired at lower levels. This finding suggests 
that a subtlety of facial expression might make it 
difficult to read for ASD individuals66. Neumann 
et al69 argue that ASD individuals tend to rely more 
on the mouth area than the eyes when given a task 
requiring them to identify facial emotion expres-
sions. In their study, the ASD group fixated the lo-
cation of the mouth more than matched controls, 
even when the mouth was not shown (removed 
from the picture), or the face was inverted. Philip 
et al70 showed that ASD individuals are impaired 
when it comes to the recognition of facial emo-
tions (mostly anger, sadness and fear). They also 
showed that emotion recognition deficits cannot be 
accounted for by impairments in face processing 
or visual modality alone, as they found significant 
deficits in emotion recognition from body move-
ment and vocal stimuli. All this data indicates that 
the newest components of the mindreading system 
– TED and TESS25, might also be impaired in ASD 
individuals.

Conclusions

The application of Eye-tracking provides a po-
tential for direct, objective, and quantitative ob-

servation of behaviour17. Such observation yields 
information on where a participant looks for de-
tailed information and when they looked there. 
This allows for inferring a strategy for complet-
ing a task when Eye-tracking data are combined 
with other methods (such as cognitive tests, so-
cial tasks). Combining Eye-tracking with neuro-
imaging47 is a possible future direction, which 
allows for a search for a neural base of process-
ing visual scenes. Being non-invasive and re-
quiring no more than the ability to move eyes, 
Eye-tracking makes it possible to research new-
borns as young as 10 hours postnatal age43. Such 
research provide valuable data, not confounded 
by experience, culture, and development. Ear-
ly ASD identification makes early intervention 
possible and offers a chance for minimizing 
social deficits during a lifespan. Eye-tracking 
studies reveal different social information pro-
cessing strategies employed by ASD individuals 
and their limitations in everyday social situa-
tions6. All the above issues make Eye-tracking 
a valid tool for ASD research. Eye-tracking 
provides valuable information on differences in 
perception processes which constitute the basis 
for TOM development18. When combined with 
other methods Eye-tracking has the potential to 
reveal differences in processing information on 
a neural circuitry level. Thus, it may help under-
stand the complexity of TOM mechanisms, and 
their role in social functioning. It is possible that 
better understanding of intact and impaired pro-
cessing of socially relevant information in ASD 
individuals will help design better interventions.

Although the data available today is promis-
ing, the clinical value of Eye-tracking remains 
to be established14. Heterogeneity of results of 
Eye-tracking studies on ASD individuals might 
be a result of different types of stimuli used – 
from schematic pictures to more ecologically 
relevant. Differences and deficits seem to be best 
detected when dynamic stimuli presenting hu-
man characters are used71. 

Conflicts of Interest
All authors declare there are no possible conflict of in-
terest regarding the topic of the submitted paper.

Acknowledgments 
This publication was prepared without any external 
sources of funding.



Application of Eye-tracking in research on the theory of mind in ASD

1371

References

 1) American Psychiatry Association. Diagnostic and 
Statistical Manual of Mental Disorders, 5th Edi-
tion. 2013.

 2) Wing L, Gould J. Severe impairments of social 
interaction and associated abnormalities in chil-
dren: Epidemiology and classification. J Autism 
Dev Disord 1979; 9: 11-29.

 3) Rajczewski A, Gibas-Dorna M. Ketogenic diet as 
possible therapy of autism spectrum disorder — 
review and implication. J Med Sci 2019; 87: 218-
224.

 4) Baron-Cohen S, Leslie AM, Frith U. Does the 
autistic child have a “theory of mind” ? Cognition 
1985; 21: 37-46.

 5) Premack D, Woodruff G. Does the chimpanzee 
have a theory of mind? Behav Brain Sci 1978; 1: 515.

 6) Klin A. Attributing social meaning to ambiguous 
visual stimuli in higher-functioning Autism and 
Asperger syndrome: The social attribution task. J 
Child Psychol Psychiatry Allied Discip 2000; 41: 
831-846.

 7) Livingston LA, Carr B, Shah P. Recent Advances 
and New Directions in Measuring Theory of Mind 
in Autistic Adults. J Autism Dev Disord 2018 494 
2018; 49: 1738-1744.

 8) Brewer N, Young RL, Barnett E. Measuring Theory 
of Mind in Adults with Autism Spectrum Disorder. J 
Autism Dev Disord 2017 477 2017; 47: 1927-1941.

 9) Shahaeian A, Nielsen M, Peterson CC, Slaughter 
V. Cultural and Family Influences on Children’s 
Theory of Mind Development: A Comparison 
of Australian and Iranian School-Age Children. 
http://dx.doi.org/101177/0022022113513921 2013; 
45: 555-568.

10) Thompson RB, Thornton B. Gender and The-
ory of Mind in Preschoolers’ Group Effort: Ev-
idence for Timing Differences Behind Chil-
dren’s Earliest Social Loafing. http://dx.doi.
org/101080/002245452014933763 2014; 154: 
475-479.

11) Calero CI, Salles A, Semelman M, Sigman M. Age 
and gender dependent development of Theory of 
Mind in 6- to 8-years old children. Front Hum Neu-
rosci 2013; 7: 281.

12) Richardson H, Lisandrelli G, Riobueno-Naylor A, 
Saxe R. Development of the social brain from age 
three to twelve years. Nat Commun 2018 91 2018; 
9: 1-12.

13) Baron‐Cohen S. The Autistic Child’s Theory of 
Mind: a Case of Specific Developmental Delay. J 
Child Psychol Psychiatry 1989; 30: 285-297.

14) Falck-Ytter T, Bölte S, Gredebäck G. Eye-tracking 
in early autism research. J Neurodev Disord 2013; 
5: 28.

15) Klin A, Jones W, Schultz R, Volkmar F. The enac-
tive mind, or from actions to cognition: Lessons 
from autism. Philos Trans R Soc B Biol Sci 2003; 
358: 345-360.

16) Klin A, Lin DJ, Gorrindo P, Ramsay G, Jones W. 
Two-year-olds with autism orient to non-social 
contingencies rather than biological motion. Na-
ture 2009; 459: 257-261.

17) Boraston Z, Blakemore S-J. The application of 
eye-tracking technology in the study of autism. J 
Physiol 2007; 581: 893-898.

18) Baron-Cohen S. Evolution of a theory of mind? BT 
- The descent of mind psychological perspectives 
on hominid evolution. In: The descent of mind 
psychological perspectives on hominid evolution. 
1999: 261-277.

19) Chance MRA. An interpretation of some agonistic 
postures: the role of “cut-off” acts and postures. J 
Zool 1962; 8: 71-89.

20) Walenski M, Tager-Flusberg H, Ullman MT. Lan-
guage in autism. In: Understanding Autism: From 
Basic Neuroscience to Treatment. CRC Press, 
2006: 175–203.

21) Baldwin DA. Infants’ Contribution to the Achieve-
ment of Joint Reference. Child Dev 1991; 62: 
875–890.

22) Baron-Cohen S. Mindblindness: An essay on au-
tism and theory of mind. MIT Press, 1997.

23) Heider F, Simmel M. An Experimental Study of 
Apparent Behavior. Am J Psychol 1944; 57: 243.

24) Senju A, Johnson MH. The eye contact effect: 
mechanisms and development. Trends Cogn Sci 
2009; 13: 127–134.

25) Ellis B, Bjorklund D. Origins of the social mind: 
Evolutionary psychology and child development. 
Guilford Press., 2005.

26) Ekman P. An argument for basic emotions. Cogn 
Emot 1992; 6: 169–200.

27) Baron-Cohen S, Jolliffe T, Mortimore C, Robert-
son M. Another Advanced Test of Theory of Mind: 
Evidence from Very High Functioning Adults with 
Autism or Asperger Syndrome. J Child Psychol 
Psychiatry 1997; 38: 813–822.

28) Hobson RP. Early childhood autism and the ques-
tion of egocentrism. J Autism Dev Disord 1984; 
14: 85–104.

29) Bowler DM. “Theory of Mind” in Asperger’s Syn-
drome Dermot M. Bowler. J Child Psychol Psychi-
atry 1992; 33: 877–893.

30) Ozonoff S, Rogers SJ, Pennington BF. Asperger’s 
Syndrome: Evidence of an Empirical Distinction 
from High-Functioning Autism. J Child Psychol 
Psychiatry 1991; 32: 1107–1122.

31) Ozonoff S, Pennington BF, Rogers SJ. Executive 
Function Deficits in High-Functioning Autistic In-
dividuals: Relationship to Theory of Mind. J Child 
Psychol Psychiatry 1991; 32: 1081–1105.

32) Senju A. Spontaneous theory of mind and its ab-
sence in autism spectrum disorders. Neuroscien-
tist 2012; 18: 108–113.

33) Blascheck T, Kurzhals K, Raschke M, Burch M, 
Weiskopf D, Ertl T. State-of-the-Art of Visualiza-
tion for Eye-tracking Data. Eurographics Conf Vis 
2014; 1–20.



D. Czajeczny, A. Jaroszkiewicz, P. Daroszewski, P. Kopczyński, K. Warchoł-Biedermann, et al

1372

34) Klin A, Jones W, Schultz R, Volkmar F, Cohen 
D. VIsual fixation patterns during viewing of nat-
uralistic social situations as predictors of social 
competence in individuals with autism. Arch Gen 
Psychiatry 2002; 59: 809–816.

35) Vivanti G, Mccormick C, Young GS, Abucayan F, 
Hatt N, Ozonoff S, Rogers SJ. Intact and Impaired 
Mechanisms of Action Understanding in Autism. 
2011; 47: 841–856.

36) Marsh LE, Pearson A, Ropar D, Hamilton AFC. 
Predictive Gaze During Observation of Irrational 
Actions in Adults with Autism Spectrum Condi-
tions. J Autism Dev Disord 2014; 45: 245–261.

37) Bradley MB, Miccoli LM, Escrig M a, Lang PJ. 
The pupil as a measure of emotional arousal and 
automatic activation. Psychophysiology 2008; 45: 
602.

38) Noton D, Stark L. Eye Movements and Visual Per-
ception. Sci Am 1971; 224: 34–43.

39) Petersen SE, Posner MI. The Attention System of 
the Human Brain: 20 Years After. Annu Rev Neu-
rosci 2012; 35: 73–89.

40) Merin N, Young G, Ozonoff S, and SR-J of au-
tism, 2007  undefined. Visual fixation patterns 
during reciprocal social interaction distinguish a 
subgroup of 6-month-old infants at-risk for autism 
from comparison infants. Springer.

41) Ritvo ER, Jorde LB, Mason-Brothers A, Freeman 
BJ, Pingree C, Jones MB, McMahon WM, Brent 
Peterson P, Jenson WR, Mo A. The UCLA-Uni-
versity of Utah epidemiologic survey of autism: 
Recurrence risk estimates and genetic counsel-
ing. Am J Psychiatry 1989; 146: 1032–1036.

42) Sumi S, Taniai H, Miyachi T, Tanemura M. Sibling 
risk of pervasive developmental disorder estimat-
ed by means of an epidemiologic survey in Na-
goya, Japan. J Hum Genet 2006; 51: 518–522.

43) Simion F, Regolin L, Bulf H. A predisposition for 
biological motion in the newborn baby. Proc Natl 
Acad Sci U S A 2008; 105: 809–813.

44) Johnson MH. Biological Motion: A Perceptual Life 
Detector? Curr Biol 2006; 16: R376–R377.

45) Pelphrey KA, Morris JP, Michelich CR, Allison 
T, McCarthy G. Functional anatomy of biological 
motion perception in posterior temporal cortex: An 
fMRI study of eye, mouth and hand movements. 
Cereb Cortex 2005; 15: 1866–1876.

46) Pelphrey KA, Sasson NJ, Reznick JS, Paul G, 
Goldman BD, Piven J. Visual Scanning of Faces in 
Autism. J Autism Dev Disord 2002; 32: 249–261.

47) Dalton KM, Nacewicz BM, Johnstone T, Schaefer 
HS, Gernsbacher MA, Goldsmith HH. Gaze fixa-
tion and the neural circuitry of face processing in 
autism. Nat Neurosci 2005; 8: 519–526.

48) Farah MJ, Wilson KD, Drain M, Tanaka JN. What 
is &quot;special&quot; about face perception? 
Psychol Rev 1998; 105: 482–498.

49) I. Gauthier, M. J. Tarr. Becoming a “Greeble” Ex-
pert: Exploring Mechanisms for Face Recogni-
tion. Vision Res 1997; 37: 1673–1682.

50) Maurer D, Le Grand R, Mondloch CJ. The 
many faces of configural processing. Trends in 
Cognitive Sciences 6 2002 255–260. https://
www.sciencedirect.com/science/ar ticle/pii /
S1364661302019034.

51) Ryan C, Stafford M, King RJ. Brief Report: See-
ing the Man in the Moon: Do Children with Autism 
Perceive Pareidolic Faces? A Pilot Study. J Au-
tism Dev Disord 2016; 46: 3838–3843.

52) BARON-COHEN S, CROSS P. Reading the Eyes: 
Evidence for the Role of Perception in the Devel-
opment of a Theory of Mind. Mind Lang 1992; 7: 
172–186.

53) Driver J, Davis G, Ricciardelli P, Kidd P, Maxwell 
E, Baron-Cohen S. Gaze Perception Triggers Re-
flexive Visuospatial Orienting. Vis cogn 1999; 6: 
509–540.

54) Friesen CK, Kingstone A. The eyes have it! Re-
flexive orienting is triggered by nonpredictive 
gaze. Psychon Bull Rev 1998; 5: 490–495.

55) Langton SRH, Bruce V. Reflexive Visual Orienting 
in Response to the Social Attention of Others. Vis 
cogn 1999; 6: 541–567.

56) Kuhn G, Tatler BW, Cole GG. You look where I 
look! Effect of gaze cues on overt and covert atten-
tion in misdirection. Vis cogn 2009; 17: 925–944.

57) Congiu S, Fadda R, Doneddu G, Striano T. Re-
search in Developmental Disabilities Impaired 
representational gaze following in children with 
autism spectrum disorder. Res Dev Disabil 2016; 
57: 11–17.

58) Chawarska K, Klin A, Volkmar F. Automatic Atten-
tion Cueing Through Eye Movement in 2-Year-Old 
Children with Autism. Child Dev 2003; 74: 1108–
1122.

59) Kuhn G, Benson V, Fletcher-Watson S, Kovshoff 
H, McCormick CA, Kirkby J, Leekam SR. Eye 
movements affirm: automatic overt gaze and ar-
row cueing for typical adults and adults with au-
tism spectrum disorder. Exp Brain Res 2010; 201: 
155–165.

60) Uono S, Sato W, Toichi M. Dynamic fearful gaze 
does not enhance attention orienting in individu-
als with Asperger’s disorder. Brain Cogn 2009; 71: 
229–233.

61) Rutherford MD, Krysko KM. Eye direction, not 
movement direction, predicts attention shifts in 
those with autism spectrum disorders. J Autism 
Dev Disord 2008; 38: 1958–1965.

62) Preissler MA, Carey S. The role of inferences 
about referential intent in word learning: Evidence 
from autism. Cognition 2005; 97: B13–B23.

63) Ames CS, Jarrold ÆC. The Problem with Using 
Eye-Gaze to Infer Desire : A Deficit of Cue Infer-
ence in Children with Autism Spectrum Disorder ? 
Springer 2007; 1761–1775.

64) Rombough A, Iarocci G. Orienting in Response to 
Gaze and the Social Use of Gaze among Children 
with Autism Spectrum Disorder. J Autism Dev Dis-
ord 2013; 43: 1584–1596.



Application of Eye-tracking in research on the theory of mind in ASD

1373

65) Ashwin C, Hietanen JK, Baron-Cohen S. Atypical 
integration of social cues for orienting to gaze di-
rection in adults with autism. Mol Autism 2015; 6: 5.

66) Enticott PG, Kennedy HA, Johnston PJ, Rinehart 
NJ, Tonge BJ, Taffe JR, Fitzgerald PB. Emotion rec-
ognition of static and dynamic faces in autism spec-
trum disorder. Cogn Emot 2014; 28: 1110-1118.

67) Harms MB, Martin A, Wallace GL. Facial Emo-
tion Recognition in Autism Spectrum Disorders: A 
Review of Behavioral and Neuroimaging Studies. 
Neuropsychol Rev 2010; 20: 290-322.

68) Law Smith MJ, Montagne B, Perrett DI, Gill M, 
Gallagher L. Detecting subtle facial emotion rec-
ognition deficits in high-functioning Autism using 
dynamic stimuli of varying intensities. Neuropsy-
chologia 2010; 48: 2777-2781.

69) Neumann D, Spezio ML, Piven J, Adolphs R. 
Looking you in the mouth: abnormal gaze in au-
tism resulting from impaired top-down modula-
tion of visual attention. Soc Cogn Affect Neurosci 
2006; 1: 194-202.

70) Philip RCM, Whalley HC, Stanfield AC, 
Sprengelmeyer R, Santos IM, Young AW, Atkin-
son AP, Calder AJ, Johnstone EC, Lawrie SM, 
Hall J. Deficits in facial, body movement and vocal 
emotional processing in autism spectrum disor-
ders. Psychol Med 2010; 40: 1919-1929.

71) Saitovitch A, Bargiacchi A, Chabane N, Phillipe 
A, Brunelle F, Boddaert N, Samson Y, Zilbovicius 
M. Studying gaze abnormalities in autism: Which 
type of stimulus to use? Open J Psychiatry 2013; 
03: 32-38.


