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Abstract

The present study was based on the principles of the Extreme Male Brain Theory of
Autism (EMBTA) and aimed to explore the possible link between autistic traits,
social functioning, anxiety, and academic achievement among Emory University
students and faculty members. Several empirically or theoretically selected socio-
demographic and behavioral variables were co-examined to investigate different ways
in which patterns traditionally associated with Autism Spectrum Disorder (ASD) were
present in non-clinical individuals within the broader autism phenotype. Results
suggest that, on average, males had significantly more autistic traits than females, as
did participants in the field of “hard” sciences compared to those in other academic
fields. Having both parents in a scientific occupation predicted higher autistic traits in
offspring. Higher autistic traits were also associated with lower social functioning and
higher anxiety levels among respondents. Findings can be utilized by the institution to
better understand and accommaodate the needs of students and faculty members, or
even by the on-campus counseling and medical services to develop appropriate

strategies and interventions.



Introduction

Autism Spectrum Disorder (ASD) is a group of developmental disabilities
characterized by persistent deficits in social communication and social interaction
(e.g., not directing verbalizations to others, reduced eye contact, not understanding
development of relationships) across multiple contexts, and restricted, repetitive
patterns of behavior, interests, or activities (e.g., arm flapping, obsession with
numbers, strictly follow daily routine)." According to the 2016 CDC's Autism and
Developmental Disabilities Monitoring (ADDM) Network surveillance summary on
the prevalence of ASD in the United States, 1 in 68 children aged eight years meets
the criteria for ASD (approximately one in 42 boys and one in 189 girls with an
overall male-to-female prevalence ratio of 4.5:1).? Interestingly, among those with an
ASD diagnosis, 44% were classified in the average or above average range of
intellectual ability (1Q >85),% which may explain the fact that learning, thinking, and
problem-solving abilities of people with ASD range from gifted to severely
challenged.® Results of an epidemiologic study conducted in England by Brugha et al.
suggest that the prevalence of ASD in adults is similar to that found in children, with
the rate of ASD in adults being significantly higher among men than women (18.2 per
1000 and 2.0 per 1000 respectively).*

Sometimes, the person referred for a diagnostic assessment may have more
autistic traits than occur in the typical population, but not enough to receive an official
ASD diagnosis.® These individuals are described as being “atypical” or “sub-
threshold” and, while they do not have autism, they are “almost there” and need
access to services for the characteristics that are present.’ The investigation of the

characteristics of atypical individuals has the potential to explore, identify, and



describe difficulties that are potentially associated with the presence of autistic traits.
Furthermore, findings can serve to guide future interventions tailored to particular
populations carrying those characteristics.

Grounded on the Extreme Male Brain Theory of Autism (EMBTA), the
purpose of the present study was to explore the possible link between autistic traits,
social functioning, anxiety, and academic achievement among Emory University
students and faculty members. The study can be characterized as exploratory for the
field of public mental health, providing new insights that can help advance the limited
knowledge on quantifying where academically successful individuals are situated on
the continuum from autism to normality. Findings can be utilized by the institution to
inform future program development and interventions, with the goal to promote

mental health among Emory University students and faculty members.



Literature Review

Over the past few years, there has been growing scientific interest for this
particular non-clinical population of individuals with the broader autism phenotype.
Using a self-assessment screening questionnaire - the Autism-Spectrum Quotient
(AQ) - in a randomized control trial, Baron-Cohen and colleagues were the first to
measure the degree to which adults with normal intelligence present traits associated
with the autistic spectrum.® Their findings revealed that AQ scores for males and
females in the general population differed significantly, with males scoring higher
than females (higher AQ score signifies more autistic traits).’

Another major finding of the same study showed that university students
studying “hard” sciences (i.e., physical sciences, biological sciences, mathematics,
computer science, engineering, medicine, and nonspecific science) fell closer to the
autistic spectrum compared to students studying humanities (i.e., classics, languages,
law, architecture, philosophy, English, theology, history, and music) and social
sciences (i.e., geography, economics, social and political sciences, archaeology and
anthropology, land economy, and management), suggesting a relationship between
autistic traits and scientific skills.® The results are consistent with those of an earlier
study indicating that autism occurred significantly more often in families of students
in the fields of physics, engineering, and mathematics.” However, the first to suspect
such a relationship was pediatrician Hans Asperger who believed that for success in
science and art, a dash of autism is essential.®

Baron-Cohen’s innovative research on how individuals of normal intelligence
vary on autistic traits triggered a series of investigations around the world. His study

was replicated (with some variations) in several countries producing similar results,



verifying the differences in autistic traits between male and female students, as well as
between students studying “hard” sciences compared to those studying humanities
and social sciences.”™® In addition to testing for correlations between autistic traits
and socio-demographic factors in university students, a number of studies also
examined different ways in which AQ scores were related to other traits that are
traditionally associated with ASD, but is unclear whether they characterize the
broader phenotype of the disorder. This relatively new type of research holds great
importance for the field of public mental health, since it has the potential to reveal the
major implications of being a university student and having more autistic traits than
those that occur in the typical population. In other words, this new wave of research
aims to answer the question: “Do students with high autistic traits, but without an
ASD diagnosis, present attributes that are usually found in autistic individuals?”

New evidence suggests that students with higher autistic traits have altered
cognitive and learning profiles. Reed and colleagues discovered that cognitive
performance profiles were altered in male university students with higher autism
quotients.? Specifically, among 100 undergraduate students recruited from subjects
related to the science field (e.g., physics, computer science, mathematics), higher AQ
scores predicted lower levels of perceptual learning (i.e., the ability to extract
information from stimuli after repeated exposure to those stimuli) and higher levels of
perceptual search performance (i.e., the ability to find a target object hidden among
distractors or in noise). Maes et al. examined the association between autistic traits
and different aspects of executive functioning in a non-clinical population of
undergraduate students (n=38).'° Compared to social sciences students, “hard”
sciences students had higher AQ scores and greater non-verbal reasoning ability (i.e.,

the ability to understand and analyze visual information and solve problems using



visual reasoning). Horder and colleagues looked for sensory processing abnormalities
in a sample of 772 university students and staff, both with (n=23) and without
(n=749) ASD." Participants’ AQ scores were significantly correlated with scores on
all three sensory scales used, suggesting a link between autistic traits and abnormal
sensory responsivity (i.e., sensory abnormalities including both hypersensitivity and
hyposensitivity to various stimuli, as well as strong preferences for or against stimuli
that are typically regarded as neutral).

Studies also revealed that students with higher autistic traits had altered
behavioral profiles. Austin looked for personality correlates of the broader autism
phenotype, as assessed by the AQ, in 201 undergraduate students.*? Examination of
correlations showed that high AQ scores were associated with higher levels of
neuroticism and lower levels of extraversion and agreeableness. As expected, males
had higher AQ scores than females, “hard” sciences students had higher scores than
other students, as did students with a parent or parents in a scientific occupation.
Jameel et al. investigated pro-social behavior in 51 undergraduate students who
scored high (n=27) and low (n=24) on the AQ, using a novel scenario task.*® Each
scenario involved an opportunity to behave pro-socially, and thus required balancing
the needs of a character against the participant’s own interests. High AQ participants
selected courses of action that were less pro-social than those of the low AQ group. In
addition, high AQ participants gave higher self-satisfaction ratings to actions of low
pro-social value, and lower self-satisfaction ratings to actions of high pro-social value.
Lepage and colleagues focused on quantifying the relationship between empathic
ability (i.e., the ability to understand the emotions, actions, and intentions of others
and to respond accordingly) and autistic traits in 100 undergraduate students in the

“hard” sciences or humanities fields, and in 23 individuals diagnosed with ASD.**



Analysis revealed a significant negative correlation, with higher AQ scores predicting
lower empathic concern for both groups.

Baron-Cohen et al. also investigated whether 1Q and SES influenced AQ
scores. Data collected from a general population sample and a university student
sample were not significantly different, implying that 1Q and SES do not appear to
influence AQ.°

Despite the fact that several cognitive and behavioral aspects of autistic traits
found in non-clinical university populations have already been examined, the social
functioning (i.e., the degree to which individuals are able to interact in the normal or
usual way in society) of the individuals and how it relates to their autism quotient has
yet to be explored. The decision to include an assessment of social functioning in the
present study was made for two main reasons. First, although deficits in social
communication and social interaction is by definition one of the basic characteristics
of ASD,* so far the extent to which this relationship applies to non-clinical university
student populations has not been investigated. Second, since social functioning is
recognized as an increasingly important element of mental health,™ its assessment
could provide an estimate of the sample’s overall mental health state to be taken into
consideration by the institution. Also, knowing that the prevalence of anxiety
disorders is much higher in individuals with ASD than those without ASD or even

those with other neurodevelopmental disabilities,?>*

and that the high levels of stress
experienced by university students with ASD can contribute to the development of an
anxiety disorder,” it was reasonable to investigate whether a similar pattern is present
in individuals with the broader autism phenotype. To our knowledge, only two studies

so far have empirically examined this relationship in non-clinical samples of

university students, suggesting a positive correlation between autistic traits and



anxiety symptoms.?*%* Furthermore, since affiliation status (i.e., student or faculty)
and level of education (i.e., Bachelor’s degree, Master’s degree, Professional degree -
MD/JD, Doctorate degree) can be considered indicators of academic achievement, the
inclusion of faculty members as research participants and participants’ degree level,
served to formulate additional hypotheses not explored so far in the published
research. Therefore, in this study a cross-sectional survey was conducted in order to
identify the possible link between autistic traits, social functioning, anxiety, and
academic achievement among Emory University students and faculty members. The
examination of the aforementioned variables provided some preliminary evidence on
how the Emory community scored on the AQ test. Participants’ AQ scores were also
compared to socio-demographic variables (including gender, affiliation status, level of
education, field of study, and information about biological parents’ occupations) and
to the individuals’ assessment of social functioning and anxiety levels.

The theoretical approach upon which the study was based is the Extreme Male
Brain Theory of Autism (EMBTA). The principles of this particular theory, developed
in 2002 by Baron-Cohen® and informally suggested by Hans Asperger in 1944, lie in
the premise that autism can be considered as an extreme of the normal male profile.
This stems from the fact that, typically, the male brain is significantly better at
“systemizing” (e.g., strong preference for physical systems and machines, high rates
of “extreme” intelligence when it comes to abstract concepts such as those found in
mathematics and sciences) than “empathizing” (e.g., responding empathically to the
distress of other people, sensitivity to facial expressions, better language ability);
while the female brain is defined as the opposite cognitive profile. Since the male
pattern is exaggerated to the extreme in individuals with ASD,® autism can be

considered as an extreme of the normal male profile.>%



Some of the key constructs of the theory which were incorporated in the
present study relate to domains associated with social and communication skills,
imagination, attention to detail, and attention switching/ tolerance of change. The
assessment of these particular domains provided an estimate of the degree to which
Emory University students and faculty members presented traits associated with the
autistic spectrum. Another cluster of domains central to the EMBTA is composed of
aspects of daily social functioning such as work and home tasks, financial concerns,
relationships with family, sexual activity, social contacts, and spare time activities.
The assessment of this second group of constructs provided an estimate of
participants’ perceived social functioning. Although the EMBTA does not explicitly
refer to anxiety as one of its main constructs, the inclusion of a measure for assessing
the severity of anxiety symptoms is supported by the related literature.>?%%*

Based on the above literature review and the principles of the EMBTA, this
study examined the following research hypotheses:

1. Male students and faculty members were expected to present more
autistic traits than the respective females.

2. “Hard” sciences students and faculty members were expected to fall
closer to the autistic spectrum compared to those in other fields.

3. Parental occupation was expected to be associated with the presence of
autistic traits among participants.

4. Increased autistic traits among participants were expected to predict
lower social functioning.

5. Increased autistic traits among participants were expected to predict

higher levels of anxiety.



Additionally, assuming that higher levels of education require higher levels of
systemizing skills, it could also be hypothesized that:

6. The presence of autistic traits was expected to differ significantly
among undergraduate students, graduate students, and faculty
members.

7. The presence of autistic traits was expected to differ significantly

among the levels of education based on degree.
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Methodology

Study design

A cross-sectional survey was employed to test for associations among the
variables of interest. Existing participants’ socio-demographic characteristics, autistic
traits, social functioning, and anxiety levels were measured at a given point in time,

quantified, and evaluated (see Figure 1).

Figure 1: Graphic representation of study design (cross-sectional survey)
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Participants

The survey was electronically sent to the majority of Emory University
students and faculty members (see Procedure section below for details). Using non-
probability convenience sampling, a total of 542 participants established eligibility
and were recruited. Completion rate was 86%, since not all participants completed the
survey. The sample matched a variety of academic fields (“hard” sciences,
humanities, social sciences), programs, disciplines, and levels of education

(undergraduate, graduate, doctoral). Since the study focused on non-clinical subjects,
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individuals with a self-reported history of ASD (including autistic disorder,
Asperger’s syndrome, PDD-NOS, ASD) or any other major psychiatric condition
(such as schizophrenia, bipolar disorder, depressive disorder, anxiety disorder, OCD,
PTSD) were excluded to avoid contamination. Although the target population of this
study was, clearly, the Emory community, study results can also be generalized to
students and faculty members of all major universities in the US with similar
characteristics.
Measures

Four self-report survey questionnaires were used for data collection purposes.
The AQ-10 questionnaire, an abbreviated version of the 50-item AQ questionnaire,
was developed as a brief screener for the assessment of autistic traits in adults with
normal intellectual functioning.?’ The test consists of ten statements, each of which is
in a four-point likert scale format. It comprises five subscales measuring key traits
thought to be important dimensions of ASD: social skills, communication skills,
imagination, attention to detail, and attention switching/ tolerance of change (see the
items included in the AQ-10 and the original item numbers from the AQ-50 in
Appendix A). Each item allows the respondent to indicate “definitely agree,” “slightly
agree,” “slightly disagree,” or “definitely disagree.” Sample items include “I often
notice small sounds when others do not” and “I find it easy to do more than one thing
at once.” Approximately half the questions are worded to elicit an “agree” response
from neurotypical (i.e., non-autistic) individuals, and half to elicit a “disagree”
response. The respondent scores one point for each question which is answered
“autistically,” either slightly or definitely (score range 0-10). A sum score of 6 or
more indicates clinically significant levels of autistic traits, suggesting the individual

should be referred for a full diagnostic assessment. The instrument has demonstrated
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very high test accuracy properties and high internal consistency of scale items
(>0.85).27%8

In order to assess the sample’s social functioning, the Social Functioning
Questionnaire (SFQ) was utilized. The SFQ is an eight-item self-report scale
developed as the self-rated equivalent of the Social Functioning Schedule (a semi-
structured interview covering 14 domains of function each rated on visual analogue
scales), following the need for a quick assessment of perceived social functioning.™
The eight items cover the essential aspects of work and home tasks, financial
concerns, relationships with family, sexual activities, social contacts, and spare time
activities. These are set in the form of statements describing good or poor social
functioning. Sample items include “I get on well with my family and other relatives”
and “I feel lonely and isolated from other people.” Answers are scored on a four-point
likert scale ranging from “very poor” to “good,” worded appropriately for each one of
the statements (see Appendix B). Score can range from 0 to 24, with a sum score of
10 or more indicating poor social functioning.™ In a critical survey of self-report
measures of social functioning, the psychometric characteristics of the SFQ were
found to be more robust than others.?®

A third questionnaire, the Generalized Anxiety Disorder 7-item scale (GAD-
7), was used to assess the sample’s anxiety levels (see Appendix C). The GAD-7 is a
seven-item self-report scale developed on the basis of review of existing anxiety
scales as a screening tool and severity measure for generalized anxiety disorder — one
of the most common anxiety disorders seen in the general population.*** The
respondent is requested to report how often he/she has been bothered by a number of
problems over the last two weeks. Sample items include “Feeling nervous, anxious or

on edge” and “Trouble relaxing.” Response options range from “not at all,” *“several
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days,” “more than half the days,” and “nearly every day” scored as O, 1, 2, and 3,
respectively (score range 0 to 21). Sum scores of 5, 10, and 15 are taken as the cut-off
points for mild, moderate, and severe anxiety, respectively. When used as a screening
tool, further evaluation is recommended when the sum score is 10 or greater.*® Using
the threshold score of 10, the GAD-7 has a sensitivity of 89% and a specificity of
82% for generalized anxiety disorder.®* It is moderately good at screening three other
common anxiety disorders: panic disorder (sensitivity 74%, specificity 81%), social
anxiety disorder (sensitivity 72%, specificity 80%), and post-traumatic stress disorder
(sensitivity 66%, specificity 81%).% The instrument has demonstrated good
reliability, as well as criterion, construct, factorial, and procedural validity.*

Participants were also asked to complete a socio-demographics questionnaire
(see Appendix D) to gather information on gender identity, age, race, ethnicity, as
well as the students’ and faculty members’” academic characteristics such as field of
study, level of education. Finally, participants were prompted to provide information
about their biological parents’ occupations.
Procedure

The survey was built online with the use of REDCap; a secure web-based
application for building and managing online surveys and databases.*® IRB approval
from Emory University was obtained after acquiring written agreement from the
Deans stating that their Schools were willing to disseminate the survey to students and
faculty members. In total, six out of nine Emory University’s Schools agreed to
disseminate information about the study: Candler School of Theology, Goizueta
Business School, Laney Graduate School, Oxford College, Rollins School of Public

Health, and School of Law.
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After obtaining IRB approval from Emory University, potential participants
were reached by their Schools during the Spring semester, at the beginning of January
2016 (see Appendix E for recruitment letter). Goizueta Business School, Laney
Graduate School, Oxford College, Rollins School of Public Health, and School of
Law reached out to their student and faculty members via e-mail, using the respective
listservs. Candler School of Theology published the recruitment letter in the Candler
Chronicle, the School’s official online outlet for community news. After deciding to
take part in the study, participants were prompted to follow a link found in the
recruitment letter which redirected them to the survey’s website. Before completing
the questionnaires, participants had to read and electronically sign the consent form
found in the survey’s website (see Appendix F). Data were collected in aggregate
from January 12" to Feb 9" 2016. No direct identifiers were recorded.

Study participants were directly benefited, as they received feedback related to
their test performance in the form of a personalized automated response (see
Appendix G) after they completed all questionnaires. In particular, participants
scoring at or above the cut-off point for any or all of the screening scales were advised
to consult their family physician, Emory University’s Student Health and Counseling
Services, or the Faculty Staff Assistance Program for more information and a more
detailed screening or diagnostic assessment. Participants scoring below the cut-off
point for all scales were notified that no further action was required.

Analyses

Quantitative data analyses were conducted using IBM SPSS Statistics Version
22. Descriptive (univariate) analyses provided the sample’s basic socio-demographic
characteristics, and a description of respondents’ mean test performance scores on the

AQ-10, SFQ, and GAD-7 questionnaires.
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Multiple statistical analyses were used in order to test the study’s hypotheses
at the conventional .05 level of significance. Independent-samples T-tests were
employed when comparisons in mean scores between two independent groups (e.qg.,
males vs. females, “hard” sciences vs. other fields) were required. Analysis of
variance was used to perform multiple comparisons in mean scores among three or
more groups (e.g., undergraduate students vs. graduate students vs. faculty members).
Finally, simple linear regression served for modeling the relationship between two
variables (e.g., autistic traits and social functioning), while a multiple linear
regression model was utilized to assess the unique contribution of several predictors
that were independently, significantly associated with the presence of autistic traits at

the bivariate level.
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Results

Sample characteristics

A total of 560 Emory University students and faculty members participated in
this study. Individuals who have been diagnosed with ASD or some other major
psychiatric condition (n=18, 3.4%) were automatically excluded using a control
question in the socio-demographics questionnaire. The remaining 542 subjects were
deemed eligible to enroll. As shown in the study flow chart (see Figure 2), the
number of respondents per questionnaire varied due to attrition.

The majority of participants were females (n=370, 72.7%) with a mean age of
27.9 (sd=9.34), ranging from 18 to 73 years of age. The sample was composed of
predominantly White (n=346, 68.4%), non-Hispanic or Latino (n=464, 91.7%),
graduate students (n=367, 72.5%). Most respondents were in the field of social
sciences (n=232, 45.8%), followed by those in “hard” sciences (n=202, 39.9%), and
humanities (n=72, 14.2%). Almost half of the participants had one or both biological
parents in the field of “hard” sciences (n=241, 47.6%). A more detailed descriptive
analysis of the sample’s socio-demographic characteristics is presented in Table 1
(see Appendix H).

The sample (n=476) had a mean AQ score of 2.92 (sd=1.89). Approximately
one in ten participants (n=49, 10.29%) scored at or above the cut-off point, indicating
clinically significant levels of autistic traits. Cronbach’s alpha reliability for this scale
was .56. The sample’s (n=469) mean SFQ score was 6.29 (sd=2.90). A number of
participants (n=66, 14.07%) scored at or above the cut-off point, indicating poor
social functioning. Cronbach’s alpha reliability for this scale was .61. Reported

(n=466) GAD-7 score had a mean of 4.75 (sd=4.17). In total, 64 (13.73%)
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participants scored at or above the cut-off point, indicating clinically significant levels
of anxiety. Cronbach’s alpha reliability for this scale was .87. A summary of the

sample’s behavioral characteristics is presented in Table 2 (see Appendix H).

Figure 2: Study flow chart with attrition analysis
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Hypotheses testing

An independent-samples T-test was employed in order to investigate whether
male students and faculty members presented more autistic traits than the respective
females (1% hypothesis, see Table 3 in Appendix H). As predicted, results suggest that
male students and faculty members had more autistic traits (mean=3.30, sd=1.98) than
the respective females (mean=2.78, sd=1.84) (t= 2.68, df=474, p=.008).

To examine whether “hard” sciences students and faculty members would fall
closer to the autistic spectrum compared to those in other fields (2" hypothesis), two
statistical tests were used. An independent-samples T-test served to compare the mean
AQ score of “hard” sciences students and faculty members, to the mean AQ score of
those in social sciences and humanities combined in one group (see Table 4 in
Appendix H). Results reveal that “hard” sciences students and faculty members fell
closer to the autistic spectrum (mean=3.25, sd=2.05) compared to those in other fields
(mean=2.70, sd=1.75) (t=3.03, df=474, p=.003). Analysis of variance served to test
for differences in autistic traits among students and faculty members in “hard”
sciences, those in social sciences, and those in humanities (see Table 5 in Appendix
H). A statistically significant difference in autistic traits was observed among the
three fields of study (F=(2, 473)=4.89, p=.008). Tukey post hoc tests suggest that the
mean AQ score of students and faculty members in “hard” sciences (mean=3.25,
sd=2.05) was significantly higher than the mean AQ score of those in social sciences
(mean=2.71, sd=1.78, p=.01). However, there was no significant difference in autistic
traits between students and faculty members in “hard” sciences (mean=3.25, sd=2.05)

and those in humanities (mean=2.68, sd=1.68, p=.09).” Similarly, students and faculty

" When compared using an independent-samples T-test (see Table 6 in Appendix H), a
significant difference in mean AQ scores is revealed between “hard” sciences and humanities
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members in social sciences (mean=2.71, sd=1.78) and those in humanities
(mean=2.68, sd=1.68) did not differ in mean AQ scores (p=.99).

Three statistical tests were utilized to explore whether parental occupation was
associated with the presence of autistic traits among participants (3 hypothesis). To
assess whether students and faculty members with one or both biological parents in a
scientific occupation presented more autistic traits relative to those whose parents
were not in a scientific occupation, an independent-samples T-test was used (see
Table 7 in Appendix H). This particular hypothesis was not verified, since no
significant difference in autistic traits was observed between the two groups (t=.50,
df=470, p=.618). To assess whether students and faculty members with both
biological parents in a scientific occupation presented more autistic traits relative to
those with only one biological parent (either the mother or the father) in a scientific
occupation, an independent-samples T-test was employed (see Table 8 in Appendix
H). Results suggest that students and faculty members with both biological parents in
a scientific occupation (mean=3.68, sd=1.85) had more autistic traits relative to those
with only one biological parent in a scientific occupation (mean=2.65, sd=1.80) (t= -
3.94, df=224, p<.001). Analysis of variance was employed to investigate possible
differences in autistic traits among participants with a biological father in a scientific
occupation, those with a biological mother in a scientific occupation, and those with
both parents in a scientific occupation (see Table 9 in Appendix H). A statistically
significant difference in autistic traits was observed among the three groups (F=(2,
223)=7.90, p<.001). Tukey post hoc tests suggest that the mean AQ score for
participants with both parents in a scientific occupation (mean=3.68, sd=1.85) was

significantly higher than the mean AQ score of those with a biological father in a

students and faculty members (p=.04) which is not maintained in the more conservative
ANOVA model (p=.09).
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scientific occupation (mean=2.61, sd=1.80, p<.001). However, there was no
significant difference in autistic traits between participants with both parents in a
scientific occupation (mean=3.68, sd=1.85) and those with a biological mother in a
scientific occupation (mean=2.82, sd=1.83, p=.067)." Similarly, participants whose
biological fathers were in a scientific occupation (mean=2.61, sd=1.80) and those
whose biological mothers were in a scientific occupation (mean=2.82, sd=1.83) did
not differ in mean AQ scores (p=.824).

Simple linear regression served to evaluate whether increased autistic traits
among participants would predict lower social functioning (4™ hypothesis, see Table
11 in Appendix H). Results reveal that the level of autistic traits was a statistically
significant predictor of social functioning (B=.450, 95% CI1=.318; .583, p<.001). On
average, with each unit increase in autistic traits, there was a .450 point increase in the
SFQ score, indicating lower levels of social functioning. The R2 for this model was
.087, indicating that approximately 8.7% of the variance in social functioning can be
explained by the presence of autistic traits.

Similarly, simple linear regression also served to evaluate whether increased
autistic traits among participants would predict higher levels of anxiety (5™
hypothesis, see Table 12 in Appendix H). Results suggest that the level of autistic
traits was a statistically significant predictor of anxiety (B=.562, 95% CI1=.369; .756,
p<.001) indicating that on average, with each unit increase in autistic traits, there was
a .562 point increase in anxiety. The R2 for this model was .066, indicating that
approximately 6.6% of the variance in anxiety can be explained by the presence of

autistic traits.

* When compared using an independent-samples T-test (see Table 10 in Appendix H), a
significant difference in mean AQ scores is revealed between participants with both parents in
“hard” sciences and those with a biological mother in “hard” sciences (p=.029) which is not
maintained in the more conservative ANOVA model (p=.09).
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To explore whether the presence of autistic traits differed significantly among
undergraduate students, graduate students, and faculty members (6" hypothesis),
analysis of variance was performed (see Table 13 in Appendix H). A statistically
significant difference was observed in autistic traits among the three groups (F=(2,
473)=7.373, p=.001). Tukey post hoc tests suggest that the mean AQ score of
undergraduate students (mean=3.63, sd=2.03) was significantly higher than the mean
AQ score of both graduate students (mean=2.86, sd=1.84, p=.005) and faculty
members (mean=2.42, sd=1.83, p=.001). However, there was no significant difference
in autistic traits between graduate students (mean=2.86, sd=1.84) and faculty
members (mean=2.42, sd=1.83, p=.222).

Analysis of variance was also used in order to determine whether the presence
of autistic traits differed significantly among the levels of education based on degree
(7th hypothesis, see Table 14 in Appendix H). Results do not indicate significant
differences in autistic traits among the various degree levels (F=(3, 461)=1.924,
p=.125). However, when compared using an independent-samples T-test (see Table 15
in Appendix H), a significant difference in mean AQ scores is revealed between
Bachelor-level students/degree holders (mean=3.32, sd=1.88) and Master-level
students/degree holders (mean=2.72, sd=1.85) (t= 2.41, df=253, p=.017).

Evidence suggesting that undergraduate students seem to present more autistic
traits compared to both graduate students and faculty members, and that Bachelor-
level students/degree holders have more autistic traits compared to Master-level
students/degree holders, indicate that age might also be a variable of interest.
Therefore, an additional simple linear regression model served to assess whether
participants’ age was associated with the presence of autistic traits (see Table 16 in

Appendix H). Results reveal that age was a statistically significant predictor of
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autistic traits (B=-.023, 95% CIl=-.041; -.0005, p=.012) suggesting that on average,
with each additional year of age, there was a .023 point decrease in autistic traits. The
R2 for this model was .013, indicating that approximately 1.3% of the variance in
autistic traits can be explained by age.

Analysis of variance served to test for differences in autistic traits among the
racial groups (see Table 17 in Appendix H)." A statistically significant difference in
autistic traits was observed among the five racial groups (F=(4, 468)=5.89, p<.001).
Tukey post hoc tests suggest that the mean AQ score was significantly higher for
Asians (mean=3.85, sd=2.09) compared to Whites (mean=2.77, sd=1.83, p<.001) and
Black or African Americans (mean=2.45, sd=1.80, p=.001). No significant difference
in autistic traits was observed between Whites (mean=2.77, sd=1.83) and Black or
African Americans (mean=2.45, sd=1.80, p=.849), Whites (mean=2.77, sd=1.83) and
those reporting more than one race (mean=3.00, sd=1.50, p=.974), Whites
(mean=2.77, sd=1.83) and those of unknown or who wished not to report their race
(mean=3.58, sd=1.98, p=.564), Black or African Americans (mean=2.45, sd=1.80)
and those reporting more than one race (mean=3.00, sd=1.50, p=.773), Black or
African Americans (mean=2.45, sd=1.80) and those of unknown or who wished not to
report their race (mean=3.58, sd=1.98, p=.773), Asians (mean=3.85, sd=2.09) and
those reporting more than one race (mean=3.00, sd=1.50, p=.286), Asians
(mean=3.85, sd=2.09) and those of unknown or who wished not to report their race
(mean=3.58, sd=1.98, p=.990), participants reporting more than one race (mean=3.00,
sd=1.50) and those of unknown or who wished not to report their race (mean=3.58,

sd=1.98, p=.899).

* The racial groups of Native Hawaiian or Other Pacific Islanders, and American Indian or
Alaska Natives were excluded from the analysis because of their small number of cases (1
and 2 cases respectively).
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Finally, certain socio-demographic and behavioral characteristics that were
independently, significantly associated with the presence of autistic traits at the
bivariate level, were included in a subsequent multivariate linear regression model
using the Enter method in order to assess their unique contribution (see Table 18 in
Appendix H). Results of the regression model suggest that participants’ gender, race,
field of study, social functioning, and anxiety were significantly associated with
autistic traits. Specifically, on average, female participants had an AQ-10 score that
was .519 points lower than that of males when controlling for age, race, field of study,
social functioning, and anxiety (B=-.519; 95%ClI=-.913, -.126; p=.01). As far as race
is concerned, Asians had an average AQ-10 score that was .834 points higher than
that of Whites and Black or African Americans combined in one group when
controlling for age, gender, field of study, social functioning, and anxiety (B=.834;
95%CI=.356, 1.312; p=.001). On average, participants who were not in the field of
“hard” sciences had an AQ-10 score that was .500 points lower than that of “hard”
sciences students and faculty members when controlling for age, gender, race, social
functioning, and anxiety (B=-.500; 95%CI= -.848, -.151; p=.005). For each unit
increase in social functioning (indicating poorer social functioning), autistic traits
increased on average by .116 points when controlling for age, gender, race, field of
study, and anxiety (B=.116; 95%ClI= .42, .189; p=.002). For each unit increase in
anxiety, autistic traits increased on average by .063 points when controlling for age,
gender, race, field of study, and social functioning (B=.063; 95%CI=.013, .114;
p=.014). Participants’ age was not significantly associated with autistic traits in this
model (p=.329). The total regression model accounted for 16.5% of the variance

in autistic traits as measured by the AQ-10.
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Discussion

Results can be divided in eight thematic categories. For each category, the
relationship between a particular personal characteristic and the presence of autistic
traits among non-clinical individuals is discussed.

Gender and autistic traits

As predicted, male participants had significantly more autistic traits than the
respective females. The male-biased sex ratio in ASD is probably the most prominent
finding in all epidemiologic studies regarding the prevalence of the disorder, with a
relatively constant male-to-female prevalence ratio of 4.5:1 for all cases, and as high
as 11:1 for individuals with high-functioning autism such as Asperger’s syndrome.*’
As previously described, this association seems to hold true among non-clinical
university samples as well.>**® In a systematic review study measuring autistic traits
in a non-clinical general population sample of 6,934 adult males and females, Ruzich
and her colleagues were able to verify the male bias after reviewing 73 related
articles.® In a more recent study using a “big data” sample collected through the UK
Channel 4 television website following the broadcasting of a popular medical
education program, Ruzich et al. found sex differences in autistic traits to be
significant among 450,394 individuals.*

Scientific field and autistic traits

“Hard” sciences students and faculty members fell closer to the autistic
spectrum compared to those in other scientific fields. This finding is consistent with
those of earlier studies conducted among university students, indicating a strong
relationship between scientific field and autistic traits.>**® According to the EMBTA,

the differences in autistic traits based on scientific field can be explained by the
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presence of higher systemizing and lower empathizing abilities among those in the
field of “hard” sciences.?® The body of literature regarding sex differences in autistic
traits and correlations between autistic traits and scientific field, supports the EMBTA
principle postulating that autism can be considered as an extreme of the normal male
profile.?>%
Parental occupation and autistic traits

A number of studies have identified that parents of children with ASD could
be found in highly systemizing occupations.*®*? Similarly, in the present study,
parental occupation was expected to be associated with the presence of autistic traits
in offspring. Contrary to findings by Austin revealing that students with one or both
biological parents in a scientific occupation had higher AQ scores compared to those
with parents in a non-scientific occupation,*? in this sample, parental occupation
predicted higher autistic traits only for participants with both biological parents in a
scientific occupation. Our finding is consistent with the EMBTA and the *“assortative
mating” phenomenon, according to which the combination of two highly systemizing

D 4144 o1 in

parents may contribute to the likelihood of producing a child with AS
this case, offspring with atypical characteristics. However, since genetic susceptibility
due to specific mutations in parents or epigenetic changes in earlier generations that
become more apparent in offspring has not yet been identified,*> we should not draw
the simplistic conclusion that all technical-minded people carry genes which
contribute to autism,*® nor that the pairing of technical-minded people will always
produce a child with ASD or increased autistic traits.

Social functioning and autistic traits

To the best of our knowledge, this is the first time a link between social

functioning and autistic traits is explored in a non-clinical population. In particular,
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results show that higher autistic traits predicted lower social functioning among study
participants, suggesting that deficits in social communication and social interaction
seem to be present not only in individuals with ASD,* but also manifest among sub-
threshold individuals in a linear fashion.
Anxiety and autistic traits

It has been well documented that higher rates of anxiety disorders are common
in individuals with ASD, compared to both individuals without ASD and those with
other neurodevelopmental disabilities.?**? In accordance with previously reported
findings suggesting a positive correlation between autistic traits and anxiety

2324 \ve found that higher autistic traits predicted

symptoms in non-clinical samples,
higher levels of anxiety among respondents. Unsurprisingly and analogously to the
linear relationship previously revealed between social functioning and autistic traits,
results indicate that anxiety symptomatology also seems to uniquely characterize the
broader autism phenotype.
Level of education and autistic traits

Assuming that higher levels of education require higher levels of systemizing
skills, we also tested for differences in autistic traits among participants based on
affiliation status (undergraduate student, graduate student, faculty member) and based
on degree (Bachelor’s degree, Master’s degree, Professional degree - MD/JD,
Doctorate degree). Contrary to what was expected, undergraduate students had
significantly higher autistic traits relative to both graduate students and faculty
members, and Bachelor-level students/degree holders had significantly higher autistic
traits compared to Master-level students/degree holders. These results suggest that our

initial assumption was flawed. However, since many of the Bachelor-level

undergraduate students are expected to progress to higher levels of education,
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additional research using a sample with more stable educational characteristics might
be more appropriate to investigate the related hypotheses.
Age and autistic traits

Despite the fact that there is a lack of literature supporting an effect of age on
autistic traits,> such an investigation was deemed necessary in this study due to the
previously presented evidence supporting that the younger, undergraduate students
had more autistic traits compared to the older, graduate students and faculty members.
When tested in isolation, age appeared to be associated with autistic traits, with
increased age predicting a decrease in autistic traits among participants. However,
participants’ age was not significantly associated with autistic traits when controlling
for other variables, suggesting that there is no meaningful association between the
two variables and that the initial statistically significant association was likely an
artifact.
Race and autistic traits

Asians had significantly more autistic traits compared to both Whites, and
Black or African Americans. This association remained significant even when
controlling for age, gender, field of study, social functioning, and anxiety. In the past,
fluctuations in autistic traits as measured by the AQ have been documented across
countries and across different ethnic groups within the same country, with behaviors
associated with autistic traits being reported to a greater extent in the Eastern
compared to the Western cultures.*® However, it was later suggested that the observed
fluctuations in autistic traits between the two cultures are not clinically meaningful,
and can rather be explained by the strong influence of culture-specific values, norms,
and expectations on the expression of socio-communicative behavior.*’ The

adaptation of the AQ in many Eastern countries (including China, Japan, and India)
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produced a variety of culturally calibrated instruments, thus eliminating the culture
bias.**! In the present study, we utilized the English version of the AQ-10 and did
not account for cultural differences in autism-related behaviors between Western and
Eastern cultures. Furthermore, Asian participants may be international
students/faculty members, immigrants, or natives who have been raised in a
traditionally Eastern familial environment. Therefore, we cannot conclude that the
observed statistical difference in autistic traits of Asians vs. Whites, and Black or
African Americans is also a true and meaningful one.

Limitations

The study presents at least four major limitations. First, the study design does
not allow for causal inferences. Since correlation does not mean causation, it is
impossible to establish a cause and effect relationship between the variables of
interest. For example, although results indicate that undergraduate students had
significantly higher autistic traits relative to both graduate students and faculty
members, we cannot infer that there is a true causal relationship between affiliation
status and autistic traits.

The second limitation is related to the instruments the study utilized for data
collection purposes. Since all data were self-reported, over- or under-reporting may
have occurred due to social desirability bias. For example, participants may have
exaggerated on the level of social functioning because they were too embarrassed to
report poor sexual activity. Also, the SFQ and the GAD-7 require participants to
provide their answers based on “...how you have been recently.” and “Over the last 2
weeks...” respectively. Since mood and behavior can vary significantly at different
points in time based on a multitude of factors, it is possible that participants’

responses might have been influenced by their current mental state, and do not reflect
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their usual (or average) levels of social functioning and anxiety as measured by the
two instruments. Future work needs to consider alternative data collection methods
and instruments in order to address this limitation.

Another limitation to the current dataset is that there was no mechanism in the
online platform by which to limit the number of times individuals could take the
survey, and which did not require collecting identifiable information thus increasing
the risk of compromising participants’ anonymity. Therefore, it was impossible for us
to identify and remove potential duplicates. However, we assume that the number of
duplicates (if any) was limited and did not have a significant effect on the results.

Lastly, the under-representation of certain Schools in the sample (e.g., only 2
participants from Candler School of Theology, and 3 from Nell Hodgson Woodruff
School of Nursing were recruited) may have influenced the results of the study.
However, since the sample was composed of participants from all academic fields
(“hard” sciences, social sciences, humanities), we assume that the under-
representation of Schools had a very limited effect on the results.

Conclusions and Implications

The present study co-examined several empirically or theoretically selected
socio-demographic and behavioral variables to investigate different ways in which,
patterns traditionally associated with ASD, are present in non-clinical individuals
within the broader autism phenotype. The study can be characterized as exploratory
for the field of public mental health. Findings can help advance the limited knowledge
on quantifying where academically successful individuals are situated on the
continuum from autism to normality.

Knowing that “atypical” or “sub-threshold” individuals need access to services

for the autistic characteristics that are present,* that the handicap created by poor



30

social functioning is at least as important as that created by physical or psychological
symptoms,* and the well documented effects of anxiety and its correlates (including
associations with depression and suicidality),>*°° Results from this study can
potentially serve to guide future public mental health interventions. In particular,
findings can be utilized by the institution to better understand and accommodate the
needs of students, or even by the on-campus counseling center and medical services to
develop appropriate strategies and interventions. Findings can also be taken into
consideration by the university for creating effective faculty development programs.
Having identified the value of such interventions, the Massachusetts Institute of
Technology (MIT) Student Activities Office created “Charm School.” Since 1993,
MIT “Charm School” offers classes on topics including money management, dating
etiquette, how to ask for a recommendation letter, small talk, networking, nonverbal
communication, and table manners.*® In a different setting, researchers at Sidney
Kimmel Medical College (formerly known as Jefferson Medical College) Center for
Research in Medical Education and Health Care have developed the Jefferson Scale
of Physician Empathy (JSPE) to measure empathy in physicians.”” Empathy is
essential in patient care and has been defined as a cognitive attribute that involves the
ability to understand the patient's pain, suffering, and perspective, combined with a
capability to communicate this understanding and an intention to help.>® Currently,
several interventions are being developed with the goal to enhance empathy among
medical students, such as using a structured visual arts-based program designed to
improve listening, communication, and other skills related to empathy.>®

Future efforts can focus on exploring the effect of social support and other
variables as possible confounders of the relationship between autistic traits, social

functioning, and anxiety. Also, by considering the evidence suggesting altered
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learning,’ cognitive,
investigations can lead to the development of multi-level, targeted interventions,

tailored to the distinct characteristics of the members of the Emory community.

31



10.

11.

32

References

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition. Arlington, VA: American Psychiatric
Association; 2013.

Christensen DL, Baio J, Braun KV, et al. Prevalence and Characteristics of
Autism Spectrum Disorder Among Children Aged 8 Years - Autism and
Developmental Disabilities Monitoring Network, 11 Sites, United States,
2012. Morbidity and mortality weekly report. Surveillance summaries
(Washington, D.C. : 2002). 2016;65(3):1-23.

Facts About ASD. Centers for Disease Control and Prevention Web site.
www.cdc.gov/ncbddd/autism/facts.html. Accessed March 19, 2015.

Brugha TS, McManus S, Bankart J, et al. Epidemiology of autism spectrum
disorders in adults in the community in England. Arch Gen Psychiatry.
2011;68(5):459-465.

Attwood, T. The Complete Guide to Asperger’s Syndrome. London, UK:
Jessica Kingsley Publishers; 2007.

Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-
spectrum quotient (AQ): evidence from Asperger syndrome/high-functioning
autism, males and females, scientists and mathematicians. Journal of autism
and developmental disorders. 2001;31(1):5-17.

Baron-Cohen S, Bolton P, Wheelwright S, Scahill V, Short L, Mead G, Smith
A. Autism occurs more often in families of physicists, engineers, and
mathematicians. Autism. 1998;2:296-301.

Asperger, H. Autistic Psychopathy in Childhood. In: Frith U, ed. Autism and
Asperger Syndrome. Cambridge: Cambridge University Press; 1991[1944]:37-
92.

Reed P, Lowe C, Everett R. Perceptual learning and perceptual search are
altered in male university students with higher Autism Quotient scores.
Personality and Individual Differences. 2011;51:732-736.

Maes JH, Vissers CT, Egger JI, Eling PA. On the relationship between autistic
traits and executive functioning in a non-clinical Dutch student population.
Autism: the international journal of research and practice. 2013;17(4):379-
389.

Horder J, Wilson CE, Mendez MA, Murphy DG. Autistic traits and abnormal
sensory experiences in adults. Journal of autism and developmental disorders.
2014:;44(6):1461-1469.


http://www.nimh.nih.gov/health/topics/autism-spectrum-disorders-asd/index.shtml.%20Accessed%20December%206

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

33

Austin EJ. Personality correlates of the broader autism phenotype as assessed
by the Autism Spectrum Quotient (AQ). Personality and Individual
Differences. 2005;38:451-460.

Jameel L, Vyas K, Bellesi G, Roberts V, Channon S. Going "above and
beyond': are those high in autistic traits less pro-social? Journal of autism and
developmental disorders. 2014;44(8):1846-1858.

Lepage JF, Lortie M, Taschereau-Dumouchel V, Théoret H. Validation of
French-Canadian Versions of the Empathy Quotient and Autism Spectrum
Quotient. Canadian Journal of Behavioural Science. 2009;41(4):272-276.

Palmer CJ, Paton B, Enticott PG, Hohwy J. 'Subtypes' in the Presentation of
Autistic Traits in the General Adult Population. Journal of autism and
developmental disorders. 2014.

Stewart ME, Austin EJ. The structure of the Autism-Spectrum Quotient (AQ):
Evidence from a student sample in Scotland. Personality and Individual
Differences. 2009;47:224-228.

Broadbent J, Galic I, Stokes MA. Validation of autism spectrum quotient adult
version in an Australian sample. Autism research and treatment.
2013;2013:984205.

Pisula E, Kawa R, Szostakiewicz L, Lucka I, Kawa M, Rynkiewicz A. Autistic
traits in male and female students and individuals with high functioning
autism spectrum disorders measured by the Polish version of the Autism-
Spectrum Quotient. PloS one. 2013;8(9):e75236.

Tyrer P, Nur U, Crawford M, et al. The Social Functioning Questionnaire: a
rapid and robust measure of perceived functioning. The International journal
of social psychiatry. 2005;51(3):265-275.

Gadow KD, DeVincent CJ, Schneider J. Comparative study of children with
ADHD only, autism spectrum disorder + ADHD, and chronic multiple tic
disorder + ADHD. J Atten Disord. 2009;12(5):474-485.

Green J, Gilchrist A, Burton D, Cox A. Social and psychiatric functioning in
adolescents with Asperger syndrome compared with conduct disorder. Journal
of autism and developmental disorders. 2000;30(4):279-293.

White SW, Oswald D, Ollendick T, Scahill L. Anxiety in children and
adolescents with autism spectrum disorders. Clin Psychol Rev.
2009;29(3):216-229.

Liew SM, Thevaraja N, Hong RY, Magiati I. The relationship between autistic
traits and social anxiety, worry, obsessive-compulsive, and depressive
symptoms: specific and non-specific mediators in a student sample. Journal of
autism and developmental disorders. 2015;45(3):858-872.



24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

34

Kanne SM, Christ SE, Reiersen AM. Psychiatric symptoms and psychosocial
difficulties in young adults with autistic traits. Journal of autism and
developmental disorders. 2009;39(6):827-833.

Baron-Cohen S. The extreme male brain theory of autism. TRENDS in
Cognitive Sciences. 2002;6(6):248-254.

Baron-Cohen S, Lombardo MV, Auyeung B, Ashwin E, Chakrabarti B,
Knickmeyer R. Why are autism spectrum conditions more prevalent in males?
PLoS biology. 2011;9(6):€1001081.

Allison C, Auyeung B, Baron-Cohen S. Toward brief "Red Flags" for autism
screening: The Short Autism Spectrum Quotient and the Short Quantitative
Checklist for Autism in toddlers in 1,000 cases and 3,000 controls [corrected].
Journal of the American Academy of Child and Adolescent Psychiatry.
2012;51(2):202-212.e207.

Booth T, Murray AL, McKenzie K, Kuenssberg R, O'Donnell M, Burnett H.
Brief report: an evaluation of the AQ-10 as a brief screening instrument for
ASD in adults. Journal of autism and developmental disorders.
2013;43(12):2997-3000.

Blount C, Evans C, Birch S, Warren F, Norton K. The properties of self-report
research measures: beyond psychometrics. Psychol Psychother. 2002;75(Pt
2):151-164.

Wittchen HU, Zhao S, Kessler RC, Eaton WW. DSM-I11-R generalized
anxiety disorder in the National Comorbidity Survey. Arch Gen Psychiatry.
1994;51(5):355-364.

Kessler RC, Brandenburg N, Lane M, et al. Rethinking the duration
requirement for generalized anxiety disorder: evidence from the National
Comorbidity Survey Replication. Psychol Med. 2005;35(7):1073-1082.

Kessler RC, Keller MB, Wittchen HU. The epidemiology of generalized
anxiety disorder. Psychiatr Clin North Am. 2001;24(1):19-39.

Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med.
2006;166(10):1092-1097.

Swinson RP. The GAD-7 scale was accurate for diagnosing generalised
anxiety disorder. Evid Based Med. 2006;11(6):184.

Kroenke K, Spitzer RL, Williams JB, Monahan PO, Lowe B. Anxiety
disorders in primary care: prevalence, impairment, comorbidity, and detection.
Ann Intern Med. 2007;146(5):317-325.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—A metadata-driven methodology and



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

35

workflow process for providing translational research informatics support.
Journal of Biomedical Informatics.42(2):377-381.

Gillberg C, Cederlund M, Lamberg K, Zeijlon L. Brief report: "the autism
epidemic”. The registered prevalence of autism in a Swedish urban area.
Journal of autism and developmental disorders. 2006;36(3):429-435.

Ruzich E, Allison C, Smith P, et al. Measuring autistic traits in the general
population: a systematic review of the Autism-Spectrum Quotient (AQ) in a
nonclinical population sample of 6,900 typical adult males and females. Mol
Autism. 2015;6:2.

Ruzich E, Allison C, Chakrabarti B, et al. Sex and STEM Occupation Predict
Autism-Spectrum Quotient (AQ) Scores in Half a Million People. PloS one.
2015;10(10):e0141229.

Baron-Cohen S, Wheelwright S, Stott C, Bolton P, Goodyer I. Is There a Link
between Engineering and Autism? Autism: the international journal of
research and practice. 1997;1(1):101-109.

Baron-Cohen S. Two new theories of autism: hyper-systemising and
assortative mating. Archives of disease in childhood. 2006;91(1):2-5.

Wheelwright S, Baron-Cohen S. The link between autism and skills such as
engineering, maths, physics and computing: a reply to Jarrold and Routh.
Autism: the international journal of research and practice. 2001;5(2):223-227.

Baron-Cohen S. Autism and the technical mind: children of scientists and
engineers may inherit genes that not only confer intellectual talents but also
predispose them to autism. Scientific American. 2012;307(5):72-75.

Buchen L. Scientists and autism: When geeks meet. Nature.
2011;479(7371):25-27.

Dickerson AS, Pearson DA, Loveland KA, Rahbar MH, Filipek PA. Role of
parental occupation in autism spectrum disorder diagnosis and severity.
Research in autism spectrum disorders. 2014;8(9):997-1007.

Freeth M, Sheppard E, Ramachandran R, Milne E. A cross-cultural
comparison of autistic traits in the UK, India and Malaysia. Journal of autism
and developmental disorders. 2013;43(11):2569-2583.

Norbury CF, Sparks A. Difference or disorder? Cultural issues in
understanding neurodevelopmental disorders. Developmental psychology.
2013;49(1):45-58.

Wakabayashi A, Baron-Cohen S, Wheelwright S, Tojo Y. The Autism-
Spectrum Quotient (AQ) in Japan: A cross-cultural comparison. Journal of
autism and developmental disorders. 2006;36(2):263-270.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

36

Lau WY, Gau SS, Chiu YN, et al. Psychometric properties of the Chinese
version of the Autism Spectrum Quotient (AQ). Research in developmental
disabilities. 2013;34(1):294-305.

Wakabayashi A, Tojo Y, Baron-Cohen S, Wheelwright S. [The Autism-
Spectrum Quotient (AQ) Japanese version: evidence from high-functioning
clinical group and normal adults]. Shinrigaku kenkyu : The Japanese journal
of psychology. 2004;75(1):78-84.

Rudra A, Banerjee S, Singhal N, Barua M, Mukerji S, Chakrabarti B.
Translation and usability of autism screening and diagnostic tools for autism
spectrum conditions in India. Autism research : official journal of the
International Society for Autism Research. 2014;7(5):598-607.

Kager A, Lang A, Berghofer G. et al. Family dynamics, social functioning,
and quality of life in psychiatric patients. European Journal of Psychiatry.
2000;14:161-170.

Eisenberg D, Gollust SE, Golberstein E, Hefner JL. Prevalence and correlates
of depression, anxiety, and suicidality among university students. Am J
Orthopsychiatry. 2007;77(4):534-542.

Horn PJ, Wuyek LA. Anxiety disorders as a risk factor for subsequent
depression. Int J Psychiatry Clin Pract. 2010;14(4):244-247.

Kaufman J, Charney D. Comorbidity of mood and anxiety disorders. Depress
Anxiety. 2000;12 Suppl 1:69-76.

MIT Student Activities Office — Charm School. Massachusetts Institute of
Technology Web site. http://studentlife.mit.edu/sao/charm. Accessed May 22,
2015.

Hojat M, Mangione S, Nasca TJ, et al. The Jefferson Scale of Physician
Empathy: Development and Preliminary Psychometric Data. Educational and
Psychological Measurement. 2001;61(2):349-365.

Hojat M, Gonnella JS, Nasca TJ, Mangione S, Vergare M, Magee M.
Physician empathy: definition, components, measurement, and relationship to
gender and specialty. The American journal of psychiatry. 2002;159(9):1563-
1569.

Yang KT, Yang JH. A study of the effect of a visual arts-based program on the
scores of Jefferson Scale for Physician Empathy. BMC medical education.
2013;13:142.


http://studentlife.mit.edu/sao/charm.%20Accessed%20May%2022

Appendices

37



Appendix A

38

Items of the AQ-10 and original AQ-50 item numbers

Scale [tem Original item
number from
AQ-50
Amention 1o I often notice small sounds 5
detail when others do not
I usually concentrate more on 28
the whaole picture, rather than
the small details
Aftention I find it easy to do more than 32
switching one thing at once
If there is an interruption, [ can 37
switch back to what [ was
doing very quickly
Comemunication 1 find it easy to ‘read between 27
the lines’ when someone is
talking to me
I know how to tell if someone 31
listening to me is getting
bored
Fmagination When I'm reading a story [ find 20
it difficult to work out the
characters intentions
I like to collect information 41
ahout categories of things (e.g.
types of car, types of bird,
types of train, types of plant,
etc.)
Social I find it easy to work out what 36
someone is thinking or feeling
just by looking at their face
I find it difficult to work out 45

people’s intentions

Adapted from: Booth et al.*?
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The Social Functioning Questionnaire (SFQ)

Please look at the statements below and tick the reply that comes closest to how you have
been recently (or in the past two weeks for studies involving repeated measurement)

I complete my tasks at work and home satisfactorily.

I find my tasks at work and at home very stressful.

I have no money problems.

I have difficulties in getting and keeping close

relationships.

I have problems in my sex life.

I get on well with my family and other relatives.

I feel lonely and isolated from other people.

I enjoy my spare time

Most of the time
Quite often
Sometimes

Not at all

Most of the time
Quite often
Sometimes

Not at all

No problems at all
Slight worries only
Definite problems
Very severe problems

Severe difficulties
Some problems
Occasional problems
No problems at all

Severe problems
Moderate problems
Occasional problems
No problems at all

Yes, definitely

Yes, usually

No, some problems
Mo, severe problems

Almost all the time
Much of the time
Not usually

Not at all

Very much
Sometimes
Not often
Not at all

o000 0000 oooo

0000 ooOono ooOoo oooo ooomd

e b -
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L el = D
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Adapted from: Tyler et a
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The Generalized Anxiety Disorder 7-item scale (GAD-7)

Ovver the last 2 weeks, how often have you been
bothered by the following problems?

1. Feeling nervous, anxious or on edoge

2. Not being able to stop or control worrying
3. Worrying too much about different things
4. Trouble relaxing

5. Being so0 restless that it is hard to sit still
6. Becoming easily annoyed or irritable

7. Feeling afraid as if something awful might happen

Mot  Several than half every

at all
0

22 QO QO QO O

days
1

1
1

More  Mearly
the days day
2 3
2 3
2 3
2 3
2 3
2 3
2 3

Adapted from: Spitzer et a

|.32
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Appendix D

The Socio-Demographics Questionnaire

Have you ever received a diagnosis of an autism spectrum disorder (including
Autistic Disorder, Asperger Syndrome, PDD-NQOS, ASD) or any other major
psychiatric condition (such as Schizophrenia, Bipolar Disorder, Depressive
Disorder, Anxiety Disorder, OCD, PTSD)?

O] Yes  No

What is your gender identity? Choose one.

L1 Male
] Female
1 Transgender/Transsexual

What is your age?

years old

Do you consider yourself to be Hispanic or Latino?

O Yes O No

What is your racial background? Choose one.

O] White

[ Black or African American

J American Indian or Alaska Native

[J Native Hawaiian or Other Pacific Islander
O Asian

1 More than one race

1 Unknown or Wish Not to Report

What is your primary status with Emory University? Choose one.

[J Undergraduate Student
[ Graduate Student
] Faculty Member



10.

11.

12.
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Which is your primary school?

[J Candler School of Theology

[ College of Arts and Sciences

[] Goizueta Business School

[ Laney Graduate School

1 Nell Hodgson Woodruff School of Nursing
[1 Oxford College

[ Rollins School of Public Health

1 School of Law

[1 School of Medicine

What is the highest degree you received or are a candidate for? Choose one.

] Bachelor’s degree

] Master’s degree

[ Professional degree (MD, JD)
[J Doctorate degree

What is your major field of study (e.g., nursing, law, genetics, business)?

Which of the following best describes your major field of study identified in
question #7? Choose one.

[ Hard sciences (including natural sciences)
[ Social sciences
1 Humanities

Are/were either of your biological parents in one of the following
occupations: mathematics, physics, chemistry, engineering, computer science,
biology, medicine?

O Yes O No

If you answered “Yes” to question #9, which of your biological parents is/was
in a scientific occupation? Choose one.

[ Biological father
[1 Biological mother
[1 Both parents
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Appendix E

EMORY it

Il B L I@
HEALTH

Dear students and faculty,

My name is Loizos Nikolaou and | am a graduate student at Emory University,
Rollins School of Public Health. I would like to invite you to participate in my
Master’s Thesis research study. | am interested in exploring the link between social
skills and functioning, anxiety and academic achievement among Emory University
students and faculty members.

Participation is completely voluntary and anonymous. You are not eligible to be in
this study if you have ever received a diagnosis of an autism spectrum disorder
(including Autistic Disorder, Asperger Syndrome, PDD-NOS, ASD) or any other
major psychiatric condition (such as Schizophrenia, Bipolar Disorder, Depressive
Disorder, Anxiety Disorder, OCD, PTSD). If you decide to participate you will be
asked to complete 4 short online questionnaires (approximate completion time: 5-7
minutes) located in the study’s website. After completing the questionnaires you will
receive feedback based on your responses.

In case you have any questions about the study, please contact me via e-mail at
loizos.nikolaou@emory.edu. If you have chosen to participate, please follow the link
below:

https://redcap.emory.edu/surveys/?s=H74TJW3C7T

Thank you very much.

Sincerely,

Loizos Nikolaou


https://redcap.emory.edu/surveys/?s=H74TJW3C7T
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Appendix F

Emory University
Consent to be a Research Subject

Title: Exploring the Link between Autistic Traits, Social Functioning, Anxiety and
Academic Achievement among Emory University Students and Faculty Members

Principal Investigator: Loizos Nikolaou, BSW, MSc, MPHc, Graduate student,
Department of Behavioral Sciences and Health Education, Rollins School of Public
Health, Emory University

Funding Source: Self-funded

Introduction

You are being asked to be in a research study. This form is designed to tell you
everything you need to think about before you decide to consent (agree) to be in the
study or not to be in the study. It is entirely your choice. If you decide to take part,
you can change your mind later on and withdraw from the research study.

Before making your decision:

e Please carefully read this form or have it read to you

e Please ask questions about anything that is not clear
You can take a copy of this consent form, to keep. Feel free to take your time
thinking about whether you would like to participate. By signing this form you will
not give up any legal rights.

Study Overview

The purpose of this study is to explore the link between social skills and functioning,
anxiety and academic achievement among Emory University students and faculty
members. Approximately 1000 individuals will participate in this research study.

Procedures
You would be asked to complete 4 short online questionnaires (approximate
completion time: 5-7 minutes) located in the study’s website.

Risks and Discomforts

There is a risk that involves the loss of privacy because of the use of the internet.
This risk will be minimized with the use of a secure web-based application.

Benefits
After completing the questionnaires you will receive feedback based on your
responses. This study is designed to learn more about the psychosocial
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characteristics of academically successful individuals. The study results may be used
by Emory University to help others in the future.

Compensation
You will not be offered payment for being in this study.

Confidentiality

Certain offices and people other than the researchers may look at study records.
Government agencies and Emory employees overseeing proper study conduct may
look at your study records. These offices include the funder(s), the Emory
Institutional Review Board, the Emory Office of Research Compliance. Emory will
keep any research records we create private to the extent we are required to do so
by law. A study number rather than your name will be used on study records
wherever possible. Your name and other facts that might point to you will not
appear when we present this study or publish its results. Study records can be
opened by court order. They may also be produced in response to a subpoena or a
request for production of documents.

Voluntary Participation and Withdrawal from the Study
You have the right to leave a study at any time without penalty. You may refuse to

do any procedures you do not feel comfortable with, or answer any questions that
you do not wish to answer.

Contact Information
Contact Loizos Nikolaou at 6787707180:
e if you have any questions about this study or your part in it, or

e if you have questions, concerns or complaints about the research
Contact the Emory Institutional Review Board at 404-712-0720 or 877-503-9797 or
irb@emory.edu:

e if you have questions about your rights as a research participant.

e if you have questions, concerns or complaints about the research.

e You may also let the IRB know about your experience as a research participant
through our Research Participant Survey at
http://www.surveymonkey.com/s/6ZDMW?75.

By clicking “I agree” below you are indicating that you have read and understood this
consent form and agree to participate in this research study. Please print a copy of
this page for your records.

| Agree | Do Not
Agree


mailto:irb@emory.edu
http://www.surveymonkey.com/s/6ZDMW75
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Appendix G

YOUR RESULTS

Autism-Spectrum Quotient (AQ-10): X points
Social Functioning Questionnaire (SFQ): Y points
Generalized Anxiety Disorder Scale (GAD-7): Z points

HOW TO INTERPRET YOUR RESULTS*

The AQ-10 provides an assessment of autistic traits. A score of 6 or more indicates
clinically significant levels of autistic traits.

The SFQ provides an assessment of social functioning. A score of 10 or more
indicates poor social functioning.

The GAD-7 is an anxiety measure. Further evaluation is recommended when the
score is 10 or greater.

RECOMMENDATIONS

If your scores are lower than the above cut-off points in all 3 scales, no further action
is required.

If you scored at or above the cut-off score for any or all of the above screening scales,
we advise you to consult your family physician, or Emory University’s Student
Health and Counseling Services or the Faculty Staff Assistance Program for more
information and a more detailed screening or diagnostic assessment. You may want to
print this page to bring with you.

CONTACT INFORMATION

Student Health and Counseling Services Faculty Staff Assistance Program
1762 Clifton Rd., Suite 1100

Student Health Services tel: 404-727-4328

1525 Clifton Road (1% & 2" floors) www.fsap.emory.edu

tel: 404-727-7551
www.studenthealth.emory.edu/hs

Counseling and Psychological Services
1462 Clifton Road, Suite 235

tel: 404-727-7450
www.studenthealth.emory.edu/cs

* Please note, these scales are screening tools and are not designed to provide
diagnosis.


http://www.studenthealth.emory.edu/hs
http://www.studenthealth.emory.edu/cs
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Table 1

Descriptive analysis of the sample’s socio-demographic characteristics

Age
Hispanic/Latino
Race
White
Black/African
Indian/Alaskan
Hawaiian/Pacific
Asian
More than one
Unknown/NR
Status
Undergraduate
Graduate
Faculty
School
Theology
College of A&S
Goizueta
Laney

Nursing

Females

(n=367)

26.7 (8.14)

6.3% (32)

50.6% (256)
7.5% (38)
0.2% (1)
0.2% (1)
9.3% (47)
3.4% (17)

1.4% (7)

12.1% (61)
54% (273)

6.5% (33)

0.2% (1)
1.0% (5)
3.0% (15)
19.2% (97)

0.6% (3)

Males

(n=139)

30.1 (11.4)

2.0% (10)

17.8% (90)
1.4% (7)
0.2% (1)
5.3% (27)
1.6 % (8)

1.2% (6)

3.6% (18)
18.6% (94)

5.3% (27)

0.2% (1)
1.0% (5)
4.2% (21)
7.3% (37)

Total

(n=506)

27.9 (9.34)

8.3% (42)

68.4% (346)
8.9% (45)
0.4% (2)
0.2% (1)
14.6% (74)
4.9% (25)

2.6% (13)

15.6% (79)
72.5% (367)

11.9% (60)

0.4% (2)
2.0% (10)
7.1% (36)
26.5% (134)

0.6% (3)
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Public Health

Law

Medicine
Degree

Bachelors

Masters

MD/JD

Doctorate
Field

Hard Science

Social Science

Humanities
Parent(s) in Hard Sc.

Yes

No

Unknown
Which parent?

Father

Mother

Both

12.3% (62)
26.7% (135)
7.1% (36)

2.6% (13)

13.2% (65)
28.5% (141)
8.3% (41)

21.9% (108)

30.2% (153)
32.4% (164)

9.9% (50)

36.4% (184)
35.8% (181)

0.4% (2)

41.9% (101)
10.4% (25)

24.1% (58)

3.0% (15)
5.7% (29)
4.0% (20)

2.2% (11)

4.7% (23)
8.9% (44)
5.1% (25)

9.5% (47)

9.7% (49)
13.4% (68)

4.3% (22)

11.3% (57)
15.8% (80)

0.4% (2)

12.9% (31)
4.1% (10)

6.6% (16)

15.2% (77)
32.4% (164)
11.1% (56)

4.7% (24)

17.8% (88)
37.4% (185)
13.4% (66)

31.4% (155)

39.9% (202)
45.8% (232)

14.2% (72)

47.6% (241)
51.6% (261)

0.8% (4)

54.8% (132)
14.5% (35)

30.7% (74)

48

Note: Mean (sd) is presented unless specifically states percentage (n).



Table 2

Descriptive analysis of the sample’s behavioral characteristics

Females Males Total
(n=346) (n=130) (n=476)
Autistic traits 2.78 (1.84) 3.30(1.98) 2.92 (1.89)
Females Males Total
(n=342) (n=127) (n=469)
Social functioning  6.26 (2.84) 6.39 (3.09) 6.29 (2.90)
Females Males Total
(n=340) (n=126) (n=466)
Anxiety 4.90 (4.08) 4.34 (4.40) 4.75 (4.17)
Note: Mean (sd) is presented.
Table 3
Independent-samples T-test of autistic traits by gender
Females Males T-test
Mean (sd) Mean (sd)
Aultistic traits 2.78 (1.84) 3.30 (1.98) 2.68*

* p=.008, N=476
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Table 4

Independent-samples T-test of autistic traits by field of study (hard vs. other)

Hard science Other fields T-test
Mean (sd) Mean (sd)
Autistic traits 3.25 (2.05) 2.70 (1.75) 3.03*
* p=.003, N=476
Table 5

Analysis of variance of autistic traits by field of study

Sourse df SS MS F p
Between groups 2 34.530 17.265 4.891 .008
Within groups 473 1669.594 3.530

Total 475 1704.124

Note: N=476

Table 6

Independent-samples T-test of autistic traits by field of study (hard vs. humanities)

Hard science Humanities T-test
Mean (sd) Mean (sd)
Aultistic traits 3.25 (2.05) 2.68 (1.68) 2.04*

* p=.043, N=255
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Table 7

Independent-samples T-test of autistic traits by parental occupation (one or both
parents in scientific occupation vs. non-scientists)

Parents scientists Parents non-scientists T-test
Mean (sd) Mean (sd)
Autistic traits 2.97 (1.87) 2.89 (1.92) 50*
* p=.618, N=472
Table 8

Independent-samples T-test of autistic traits by parental occupation (both parents in
scientific occupation vs. one)

Both parents scientists One parent scientist  T-test
Mean (sd) Mean (sd)
Autistic traits 3.68 (1.85) 2.65 (1.80) -3.94*

* p<.001, N=226

Table 9

Analysis of variance of autistic traits by parental occupation

Sourse df SS MS F p
Between groups 2 52.268 26.134 7.901 .000
Within groups 223 737573  3.308

Total 225 789.841

Note: N=226
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Table 10

Independent-samples T-test of autistic traits by parental occupation (both parents in
scientific occupation vs. mother)

Both parents scientists Mother scientist T-test
Mean (sd) Mean (sd)
Autistic traits 3.68 (1.85) 2.82 (1.83) -2.209*
* p=.029, N=104
Table 11

Simple linear regression analysis summary for autistic traits predicting social
functioning

Variable B SE(B) B t Sig. (p)
Autistic traits 450 .067 .296 6.685 .000
Note: R°=.087

Table 12

Simple linear regression analysis summary for autistic traits predicting anxiety

Variable B SE(B) B t Sig. (p)

Autistic traits .562 .098 .256 5.709 .000

Note: R?=.066



Table 13

Analysis of variance of autistic traits by affiliation status

53

Sourse df SS MS F p
Between groups 2 51.520 25.760 7.373 .001
Within groups 473 1652.604 3.494

Total 475 1704.124

Note: N=476

Table 14

Analysis of variance of autistic traits by level of education

Sourse df SS MS F p
Between groups 3 20.234 6.745 1.924 125
Within groups 461 1616.390 3.506

Total 464 1636.624

Note: N=465

Table 15

Independent-samples T-test of autistic traits by level of education (bachelor vs.
master)

Bachelor Master T-test
Mean (sd) Mean (sd)
Aultistic traits 3.32 (1.88) 2.72 (1.85) 2.408*

*p=.017, N=255
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Table 16

Simple linear regression analysis summary for age predicting autistic traits

Variable B SE(B) B t Sig. (p)
Age -.023 .009 -.115 -2.526 012
Note: R?=.013

Table 17

Analysis of variance of autistic traits by race

Sourse df SS MS F p
Between groups 4 81.286 20.322 5.892 .000
Within groups 468 1614.270 3.449

Total 472 1695.556

Note: N=473



55

Table 18

Multiple linear regression analysis summary for socio-demographic and behavioral
factors predicting autistic traits

Variable B SE(B) B t Sig. (p)
Age -.010 .010 -.047 -.978 329
Gender -.519 .200 -.119 -2.592 .010
Scientific field -.500 77 -.128 -2.821 .005
Social functioning .116 .037 A77 3.103 .002
Anxiety .063 .026 139 2.460 .014
Race 834 243 157 3.428 .001

Note: R?=.165
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