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In recent years, the field of autism research has progressed 
significantly, with an incredible push for early identifica-
tion, clinical and behavioral characterization, and access to 
early intervention (Bacon et al., 2017; Bacon et al., 2014; 
Chlebowski, Robins, Barton, & Fein, 2013; Dawson, 
2008; Pierce et al., 2016; Pierce, Carter, et al., 2011; 
Robins et al., 2014; Wetherby, Brosnan-Maddox, Peace, & 
Newton, 2008; Zwaigenbaum et al., 2015). However, 
information regarding how early-age autism spectrum dis-
order (ASD) symptoms and cognitive skills predict long-
term outcomes is severely lacking (Bradshaw, Steiner, 
Gengoux, & Koegel, 2015). One longitudinal study found 
that lower IQ scores at age 2 predicted intellectual disabil-
ity at age 19 years (Anderson, Liang, & Lord, 2014); how-
ever, average to above average IQ cases proved much 
harder to determine, especially differentiating high-func-
tioning cases of autism from those who went on to no 
longer meet criteria for ASD. Many studies have focused 
on short-term outcomes (1–2 years following identifica-
tion); however, results are mixed, and the ability to predict 
response to treatment remains limited (Warren et al., 
2011). Furthermore, there is conflicting evidence about a 

wide range of hypothesized early behavioral predictors. 
For example, some literature has found early cognitive, 
language, adaptive behavior, age at treatment start, or 
lower levels of autism-related symptoms predict better 
short-term outcomes, but there is opposing literature for 
each domain that fails to find the same relationship (see 
Magiati, Tay, & Howlin, 2012, for review). One reason 
research in this area has proven difficult is that ASD 
encompasses a heterogeneous mix of children who have a 
variety of symptom presentations, responses to interven-
tion, and outcomes (Bacon et al., 2014; Howlin, Magiati, 
& Charman, 2009). Some children will go on to be acutely 
impacted by their ASD (i.e. may remain nonverbal, experi-
ence difficulty participating in mainstream public school-
ing, and living independently), while others may participate 
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Abstract
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in mainstream classrooms and progress to independence in 
adulthood, although they may continue to struggle with 
nuanced social interactions. In sum, prognostic indicators 
at very early ages are needed not only to help inform par-
ents of the expected trajectory of their child, but also to 
inform future research on how to individualize treatment.

Although early clinical and psychometric profiles have 
not been identified that clearly and consistently predict 
long-term outcomes, some bio-behavioral markers provide 
a promising avenue to objectively identify subtypes of 
ASD. Eye-tracking technology is one such promising 
marker for ASD as it is rapid, noninvasive, inexpensive, 
easy to administer and interpret, and can be used with a 
child of any age and any communication level (Loth et al., 
2017). Eye-tracking tasks examining social attention have 
identified differences in social attention in children with 
ASD and have been shown to be associated with clinical 
tests of social and communication skills demonstrating 
clinical applicability (Klin, Jones, Schultz, Volkmar, & 
Cohen, 2002; Moore et al., 2018; Murias et al., 2018; 
Pierce, Conant, Hazin, Stoner, & Desmond, 2011; Pierce 
et al., 2016), and may possibly be under genetic influence 
(Constantino et al., 2017). Eye-tracking has also demon-
strated utility in predicting short-term outcomes in tod-
dlers with ASD. For example, better visual search accuracy 
during an eye-tracking task performed in infancy has been 
associated with increased autism symptoms in baby sib-
lings at 15 and 24 months of age (Gliga, Bedford, Charman, 
Johnson, & Team, 2015). Another study has demonstrated 
that infants who went on to receive a diagnosis of ASD at 
age 3 years were less likely to attend to synchronized audi-
ovisual stimuli than typically developing children (Falck-
Ytter, Nystrom, Gredeback, Gliga, & Bolte, 2018).

A core early-age symptom of ASD is dysregulation of 
social orienting and attention. Clinically, some infants with 
ASD seem to prefer nonsocial stimuli to social (Pierce 
et al., 2016; Pierce, Conant, et al., 2011). In two of the larg-
est eye-tracking studies in infants, an eye-tracking para-
digm called the GeoPref Test has shown robust capabilities 
in identifying visual preferences unique to toddlers with 
ASD (Pierce et al., 2016; Pierce, Conant, et al., 2011). A 
key feature of this computer screen-based test is that tod-
dlers are shown competing colorful images of dynamic 
nonsocial geometric patterns and dynamic social episodes 
of children dancing. A total of 20%–40% of toddlers with 
ASD show a pronounced preference for viewing the geo-
metric nonsocial images (>69% of the time viewing geo-
metric images), while the remaining toddlers with ASD 
show a preference for the social images similar to typical 
toddlers. Furthermore, this visual preference for nonsocial, 
geometric images in a subset of children with ASD is highly 
specific to children with the disorder (specificity = 98%) 
and is virtually absent in typically developing children or 
children with other developmental delays. In addition, tod-
dlers with ASD who prefer geometric images (>69% of  

the time viewing geometric images) are more likely to have 
greater ASD symptom severity, a lower IQ, and lower 
adaptive functioning skills than toddlers with ASD who 
prefer the social images (>69% of the time viewing social 
images). This suggests that some eye-tracking paradigms 
may have the power to identify clinically important  
subgroups of ASD when used at very early ages (Pierce 
et al., 2016).

A general lack of attention to the social environment 
could have detrimental effects on the acquisition of  
fundamental social skills, such as joint social attention, 
that revolve around orienting to social interactions. 
Development of joint attention skills in children with 
ASD is of particular interest given the positive association 
with later language acquisition and social skills (Kasari, 
Gulsrud, Freeman, Paparella, & Hellemann, 2012; Kasari, 
Paparella, Freeman, & Jahromi, 2008; Paul, Campbell, 
Gilbert, & Tsiouri, 2013). In typical infant development, 
early age joint social attention is theorized to be a founda-
tional skill to understanding and sharing communication 
and social experiences with others. Joint social attention 
also allows for preverbal communication by providing a 
social partner information about your interests (Paparella 
& Freeman, 2015). In fact, infants at high risk for devel-
oping ASD (i.e. infants with an older sibling diagnosed 
with ASD) show a reduced number of gaze alterations in 
comparison with children at a low risk for ASD (i.e. no 
older siblings with an ASD diagnosis). Therefore, we 
believe that eye-tracking paradigms that measure nonso-
cial and social orienting and attention may have huge 
potential in ASD clinical prognostic assessment. Such 
paradigms may tap into basic social attention deficits that 
are observable at very early ages, and may point to a cas-
cading effect in difficultly acquiring high-level social 
skills. The ability of such eye-tracking tasks to measure 
social and communication difficulties taps into skills cen-
tral to success in life, including creating relationships with 
others and landing and maintaining a job.

Currently, there is a lack of evidence regarding the 
potential utility of eye-tracking as a prognostic tool for 
long-term outcomes in children with ASD. One of the 
greatest challenges in the ASD field is to address the het-
erogeneous responses to treatment and move toward pro-
viding effective individualized treatments to optimize 
outcomes for all children. Elucidating predictors of long-
term response to treatment would give researchers a start-
ing point for development of novel treatments targeting 
children least likely to respond to the currently available 
interventions. The GeoPref Test has already demonstrated 
potential as a robust marker for identifying and subgroup-
ing clinical phenotypes of toddlers with ASD (Pierce et al., 
2016). This study provides preliminary evidence regarding 
the utility of the GeoPref Test for predicting long-term out-
comes in school-age children. Given the differences estab-
lished in toddlers who participated in the GeoPref Test, we 
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expected later age clinical outcome differences between 
toddlers with ASD with versus without a pronounced non-
social preference. Experience-dependent mechanisms 
shape early development (Benasich, Choudhury, Realpe-
Bonilla, & Roesler, 2014; Butz, Worgotter, & van Ooyen, 
2009; Guerreiro, Putzar, & Roder, 2016), and those tod-
dlers who do not focus on the appropriate social aspects of 
their environment will likely continue to have a difficult 
time during interactions which may, in turn, affect their 
learning and social skills. In this study, children were sub-
grouped based on performance on the GeoPref Test as tod-
dlers and, then their clinical and cognitive outcomes at 
school age were examined. Performance on the Autism 
Diagnostic Observation Schedule (ADOS) was used as a 
measure of social functioning and core ASD symptoms at 
older ages, and an eye-tracking joint attention task was 
used to measure social stimuli-based eye gaze shifting. The 
Social Responsiveness Scale was used to measure general 
social and behavioral functioning and outcomes in cogni-
tive and adaptive behavior domains were also measured.

Methods

Participants

Participants from previous early identification studies 
were contacted for an additional evaluation to assess 
long-term outcomes. For this study, children previously 
identified with ASD at our Center who also participated 
in the GeoPref Test were recruited. Toddlers aged 
1–3 years from the Pierce et al.’s (2016) sample were 
recruited at ages 6–12 years for this study. All potential 
participants were notified of the study by mail and were 
called at random to offer participation in this study. In 
previous studies of the GeoPref Test, subgroups of ASD 
have been identified using the 69% cutoff (Pierce et al., 
2016; Pierce, Conant, et al., 2011), with toddlers who 
show a preference for geometric images for 69% of view-
ing time or greater going on to have a diagnosis of ASD 
approximately 98% of the time. It has also been demon-
strated that children who show this extreme preference 
for geometric images (>69% viewing time for geometric 
images) show more impairment in language, adaptive, 
and autism-related symptoms in comparison with chil-
dren who show an extreme preference for social images 
(>69% viewing time for social images). The current 
sample consisted of n = 22 children with extreme social 
preference (>69% total looking time toward social 
images), n = 14 with extreme geometric preference 
(>69% time looking at geometric images), and n = 13 
with GeoPref scores falling in the middle (see Table 1). 
All procedures were approved through the University’s 
Human Research Protections Program.

Children were originally recruited from the general popu-
lation by using the 1-Year Well-Baby Check-Up Approach 
(Pierce, Carter, et al., 2011) and by community referral at ages 

1–3 years. Using this method, we partnered with pediatricians 
to perform standardized developmental screening as standard 
of care by having parents complete the Communication and 
Symbolic Behavior Scales Developmental Profile Infant–
Toddler Checklist (Wetherby et al., 2008) at well-baby visits 
starting at the age of 12 months. Pediatricians then had the 
option to refer any child who was showing delays to our 
center for a full developmental evaluation. At our center, tod-
dlers participated in a battery of assessments to assess for 
delays including autism through a series of measures includ-
ing a developmental assessment—Mullen Scales of Early 
Learning (Mullen, 1995), a diagnostic assessment for behav-
iors associated with autism spectrum disorder—ADOS 
(Lord, Rutter, DiLavore, & Risi, 2002; Lord et al., 2012), and 
a standardized parent interview about adaptive skills at 
home—Vineland Adaptive Behavior Scales (Sparrow, 
Cicchetti, & Balla, 2005). In addition to the standardized 
assessments, toddlers also participated in an experimental 
eye-tracking task to assess social attention, the GeoPref Test, 
a brief 1-minute assessment of visual preference. Based on 
overall diagnostic and psychometric performance during the 
evaluation, children were referred for appropriate services, if 
necessary. Children were also followed longitudinally every 
9–12 months until age 3 to track development and to confirm 
diagnoses at age 3.

Behavioral measures

A broad battery of assessments was completed to assess 
current functioning across domains of cognitive skills, 
social communication, adaptive skills, and eye tracking 
(see descriptions below).

Autism Diagnostic Observation Schedule, Second Edition. The 
Autism Diagnostic Observation Schedule, Second Edition 
(ADOS-2; Lord et al., 2012) is a semi-structured assess-
ment used to measure behavioral features of ASD. The 
appropriate module of the ADOS (i.e. Toddler, 1, 2, or 3) 
was used as a tool to help inform the clinician’s overall 
diagnostic judgment. All psychologists were research reli-
able on administering the ADOS.

Wechsler Intelligence Scales for Children, Fifth Edition. The 
Wechsler Intelligence Scale for Children (WISC-V; 
Wechsler, 2014) assesses cognitive functioning of chil-
dren, including verbal comprehension, visual spatial skills, 
working memory, fluid reasoning, and processing speed, 
to produce an overall composite score.

Vineland Adaptive Behavior Scales, Second Edition. The 
Vineland Adaptive Behavior Scales, Second Edition 
(VABS-II; Sparrow et al., 2005) is a measure of adaptive 
skills through caregiver report and provides standardized 
scores for communication, daily living skills, socializa-
tion, and motor skills.
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Social Responsiveness Scale, Second Edition. The Social 
Responsiveness Scale, Second Edition (SRS-2; Constan-
tino, 2012) is a parent rating scale of the severity of social 
impairments across five domains, such as receptive, cogni-
tive, expressive, motivation, and preoccupations.

Treatment survey. Parents completed a survey regarding 
past and current treatment received including autism-
focused services commonly referred to as interventions 
based on applied behavior analysis (ABA), as well as other 
developmental services such as speech therapy, occupa-
tional therapy, and complementary therapies.

Eye-tracking tasks

During the eye-tracking battery, children were seated in 
front of a computer screen to view short videos. A Tobii 

120 eye-tracker set at 60 Hz was used with children 
seated at a 60 cm distance from a 17″ thin film transistor 
monitor. Five-point calibration was performed with 
Tobii Studio software using an animated image with 
sound presented at known X–Y coordinates. Eye-
tracking data were collected only if the calibration result 
fell within the parameters reported by the manufacturer 
to yield an accuracy of 0.5°.

GeoPref eye-tracking test. The Geometric Preference Test is 
an eye-tracking paradigm that analyzes visual stimuli pref-
erences (Pierce et al., 2016; Pierce, Conant, et al., 2011). 
During the eye-tracking task, two dynamic images were 
presented side-by-side for a total of 60 s. One side featured 
a social stimulus, with scenes of children engaging in aero-
bics and dancing whereas the other side featured a 

Table 1. Demographics and clinical profile on standardized assessments at intake.

ASD extreme 
GeoPref (n = 14)

ASD middle 
preference (n = 13)

ASD extreme social 
preference (n = 22)

Age in months 26.2 (8.1) 24.1 (10.0) 23.2 (8.6)
Sex
 Male 12 10 17
 Female 2 3 5
Ethnicity
 Hispanic or Latino 6 4 8
 Not Hispanic or Latino 7 8 13
 Not reported 1 1 1
Race
 American Indian/Alaska Native 0 0 0
 Asian 0 1 2
 Black/African American 0 0 0
 Caucasian 8 9 14
 Pacific Islander/Native Hawaiian 0 0 0
 Multiple races reported 3 1 3
 Not reported 3 2 3
Mullen T scores
 Visual reception 35.7 (12.2) 43.5 (10.1) 42.0 (11.4)
 Fine motor 34.5 (15.1) 42.1 (13.0) 41.3 (11.5)
 Receptive language 26.1 (8.6) 31.8 (11.7) 32.5 (11.4)
 Expressive language 26.6 (11.7) 31.5 (11.4) 32.3 (13.1)
 Early learning composite 65.9 (16.1) 79.5 (20.2) 77.4 (17.3)
Vineland Standard Scores
 Communication 80.5 (13.2) 75.8 (15.0) 78.7 (15.1)
 Daily living skills 86.2 (12.5) 84.2 (10.9) 85.6 (8.4)
 Socialization 83.4 (13.4) 81.8 (10.3) 84.6 (7.9)
 Motor skills 94.3 (13.2) 89.3 (8.6) 92.6 (9.7)
 Overall composite 83.8 (12.6) 80.0 (10.7) 82.6 (8.7)
ADOS Algorithm Scores
 Social communication 15.2 (3.2) 13.5 (3.4) 12.3 (5.2)
 Restricted and Repetitive Behavior 4.2 (2.0) 3.4 (2.7) 3.7 (2.5)

ASD: autism spectrum disorder; ADOS: Autism Diagnostic Observation Schedule.
Participants are subgrouped based on performance on the GeoPref Test at intake. Extreme geo preference is defined as viewing geometric images 
for ⩾69% of the time, middle preference is defined as viewing geometric images 32%–68% of the time, and extreme social preference is defined as 
viewing social images ⩾69% of the time. Means and standard deviations are listed.
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nonsocial stimulus, with a series of short sequences of 
moving geometric shapes (see Figure 1 for sample images). 
The percentage of time spent looking at social or nonsocial 
stimuli at initial evaluations was compared across diagnos-
tic groups. Previous research has demonstrated that the 
Geometric Preference Test has high specificity for ASD 
and identifies a potentially unique phenotype characterized 
by a strong preference to visually examine nonsocial, mov-
ing geometric stimuli rather than social stimuli (Pierce 
et al., 2016; Pierce, Conant, et al., 2011).

Joint attention eye-tracking task. The joint attention test ana-
lyzes gaze shifts during a short 2–min video of an actress 
directly conversing with the child and showing them differ-
ent toys and objects. Throughout the video, the actress 
overtly directs the child’s attention to an object by shifting 
her gaze, pointing to it, and directing the child to look toward 
it. Four main segments of the video that contained pointing 
gestures were analyzed for gaze shifts (see Figure 2). Areas 
of interests (AOIs) were created for the actress’ face and each 
object through the video to examine shifts in gaze between 
the face and the object to capture joint attention. Fixations 
were classified based on gaze data averaged from both eyes 
using a velocity threshold Tobii Fixation Filter set to 35 

pixels/window, which interpolates to fill in data loss of less 
than 100 ms. Duration of each fixation within each AOI was 
calculated for every subject, and then data were examined to 
count shifts in gaze between the face AOI and object AOI, 
providing a total number of gaze shifts for the entire video. 
Fixations on the face or object were only included if they 
lasted for 83.3 ms or longer to reduce potential for inaccu-
racy. Subjects with excessive missing data (i.e. <60 s of 
data) were excluded, in order to avoid potentially inaccurate 
lower measurement of gaze shifts.

Data analysis

Correlations between performance on the GeoPref Test at 
intake (mean age = 23 months) and clinical scores on the 
ADOS-2, WISC-V, VABS-II, and SRS-2 at school age 
(mean age = 8 years) were performed to explore relation-
ships between GeoPref performance and long-term out-
comes. Follow-up linear regressions were performed for 
significant correlations to evaluate the potential prognostic 
utility of the GeoPref scores at young ages. Age at intake 
and amount of autism-focused services received (e.g. aver-
age number of hours of autism-focused therapy or ABA-
based therapy) were included in the model. These factors 

Figure 1. Example of the GeoPref Test stimuli. A subset of toddlers with ASD prefer the geometric images and show more 
impairment in developmental, adaptive, and social skills at young ages as compared with toddlers with ASD who prefer the social 
images (Pierce et al., 2016; Pierce, Conant, et al., 2011).
Source: Image adapted with permission from Pierce et al. (2011).
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were included given they are routinely studied in the litera-
ture as potential factors that may affect outcomes (Magiati 
et al., 2012; Makrygianni & Reed, 2010; Reichow & 
Wolery, 2009). Correlations between performance on the 
GeoPref Test at young ages and gaze shifts during the joint 
attention eye-tracking task at school age were also per-
formed to explore relationships between eye-tracking per-
formance at different ages.

Results

Diagnostic status

At school age, four children no longer met criteria for ASD, 
although two of the four continued to demonstrate features 
associated with ASD, but did not demonstrate all criteria 
needed for a diagnosis. Clinical scores at school age for 
children with an early extreme preference for geometric 
images, extreme preference for social images, and those in 
the middle are presented in Table 2. Scores are also pre-
sented for children who continued to have an ASD diagno-
sis (categorized at “ASD Persistent”) and those who no 
longer fully met criteria (categorized as “Previous ASD”).

Treatment participation

Parents reported a wide variety of services received at var-
ying levels of intensity. A simplistic value of average num-
ber of ABA-based therapy received per week based on 
retrospective parent report was calculated. While this 
value does not capture all the nuances of treatment 
received, it provided a basic quantifiable means to esti-
mate the intensity of treatment received by each child. On 
average, children received 9.6 h of ABA-based therapy a 
week ranging from 0 to 26 h a week. There were no signifi-
cant differences in amount of treatment received for chil-
dren that demonstrated a preference for geometric images 
versus social images.

Clinical scores

When examining clinical results of the 45 children who 
continued to have a diagnosis of ASD, GeoPref scores at 
young ages were most closely associated with scores on 
the ADOS at school age, with a higher score on the 
ADOS indicating more impairment. Shapiro–Wilk test 
of normality indicated the GeoPref data at toddler age 

Figure 2. Examples of gaze shifting trials during the “Joint Attention” eye-tracking task. Panels (a)–(d) depict various scenes 
where the actress directs the child’s attention to an object within the scene. Shifts in gaze between the actress’ face and object are 
recorded.
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Table 2. Demographics and clinical profile on standardized assessment at school age.

ASD Extreme 
GeoPref (n = 14)

ASD middle 
preference (n = 13)

ASD extreme social 
preference (n = 22)

ASD persistent 
(n = 45)

Previous 
ASD (n = 4)

Age in years 7.5 (1.4) 8.4 (1.9) 8.3 (1.3) 8.1 (1.6) 8.0 (0.8)
Sex
 Male 12 10 17 36 3
 Female 2 3 5 9 1
Ethnicity
 Hispanic or Latino 6 4 8 17 1
 Not Hispanic or Latino 7 8 13 25 3
 Not reported 1 1 1 3 0
Race
  American Indian/Alaska 

Native
0 0 0 0 0

 Asian 0 1 2 3 0
 Black/African American 0 0 0 0 0
 Caucasian 8 9 14 28 3
  Pacific Islander/Native 

Hawaiian
0 0 0 0 0

 Multiple races reported 3 1 3 7 0
 Not reported 3 2 3 7 1
WISC Composite Scores
 Verbal comprehension 81.2 (24.9) 91.8 (23.6) 89.6 (27.4) 87.4 (25.1) 101.0 (11.8)
 Visual spatial 90.1 (22.4) 92.1 (29.4) 92.1 (25.0) 92.4 (24.0) 109.0 (14.6)
 Fluid reasoning 84.6 (24.2) 93.8 (23.7) 85.3 (25.9) 87.0 (25.0) 106.5 (18.4)
 Working memory 81.1 (21.8) 89.5 (23.6) 87.9 (26.6) 86.2 (24.1) 108.6 (16.6)
 Processing speed 70.1 (19.7) 81.6 (29.4) 79.5 (21.4) 77.3 (23.5) 93.5 (3.8)
 Full scale 77.8 (22.3) 88.4 (26.3) 85.0 (26.8) 83.8 (24.7) 101.0 (15.0)
Vineland Standard Scores
 Communication 75.0 (22.7) 77.1 (26.2) 81.0 (15.6) 77.8 (21.4) 91.5 (17.7)
 Daily living skills 74.1 (23.9) 77.6 (15.2) 75.7 (13.1) 76.1 (17.8) 82.3 (9.6)
 Socialization 75.4 (18.7) 74.2 (11.9) 75.2 (16.0) 75.0 (15.0) 83.5 (20.9)
 Motor skills 81.3 (19.8) 82.8 (18.6) 81.0 (14.5) 81.9 (16.0) 91.0 (27.4)
 Overall composite 74.9 (20.3) 76.0 (13.4) 75.8 (13.1) 75.7 (15.5) 84.0 (14.0)
ADOS Algorithm Scores
 Social communication 11.8 (5.7) 10.7 (3.7) 9.5 (4.7) 11.3 (4.1) 3.0 (2.6)
  Restricted and repetitive 

behavior
4.1 (2.3) 3.9 (2.6) 3.2 (2.3) 3.7 (2.2) 0.5 (0.6)

Social Responsiveness Scale
  Social communication and 

interaction
65.7 (18.0) 72.4 (9.5) 70.5 (17.6) 71.7 (14.8) 47.0 (8.2)

  Restricted and repetitive 
behavior

65.0 (18.8) 74.8 (12.4) 71.52 (14.8) 72.0 (15.1) 53.0 (10.5)

 Treatment history
  Average weekly hours of 

ABA-based therapy
9.0 (5.9) 7.7 (4.3) 11.1 (4.3) 9.4 (5.4) 11.4 (9.6)

ASD: autism spectrum disorder; WISC: Wechsler Intelligence Scale for Children; ADOS: Autism Diagnostic Observation Schedule; ABA: applied 
behavior analysis.
Participants are subgrouped based on performance on the GeoPref Test at intake. Extreme geo preference is defined as viewing geometric images 
for ⩾69% of the time, middle preference is defined as viewing geometric images 32%–68% of the time, and extreme social preference is defined as 
viewing social images ⩾69% of the time. Clinical information is also presented subgrouping children on whether they continued to meet criteria for 
ASD (ASD Persistent) or whether they no longer met criteria for ASD at school age (Previous ASD). Means and standard deviations are listed.

were not normally distributed (p = 0.001) and, therefore, 
a nonparametric test was used. A Spearman’s correlation 
revealed a significant positive correlation (rs = 0.427, 
p = 0.003), with children who spent more time looking at 

geometric images at young ages, showing more impair-
ment on the ADOS at school age (Figure 3). Furthermore, 
a linear regression was performed to predict ADOS total 
scores at school age (mean age = 8 years) based on initial 
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GeoPref scores (mean age = 23 months), age at intake, 
and average number of hours of autism-focused treat-
ment. A significant regression was found (F(3,41) = 3.81, 
p = 0.016), with an R2 of 0.221. GeoPref scores at intake 
were the only significant predictor in the model 
(β = 0.068, p = 0.012). The GeoPref Test at intake was 
not correlated with scores on the WISC-V, VABS-II, or 
the SRS-2 at school age.

Eye tracking

GeoPref Test. Thirty-six subjects were included in the 
analysis. Subjects were required to attend to >50% of the 
video to be included in the analysis, and 11 subjects were 
excluded due to insufficient data. Two subjects were 
excluded due to technical difficulties. No other subjects 
were excluded. Of the 36 subjects, 19 originally demon-
strated a geo preference and 17 a social preference. There 
was not a significant correlation between GeoPref perfor-
mance as a toddler and performance at school age. Overall, 
children demonstrated a higher percent fixation duration 
for geometric images at older ages.

Joint attention task. Thirty-eight subjects were included in 
the analysis. Three subjects were excluded due to technical 
difficulties, and eight subjects did not attend to the video 
long enough to produce useable data. Of the 38 subjects, 
18 were originally classified with a geo preference, and 20 

were with a social preference. A Spearman’s correlation 
revealed a significant negative correlation (rs = –0.412, 
p = 0.010), with children who spent more time looking at 
geometric images at young ages, showing fewer shifts in 
gaze during the joint attention task performed at school 
age (see Figure 4).

Relationship between clinical scores and 
GeoPref scores

In order to broadly examine the relationship between 
GeoPref scores and ADOS total scores for all children, 
scores for all 49 participants, including those who no 
longer met criteria for ASD were examined. ADOS total 
scores and GeoPref scores at intake were correlated with 
ADOS total scores at school age. A Spearman’s correlation 
revealed a significant positive correlation between ADOS 
total scores at intake and at school age (rs = 0.367, 
p = 0.009). There was also a significant positive correlation 
between GeoPref scores at intake and ADOS total scores at 
school age (rs = 0.345, p = 0.015).

Discussion

In one of the first tests of the ability of early age eye track-
ing in ASD to predict long-term clinical outcome 5–9 years 
later, we find strong evidence that the GeoPref Test can 
predict later symptom severity and gaze shifting during 

Figure 3. Correlation between GeoPref scores at young ages (mean age = 23 months) and ADOS total scores at school age (mean 
age = 8 years).
Children with an extreme preference for geometric images are depicted in red, children with an extreme preference for social images are depicted 
in blue, and children in the mid-range are depicted in gray. Children who showed preference for geometric images at young ages had higher scores 
on the ADOS, indicating more impairment, at school age.
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joint attention. In contrast, eye-tracking results during the 
toddler period were not associated with later IQ or adap-
tive functioning. In our study, stronger nonsocial prefer-
ence scores were correlated with higher, more severe 
ADOS scores and reduced gaze shifting during the joint 
attention task at school age. These relationships comple-
ment our previous research on the GeoPref Test showing a 
relationship between GeoPref scores in infancy and short-
term outcomes at age 3, with toddlers who demonstrated a 
preference for nonsocial geometric images showing more 
impairment and higher ratings of ASD symptoms than tod-
dlers who preferred social images (Pierce et al., 2016). The 
fact that scores on the GeoPref Test—a simple 60 s social/
nonsocial preferential looking task—were correlated with 
symptom severity many years later, highlights the robust 
ASD symptom features that the GeoPref Test is capturing 
at very early ages. Furthermore, when comparing beta 
weights in a regression analysis, GeoPref scores at early 
age intake demonstrated a stronger relationship with later 
age ADOS symptoms than with age at first diagnosis and 
treatment start, or how much autism-focused treatment 
they received. In addition, the GeoPref Test was not cor-
related with scores on the WISC-V or the VABS-II sug-
gesting that the GeoPref Test captures information most 
relevant to core features of ASD rather than general cogni-
tive or adaptive functioning level.

However, the lack of differences found on the WISC-V 
could be driven by small sample size. On average, there 
was a 9-point difference in Full Scale IQ scores between 
children in the extreme GeoPref group and extreme Social 

Pref group. Therefore, within a larger sample, we may find 
the GeoPref Test provides some prognostic information 
regarding cognitive abilities as well. The GeoPref Test was 
also not correlated with the SRS-2 a measure of social 
functioning. It may not be surprising that a relationship 
was not found with the SRS-2, it is hypothesized the 
ADOS-2 is a more representative measure of ASD core 
symptoms. One limitation of the SRS-2 is the use of a sin-
gle form for all individuals of a large age range, in com-
parison with the ADOS-2 that utilizes different modules 
based on age, and language level. Other researchers have 
found that SRS-2 may exaggerate severity of symptoms in 
older children, children with lower language ability, and 
those with behavior problems. Therefore, the SRS-2 may 
not be capturing ASD-specific symptomatology, and appli-
cability of the measure may be diluted within a heteroge-
neous population (Hus, Bishop, Gotham, Huerta, & Lord, 
2013). Overall, the GeoPref Test seems to specifically 
measure the ASD-specific symptoms that are best captured 
using the gold standard diagnostic tool of the ADOS-2.

Four of the 49 children no longer continued to meet cri-
teria for ASD at school age. Two of the four children con-
tinued to demonstrate some symptoms associated with 
ASD but did not meet full criteria for a diagnosis. Within 
the literature, it has been reported that 3%–25% (Helt 
et al., 2008; Solomon et al., 2018) of children will no 
longer continue to meet criteria for the disorder at older 
ages. The exact percent to expect continues to be some-
what unclear as diagnostic criteria have changed, and vari-
ation in sample size and ascertainment across studies may 

Figure 4. Correlation between GeoPref scores at young ages (mean age = 23 months) and number of gaze shifts during a joint 
attention eye-tracking task at school age (mean age = 8 years).
Children with an extreme preference for geometric images are depicted in red, children with an extreme preference for social images are depicted 
in blue, and children in the mid-range are depicted in gray. Children who spent more time looking at geometric images at young ages, performed 
fewer gaze shifts at school age.
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affect estimates. Our rate of 8% of children no longer 
meeting criteria for ASD at older ages falls right in the 
mid-range of the expected number of cases. Within our 
sample, the four children who no longer met full criteria 
were equally as likely to show a preference for geometric 
or social images at a young age. These children may even 
represent a different etiology altogether, and the GeoPref 
Test may not work as well as a prognostic tool for this 
particular group of children with optimal outcomes.

Not surprisingly, performance on the GeoPref Test at 
toddler age was not correlated with performance on that 
same test an average of 6 years later at school age. The 
GeoPref Test was developed as an early biomarker test of 
autism and was specifically designed to capture the atten-
tion and interest of infants and toddlers and may capture 
attention differently in school age children. This is con-
sistent with previous findings that report that children 
tend to show an increased preference for the geometric 
images as they age (Pierce et al., 2016). Interestingly, 
performance on the GeoPref Test at toddler age was asso-
ciated with performance on a joint attention eye-tracking 
task at school age. The joint attention task provides an 
objective, quantitative rating of the child’s joint attention 
skills during a passive viewing task, which may provide 
an estimation of the child’s ability to engage in gaze 
shifting in social settings. The GeoPref and joint atten-
tion eye-tracking tasks appear to be measuring-related 
skills of social attention. Furthermore, performance is 
related even approximately 6 years later. Therefore, the 
GeoPref Test appears to be capturing a relevant and rela-
tively stable characteristic of dysregulated social atten-
tion that can help inform prognosis and later joint 
attention eye gaze. In addition, the correlation between 
ADOS total scores at intake and ADOS total scores at 
school age was compared with the correlation between 
GeoPref scores at intake and ADOS total scores at school 
age. As expected, there was a correlation between ADOS 
total scores at both time points. Scores on the GeoPref 
Test at intake were also correlated with ADOS Total 
scores at school age, further highlighting the prognostic 
utility of an eye-tracking test such as the GeoPref Test.

Limitations of this study include the preliminary analy-
sis from a small sample size. The analyses presented were 
exploratory in nature and a series of correlations present 
preliminary information for evaluating the utility of eye 
tracking as a prognostic tool. A limited number of variables 
including age at intake and amount of autism-focused ser-
vices received were also explored as additional factors that 
may influence outcome. However, there are many other 
factors that would be beneficial to explore within a larger 
sample, including a range of demographic variables and 
family medical history. With a larger sample, categorical 
analyses comparing children with extreme geo preference 
and extreme social preference would be beneficial to 
explore potential subgroup differences in clinical outcomes 
as well. In addition, although all children were initially 

recruited from a general population sample, families that 
opted to return for a follow-up at a later age could represent 
a specific selection of that population that were more apt to 
participate in research.

Although preliminary, the present evidence is consistent 
with our hypothesis that children with a preference for non-
social geometric stimuli would demonstrate across ages 
more impairment related to ASD core symptoms than those 
with a social preference. We believe this is due to the fact 
that children with the geometric preference show an unusual 
preference for nonsocial stimuli and are failing to attend to 
important social information in their environment, which 
may negatively impact opportunities to learn a variety of 
skills. However, preference for nonsocial stimuli was not 
related to more impairment across all cognitive and lan-
guage domains. Heterogeneity in ASD exists at all levels, 
including etiology (Jeste & Geschwind, 2014), symptom 
profile (Masi, DeMayo, Glozier, & Guastella, 2017), devel-
opmental timing (Courchesne et al., 2019), and neural func-
tional profiles (Hahamy, Behrmann, & Malach, 2015; 
Lombardo et al., 2015). Although this study was an impor-
tant first step in examining the utility of eye tracking as a 
prognostic tool, given this heterogeneity, it is not surprising 
that a single eye-tracking test could not predict outcome at 
every symptom level. Furthermore, it has been suggested 
that visual attention as measured by eye tracking may be 
under genetic influence (Constantino et al., 2017). For 
example, in a large eye-tracking study that examined visual 
attention in twin and nontwin toddlers, there was signifi-
cantly higher concordance in preferential visual attention 
patterns between monozygotic than dizygotic twins 
(Constantino et al., 2017). This finding suggests that visual 
attention may be influenced by genetics. Therefore, the dif-
ferences measured by eye-tracking tests may be influenced 
by specific genetic etiologies of ASD. In a companion arti-
cle using resting state functional magnetic resonance imag-
ing (fMRI) methodology (Lombardo et al., 2019), we 
discovered that ASD toddlers with a pronounced preference 
for attending to the nonsocial geometric images in the 
GeoPref Test, have a pronounced neural functional discon-
nection between visual and attention networks and social 
brain networks (e.g. the default mode network). This dys-
regulation of neurofunctional communication between the 
higher order social brain and lower order visual processing 
systems has long been theorized as part of the explanation 
for why visual orienting and attention in some children with 
ASD can sometimes appear to be strongly dominated and 
directed by low-level visual percepts at the expense of social 
(Courchesne & Pierce, 2005). That this study finds this early 
age pronounced preference for nonsocial visual stimuli pre-
dicts later age persistently higher ASD symptoms, raises the 
hypothesis that, in this subtype of ASD, the underlying neu-
rofunctional disconnection between the social and visual 
brain at early ages either may persist across childhood in 
driving atypical social attention and behavior or may have 
biased daily experiences during a critical early period of 
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social development leading toward diminished social learn-
ing. Since brain functioning strongly influences what is 
experienced as well as is influenced by experience, dysregu-
lation of both may conspire to alter what a child pays atten-
tion to and how this shapes the child’s social brain 
development. Therefore, there may be a complex relation-
ship between genetics, brain activity, and experiences that 
shape heterogeneity in ASD. Future research will likely 
need to explore the relationships between all of these 
domains to best identify prognostic markers in ASD.
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