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ABSTRACT

Autism Spectrum Disorder (ASD) is a highly heritable neurodevelopmental disorder. Key
features of ASD include impaired social skills and communication. This includes impaired join
attention and eye-gaze following. Whole-genome linkage studies have not been particularly
successful in identifying genetic risks for autism. One alternative strategy is to search for genetic
alleles associated with endophenotypes, or sub-clinical traits, of autism. These endophenotypes
are often defined or found using self-surveys such as the Autistic Quotient and the Broad Autism
Phenotype Questionnaire. One proposed endophenotype is disrupted eye-gaze following,
meaning difficultly telling where another person is looking. This stems from the lack of eye
contact associated with ASD. Eye-gaze following is extremely important in early language
development, possibly implicating a cause for language delay in individuals with ASD.

This study focused on creating stimuli and a task to measure eye-gaze following
behavior. The stimuli consisted of photos of actors looking at objects with either both their head
and eyes or just with their eyes and their head facing forwards toward the camera. The task was
tested on 56 non-autistic adult participants with either high or low AQ scores. No significant
correlation was found between AQ score and performance on the eye-gaze following task. Future
testing should include open-ended responses, using BAPQ scores instead of AQ scores, and an

item analysis on the stimuli.
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CHAPTER 1

Literature Review

Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that affects an
estimated 1 out of 88 children in the US. One of the defining features of ASD is impaired social
skills and social communication. For example, very early in development, children who go on to
develop autism do not make eye contact with other people very often and they do not engage in
joint attention; the shared eye-gaze between people on an object. Joint attention is critical for
many aspects of learning in development, particularly word learning (Brooks, Meltzoff, 2008).

ASD is a highly heritable disorder, meaning it runs in families. Studies comparing
monozygotic twins find the concordance rate for autism at nearly 90%, and close to 10% for
dizygotic twins (Geschwind, 2011). While there are some genetic mutations that can cause
autism, such as Fragile X; they do not make up a majority of the cases. It is thought that most
cases are caused by a complex interaction among many genes. Because autism is a spectrum
disorder, it varies widely case to case. It is important to note that before the DSM-V, what is now
ASD was split into four categories: Autistic Disorder, Asperger’s Syndrome, Pervasive
Developmental Disorder, and Childhood Disintegrative Disorder. While they are all marked by
similar phenotypes, deficits in social interaction, deficits in communication and/or idiosyncratic
language, and repetitive or obsessive behaviors and/or interests, there is a huge amount of
variability in case by case comparisons that reflects the genetic complexity of the condition.

Whole-genome linkage studies have not been successful in identifying disease alleles in
autism because it is not a monogenetic disorder and the loci of the risk alleles contributing to the
phenotypic profile are likely to be heterogenous. Many of the genes that have been linked to

autism are also linked to other neurological disorders such as schizophrenia, language disorders,
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and epilepsy (Geschwind, 2011). In sum, the search for alleles related to the phenotype of ASD

has not been successful.

Endophenotypes

An alternative strategy is to search for genetic alleles associated with endophenotypes of
autism. An endophenotype is a sub-clinical trait associated with a disorder. It represents genetic
risk for the disorder in non-affected individuals and is expressed to a higher degree in non-
affected family members of individuals with the disorder (Geschwind, 2011). Endophenotypes
are less complex genetically than disorder phenotypes. Since there are many genes involved with
autism and there has not been much success finding the genes associated with autism, looking for
genes associated with the endophenotypes of autism in typically developing populations may
help identify candidate genes that are associated with autism.

The Autistic Quotient, or AQ, is a self-survey questionnaire form developed by Baron-
Cohen in 2001. The AQ is used in research to measure sub-clinical autistic characteristics in
typically developing adults; it is not intended for autistic individuals. Using the original scoring
method, the average score was 16.4. 80% of individuals diagnosed with autism scored above 32
(out of 50) while only 2% of controls scored about 32 (Baron-Cohen et al. 2001). However,
Hoekstra, a corresponding author on the original AQ paper, developed another more accurate
scoring method. With this scoring method, the average score for typically developing females
was 100 while the average score for typically developing males was 104. Both had a standard
deviation of 10.5, (Hoekstra et al. 2007).

Another method of measuring sub-clinical autistic traits is the Broad Autism Phenotype
Questionnaire (BAPQ) developed by Hurley et al. in 2007. Like the AQ, the BAPQ is designed
to assess typically developing adults. The BAPQ also has three subscales— “aloof” to measure
difficulty/interest in social interaction, “rigid” to measure difficulty in acclimating to change, and
“pragmatic language” to measure any deficits in social communication, such as difficulty in

holding a conversation, (Hurley et al. 2007).






Join Attention and Eye Gaze Following

Often the most noticeable of these are the deficits in social interaction. These deficits can
range greatly from children being uninterested completely uninterested in social activities and
instead preferring to be in their own world to wanting to be with other people but not having age
appropriate social skills. Often individuals with ASD will avoid eye contact, and some

individuals do not respond to signs of affection and do not show much emotion, (Weis, 2008).

Many studies have shown that individuals with autism have difficulty recognizing faces
and, according to Dawson et al 2012 this is because when typically developing individuals look
at faces they focus on the eyes and upper face area. This is found in infancy in both humans and
other primates. In contrast, individuals with autism focus more on the lower part of the face, and

depend more on the mouth for facial recognition than the eyes.

Eye contact plays a key role in social communication. One study found that young
children with Autism tend not to initiate social interaction and often will not play games that
involve imitation such as “peek-a-boo” and “the itsy-bitsy-spider,” (Bregman, 2005). This study

suggests that there is impairment in imitation in children with ASD.

Imitation is extremely important to development of social behavior and is also the main
way that infants and young children learn. Some researchers think that imitation is a reflex that
humans and other primates are born with. In a 1997 study by Meltzoff and Moore, newborns
were able to imitate simple facial expressions of adults, such as opening his/her mouth and
sticking out his/her tongue. Neurologists have accredited this ability to mirror neurons,
specialized cells located in the cerebral cortex. Mirror neurons are motor neurons that fire both
when the subject performs an action and also when the subject watches another perform an
action, (Berk, 2008). Multiple studies have shown that individuals with autism spectrum disorder
have a deficit in mirror neurons. One study discovered that while children diagnosed with ASD
could imitate facial expressions, they use an area in the visual association cortex and an area in
the left parietal cortex more than typical children and they use mirror neurons less, (Lacoboni,
2008).



Joint attention is when two individuals are focusing together on the same object, or the
same step of an activity. Typically joint attention is talked about in the context of children, an
example would be a parent holding a puppet and making it interact with their child. Joint
attention can use verbal and nonverbal cues or a mix of both. For example, saying “look at that
doggie,” while pointing to the dog. Eye gaze following, the ability to tell where someone else is
looking, is a critical part of joint attention. However, in real world situations it is not often used
without other verbal or nonverbal cues. In 2013, Macdonald conducted an experiment to test
typically developing adult’s ability to follow eye gaze in real world social interactions. For this
task, an experimenter sat at a table with several lego blocks in front of them. They instructed
participants to pick up specific blocks (i.e. pick up the red block). In the unambiguous condition,
there was only one block that matched the description, but in the ambiguous condition there was
more than one block that fit the description. Both conditions were done with gaze cues and no
gaze cues, which is to say, sometimes the experimenter would look at the block and other times
they would look straight ahead. They found that when the condition was ambiguous and the
experimenter did not give a gaze cue, the performance was at chance levels. But, when the
condition was ambiguous and the experimenter looked at the block they wanted the participant to
pick up, participants scored just as well as they did in the unambiguous situations. This study
confirmed that people can use eye gaze following in social situations, not just in computerized
tasks (MacDonald 2013).

Eye Gaze following has been found to be extremely important in infant and toddler
language learning. Brooks and Meltzoff looked at eye-gaze following behavior in children ages
9-11 months old. In their task, they had an experimenter turn their head towards colorful toys.
There were two conditions— eyes open and eyes closed. Children between 9-10 months looked
at the target toy just as often when the experimenter’s eyes were closed as when they were open.
However, children between 10-11 months looked more often when the experimenters eyes were
open, suggesting that this is the time frame when children develop eye-gaze following skills.
Beyond this, they also found that by 14 and 18 months, children who performed better at eye
gaze following had better language comprehension skills.

In a follow up study they found that eye-gaze following behavior was also a predictor for

expressive language abilities, as measured by number of words in the child’s vocabulary.



Children who looked longer than average at the object the experimenter was looking at and
children who pointed to the object the experimenter was looking at both had larger vocabularies
than children who did not point and looked at the object for an average or below average time.
Meanwhile children who looked pointed to the object and looked at it for longer than average
scored much higher than the other three groups. This shows that children who are better able to
follow eye gaze learn words faster than children who do not follow eye gaze as well, (Brooke,
Meltzoff 2008).

However, it should be noted that this research has not yet been applied to autism and that
while difficulty with joint attention and while eye gaze following may affect language
development in children with autism, individuals with autism tend to have greater deficits in
receptive language than expressive language. One study by Eyler, Pierce, and Courchesne looked
at left temporal cortex development in infants and toddlers with Autism Spectrum Disorder
compared to infants and toddlers without ASD. The left temporal cortex structure and function
can be an indication of receptive language skills. It was studied using both structural and
functional MRI scan while the child was sleeping. Functional scans were done while the sleeping
child was listening to recorded speech, both forwards and backwards, in English using the same
female voice. They found that both the autism spectrum disorder and typically developing (TD)
control groups had significant responses to speech, but that the responses for the ASD group
were significantly lower than the responses for the TD control group indicated deficits in
receptive language in children with ASD, (Eyler, Pierce, and Courchesne, 2012).

Research by the Preschool Autism Communication Trial Consortium compared receptive
and expressive abilities in preschool aged children with autism. Expressive language scores in
typically developing children are lower than their receptive language skills, however they found
that expressive vocabulary count was considerably higher in children with Autistic Disorder than
typical norms, which is to say there is a serious deficit in receptive language skills, implying
more difficulty in language comprehension than language expression, (Hudry et al 2010).

While there is not research comparing eye gaze and expressive language in autism, there
has been plenty of research that shows a deficit in eye gaze following in autism. One study by
Senju et al. found that typically developing children are able to reflexively orient to a target
faster if cued with eye-gaze than with arrows, while autistic children looked at the targets but

were slower to respond because they did not much pay attention to either cues, especially to the
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cues that were eye-gaze (Senju et al. 2004). Computer tasks in lab settings have been under some

critique due to doubts that they accurately measure social behaviors. So some experimenters
have designed tasks for naturalistic settings, where participants interact with experimenters
instead of completing tasks on a computer. One naturalistic study used several games and toys
(soap bubble blowing game, wind up mechanical toy, playing with a small ball, and playing with
a car,) to measure eye-gaze following skills in children with ASD compared to their typically
developing peers. Their results supported previous research. Children with ASD spent less time
looking at the experimenter than did their typically developing peers. However it should be they
also used more peripheral vision, making it difficult to tell where they were looking and if they
were indeed engaging in joint attention, (Norris 2012).

Similar results have been reproduced in typically developing adults with high levels of
autistic traits, as measured by either the BAPQ or the AQ. In 2011, Chen did a study comparing
individuals with high and low AQ scores and found that high AQ scores correlate with decreased
reciprocation of direct gaze, which is to say the higher levels of autistic traits someone has, the
poorer their eye contact was. To minimize experimenter error (and differences in eye gaze or
behavior from the experimenter) was not a study done in person. Participants watched 8 videos
of actors talking about neutral topics. In one condition the actors looked directly into the camera
and in the other their head and eyes were averted 45 degrees. They found that those with higher
AQ scores spent less time looking at the actor’s eyes and also looked at the actor’s eyes for
shorter intervals than the participants with low AQ scores, (Chen 2011). As is with autism, the
lack of looking at others’ eyes in individuals with high AQ scores leads to a deficit in eye-gaze
following. One study found that in a task that involved following a model’s eye-gaze to find
pokemon characters, BAPQ aloof scores correlated with ability to follow eye-gaze when looking
at individual differences. Those with lower scores were better able to follow the model’s eye
gaze while those with higher scores did not perform much better when the model was looking at
the target compared to when the model was looking straight ahead. However, they only found a
correlation with the aloof subtest of the BAPQ, and not with BAPQ scores in general, (Swanson
and Stiller 2013). The goal of this study is to create stimuli and a task that can be used to find if
disruption of eye-gaze following truly is an endophenotype of autism.



Stimuli Development

This study is based upon a 2013 study by Riby et al. They compared individuals with
autism spectrum disorders and William’s syndrome with typically developing adults. Participants
wore an eye tracking device while viewing pictures of actors looking at targets. Participants were
asked to answer where the actor was looking. Like other studies, they found that individuals with
an autism spectrum disorder performed more poorly than their typically developing peers. Eye
tracker data showed that, as expected individuals with an autism spectrum disorder spent less
time looking at the actors face and more time looking at the whole image; time spent looking on
the face was focused on the mouth. They also spent less time looking at the correct or plausible
targets and most surprisingly spent more time looking at non-plausible targets, areas that the
actor could not see, than plausible targets.

To expand upon the study by Riby et al and to put it in the context of looking for an
autism endophenotype, which is to say to use participants with subclinical autistic traits,
additional stimuli had to be developed. The Riby stimuli consisted of 14 pictures of 7 actors each
looking at items in naturalistic settings. There were two separate conditions, the head and eyes
condition where actors turned their heads and eyes to a target and the eyes-only condition where
actors kept their heads facing forwards while using only their eyes to look at the target, (Riby et
al, 2013). It is unclear whether targets were specific objects or just areas.

The stimuli in this study used the same two conditions. In the head and eyes condition
actors were instructed simply to look at a specific object in front of them. Naturally, they
oriented their heads toward the objects along with fixating on the objects with their eyes, (as seen
in figure 1). For the eyes-only condition, actors were instructed to face forwards and to look at
the object only using their eyes (see figure 2). The prediction is that the eyes-only condition will
be more difficult for everyone. This is because first, head turn gives and additional cue, and
second, looking at an object without turning one’s head is not natural in most social situations.
However, the prediction is that while there will be a difference in everyone’s scores on the head
and eyes condition versus the eyes-only condition, the difference will be drastically larger in
participants with higher AQ scores.

The pictures were edited to enhance object and eye visibility. A database of 218 images

taken with 8 different actors in a total of 19 different settings was created and went through pilot



testing. For the pilot testing, 42 typically developing adults were given unlimited time to look at
the stimuli and write down what they thought the actor was looking at. Pictures where 50% or
more of the participants were not able to identify the target object were not included in the full
experiment, neither were pictures where participants could identify which object was the target
but could not identify what that item was due to either poor picture quality or an uncommon

item.

Figure 1. Eye-gaze only condition (target notebook)

Figure 2. Head and eyes condition (target notebook)



10

CHAPTER 2
Methods

Participants

This experiment involved 56 participants, 41 females and 7 males. Participants
ages ranged from 18 to 21. Participants were recruited from the Psychology Subject Pool and
were compensated with class credit. Participants were chosen for the study based on a screening
quiz that contained the Autistic Quotient, or AQ, a self-assessed questionnaire. Participants were
recruited if there scores were a standard deviation either below or above the mean. Participants in
the low AQ group had scores of 98 or below and participants in the high AQ group had scores of
121 or above. The mean score for Psychology Subject Pool participants did not differ
significantly from general nonclinical population averages, (Ruzich et al. 2015). Participants did
not qualify if they had an ASD diagnosis, but were not screened out for other disorder such as

anxiety or depression or for a family history of autism.

Task

The task was programed in E-prime as an alternative forced-choice paradigm.
Participants look at images of an actor in a room full of objects and have to determine which
specific object the person is looking at from a list of 4 objects. The choices include the correct
answer, a plausible answer, a close implausible answer, and a distant implausible answer. A
plausible answer is defined as an object that is in the actor’s line of vision, but is not the object
they are focusing on. Implausible answers are defined as objects not in the actor’s line of vision.
The image is shown for 3 seconds, followed by a brief fixation point then an unlimited response

time.
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Stimuli

The tasked used original stimuli. The original database consisted of 218 images to use in
the paradigm. The stimuli used 8 different actors in a total of 19 different settings. In each image
the actor is looking at an object with either just their eyes or using head and eyes. Initial pilot
testing of the stimuli with 42 typically developing adults identified a subset of 155 stimuli to use
in the full experiment. The full experiment also included the Riby et al. 2013 stimuli set of 14

different images with 7 different actors.
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CHAPTER 3

Results

As predicted, there was a slight negative correlation between AQ score and percentage of
questions participants answered correctly, (R=-0.263.) However, this correlation was found to be
insignificant (P>0.99) due to higher variability (standard deviation 19.017.) The high variability
is illustrated in Figure 3 where there are clear clusters of high and low AQ scores, but no clear
definition between groups of individuals that scored high or low on the eye-gaze following task.
Figure 3 also shows that the variance is higher among the high AQ score group.

We had predicted a slightly larger correlation between AQ score and the eyes-only
condition than on the two conditions combined, however analysis on the eyes-only condition also
found a slightly smaller negative correlation (R=-0.1915). This correlation was also insignificant
(P>0.99) with a standard deviation of 20.923. Figure 4 shows the relationship between the AQ
score and the percentage correct in the eye-only condition. As with figure 3, this graph illustrates
the huge variance in scores.

We also predicted that the largest correlation would be a negative correlation between
AQ score and the different in individuals’ percentage correct between the head and eyes
condition and the eyes-only condition. However, there was no significant correlation found (R= -
0.0398 and P> 0.99). There was an unpredicted high amount of variability between percent
difference from the head and eyes to eyes-only condition between individuals, (standard
deviation 50.228). Figure 5 shows AQ score compared to the percent difference between the two
conditions. Most scores are positive because the head and eyes condition is easier since there are
two cues. However, there are several negative scores where participants scored better on eyes

eye-gaze only conditions.
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CHAPTER 4

Discussion

While the study found no significant results, this does not eliminate inhibited eye gaze
following as an endophenotype of autism. One possibility is that the task tested memory more
than eye gaze following skills. Since stimuli were only shown for 3 seconds, it may have been
difficult for participants to remember what objects were in the picture. Also, because there were
four multiple-choice answers to choose from, participants may be answering with the items that
stood out the most or that were closest to the actor. Other studies, such as Riby et al, 2012, use
free response while the participant is still looking at the picture; they have also used eye-tracking
software to see where participants spend the majority of their time looking.

Another possibility is that there may have been correlation between eye-gaze scores and
BAPQ scores, the Broad Autism Phenotype Quotient used to measure autistic like characteristics
in typically developing adults (Hurley et al. 2007), but not AQ scores. Not only is the BAPQ
more reliable based on internal consistency, criterion validity, and incremental validity, a vast
majority of the participants were female and the average AQ score for women is consistently
lower than the average score for men (Ingersoll et al 2011). Baron-Cohen, the creator of the AQ,
states that scores are lower for women because women have less autistic traits, supporting his
extreme male brain theory of autism, (Bayliss and Tipper 2005). This raises concern about the
AQ potentially being biased to support the author’s controversial theory. While participants were
given the BAPQ as part of the testing procedure, that data is currently inaccessible. Future
investigation either should use the BAPQ as a measurement scale or only use male participants.

A third possibility for finding no significant results could be that some items in the task
were too easy since the average scores were extremely high. Future testing should include an
item analysis for the stimuli to find which items truly show differences between individuals with
good and poor eye-gaze following skills.

It should also be considered that autism is a spectrum disorder and not everyone with an
ASD diagnosis shares the same symptoms. It is very possible that some individuals do not have
disrupted eye-gaze following and therefore perhaps only some but not all individuals with high
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AQ scores have disrupted eye-gaze following. This could be a key factor into finding genetic

influences if eye-gaze following is proven to be an endophenotype. If there are high AQ
individuals with low eye-gaze following scores and others with high scores, that acts as a sort of
control. Comparing the high AQ group and low AQ group just looks for genetic differences
between those two groups. However, if all participants have high AQ scores then presumably
there is less genetic diversity and theoretically, the only autism-related difference between the

two groups is eye-gaze following, making it easier to find genes that might relate to that specific

endophenotype.
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APPENDIX

Stimuli Examples
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