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Abstract

This study examined narrative ability in ASD and parents across two contexts differing in structure
and emotional content, and explored gaze patterns that may underlie narrative differences by
presenting narrative tasks on an eye tracker. Participants included 37 individuals with ASD and 38
controls, 151 parents of individuals with ASD and 63 parent controls. The ASD and ASD parent
groups demonstrated lower narrative quality than controls in the less structured narrative task only.
Subtler, context-dependent differences emerged in gaze and showed some associations with
narrative quality. Results indicate a narrative ability profile that may reflect genetic liability to
ASD, and subtle links between visual attention and complex language skills that may be
influenced by ASD genetic risk.
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Impairments in social communication constitute a defining feature of autism spectrum
disorder (ASD) that can seriously impact competence across social contexts (Tager-Flusberg
2000). For instance, a number of studies have documented impoverished narrative skills in
ASD, particularly in unstructured and emotionally salient contexts (e.g., conversational
narrative) that are strongly reliant on social cognitive abilities, such as reading thoughts and
emotions of protagonists or conversational partners (e.g., Losh and Capps 2003, 2006). In
line with this observation, a number of studies have documented links between narrative
impairments in ASD and deficits in social cognitive skills, where difficulty reading others’
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emotions and cognitive states can limit the ability to build meaningfully on narrative topics
and evaluate a communicative partner’s understanding and engagement (Capps et al. 1998;
Losh and Capps 2003; Ochs and Capps 2001; Tager-Flusberg and Sullivan 1995).

Subclinical differences in narrative (and broader pragmatic skills) have also been
documented among parents of individuals with ASD, and are considered a core feature of
the broad autism phenotype (BAP) (Landa et al. 1991; Landa et al. 1992; Piven et al. 1997;
Losh et al. 2008; Losh et al. 2012). The BAP refers to subclinical personality and language
traits observed at elevated rates among parents of individuals with ASD that are believed to
reflect genetic liability to ASD (Piven et al. 1997; Bernier et al. 2012; Bolton et al. 1994;
Losh et al. 2008; Virkud et al. 2009). In a landmark study aimed at further defining the
language characteristics of the BAP, Landa and colleagues reported evidence of
impoverished narrative skills in parents of individuals with ASD, relative to control parents
of individuals with Down syndrome (included as a control for the influence of parenting a
child with a developmental disability (Landa et al. 1991). Specifically, parents of individuals
with ASD produced narratives that were lower in complexity and coherence than those of
controls. These patterns have been mirrored in studies of conversational discourse of parents
of individuals with ASD, which have noted increased tangential language and less
contingent conversational contributions (Landa et al. 1992; Losh et al. 2008; Losh et al.
2012; Piven et al. 1997). Considered with the extensive literature documenting narrative
impairments in ASD, these findings suggest qualitatively similar narrative differences in
parents, implicating narrative as a skill potentially impacted by genetic liability to ASD.

An important next step in evaluating the significance of narrative as a trait influenced by
genetic liability to ASD will be to understand whether there exist similar profiles of strength
and weakness across structured and unstructured contexts in both ASD and among first-
degree relatives. Furthermore, exploring potentially underpinning processes related to
narrative deficits and differences in ASD and the BAP is critical for understanding whether
common underlying mechanisms contribute to observed narrative profiles. As noted
previously, social cognition appears to importantly relate to the narrative impairments in
ASD, perhaps implicating differences in social attention and perception as important sources
of narrative differences. Attention to less socially salient aspects of a scene, for instance,
could impact the ability to formulate narratives around meaningful themes and infer
motivations of protagonists to build coherent stories. Although this question has not been
directly addressed in the BAP, differences in social cognition have been reported in parents
(Adolphs et al. 2008; Losh et al. 2009; Losh and Piven 2007; Baron-Cohen and Hammer
1997), and in one study were linked to differences in parents’ pragmatic skills in
conversation (Losh and Piven 2007). Identification of such features impacted in both ASD
and the BAP, and linked with broader language and related phenotypes associated with ASD
and the BAP, might provide a window into those core skills impacted by ASD genetic risk
and their neuropsychological origins.

Analysis of eye gaze may provide such an intermediate link, with potential to reveal
attentional and perceptual differences that stem from underlying neurobiological variation
influenced by ASD genetic risk, and that impact clinical-behavioral phenomena such as
narrative and social behavior (Klin, Jones, Schultz, Volkmar, & Cohen, 2002). Differences in
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visual attention have been repeatedly documented in ASD (see Chita-Tegmark 2016; Frazier
et al. 2017; Papagiannopoulou et al. 2014 for reviews), and attentional differences during
dynamic social scenes have been found to predict greater language and social-
communicative impairment in individuals with ASD (Flavell et al. 1981; Jones et al. 2008;
Klin et al. 2002; Righi et al. 2018; Speer et al. 2007). Studies of parents of individuals with
ASD have also shown differences in visual attention to social scenes. Groen and colleagues
(2012) reported reduced visual attention to socially relevant aspects of brief videos in both
parents and their children with ASD. In a study of face processing in the BAP, Adolphs et al.
(2008) found that when determining affective expressions of faces, parents of individuals
with ASD who displayed the BAP showed a marked reduction in reliance on the eye region,
along with increased utilization of the mouth region, relative to controls and parents without
the BAP (a pattern that paralleled patterns observed in ASD; Spezio et al. 2007).
Considering findings that visual attention patterns appear highly heritable in twins
(Constantino et al. 2017), studies of gaze in ASD and unaffected first-degree relatives may
serve as a promising avenue for identifying neurocognitive features related to complex
behavioral phenotypes, as well as a quantifiable target to utilize in studies of phenotypes
linked to molecular-genetic variation in ASD.

In this study, we explored the relationship between visual attention and narrative ability in
both ASD and in parents of individuals with ASD. Our objectives were two-fold—first, we
aimed to document the narrative profiles in ASD and among parents across discourse
contexts that differed in structure and emotional content (shown to be critical in revealing
broader pragmatic impairments in ASD). In line with prior studies of narrative in ASD
(Losh and Capps 2003, 2006; Tager-Flusberg and Sullivan 1995; Losh and Gordon 2014) we
predicted that both the ASD and ASD parent groups would show greater differences from
controls in the less structured, more emotionally evocative context. Second, we explored
potential links between narrative profiles and patterns of visual attention in these same
participants. For this exploratory aim, we presented narrative stimuli on an eye tracker, and
characterized gaze patterns in relationship to narrative quality. Although predictions were
less clear for these data given the lack of prior research examining the relationship between
narrative quality and gaze in general, and among individuals with ASD in particular, we
hypothesized that previously reported differences in narrative quality in ASD and among
parents might stem from underlying differences in visual attention. As such, we predicted
that lower quality narrative would be related to decreased attention to social images during
narration.

Participants included 37 individuals with ASD and 38 typically developing controls without
a family history of ASD, as well as 151 parents of individuals with ASD and 63 parent
controls without a personal or family history of ASD. All participants spoke English as their
first language. Participants were recruited through registries and local resources in the
Midwestern United States (e.g., autism advocacy groups, area education agencies, health
clinics, recruitment at community events, etc). Participants were excluded if they reported a
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family history of genetic disorders related to ASD (e.g., fragile X syndrome, tuberous
sclerosis). Informed consent was appropriately obtained and all procedures were approved
by the University Institutional Review Board.

Demographic information is presented in Table I. Verbal 1Q (V1Q) and Performance 1Q
(P1Q) were assessed with the Wechsler Abbreviated Scale of Intelligence (WASI) or the
Wechsler Adult Intelligence Scale (WAIS)—Third or Fourth Editions (Wechsler 1997, 1999,
2008). Inclusion criteria for participants with ASD and controls included being 15 years of
age and older, and having a Full Scale 1Q (FSIQ) and Verbal 1Q (VIQ) = 80. Diagnostic
status was confirmed by administration of the Autism Diagnostic Observation Schedule-
Second Edition (ADOS-2) (Lord et al. 2012) and/or Autism Diagnostic Interview-Revised
(ADI-R) (Lord et al. 1994), and evaluation of whether symptoms were consistent with DSM-
IV (APA, 1994) or, once published, DSM-5 (APA, 2013) criteria. Parents of individuals with
ASD had at least one child with a confirmed diagnosis of ASD. Every effort was made to
recruit intact families (e.g., parent-child dyads); however, in some cases the individual with
ASD did not qualify for the present study due to 1Q limitations, or other exclusion criteria,
or parents were not available. This resulted in 49 total parent-child dyads in the ASD group.

Assessment of the Broad Autism Phenotype (BAP) in Parents

The Modified Personality Assessment Scale (MPAS-R) is a standardized personality
interview that has been used to define personality features of the BAP (Losh et al. 2008;
Piven et al. 1997; Piven et al. 1994). The MPAS-R consists of a series of open-ended
questions that probe for different personality traits associated with the BAP (e.g., social
reticence) that are rated by examiners blind to group, according to established procedures
(see Losh et al. 2008; Piven et al. 1997; Piven et al. 1994). Questions probe for both trait
endorsement as well as concrete behavioral examples to substantiate endorsements.
Following prior work (Losh et al. 2008; Piven et al. 1997; Piven et al. 1994), the presence of
each trait was rated on a three-point scale ranging from 0-2, with 2 representing definite
presence of the trait, 0 as absent, and 1 as not clearly present (0 and 1 conservatively
collapsed as “absent” for BAP group assignment). All interviews were videotaped and
independently rated by two coders blind to group membership. BAP status was determined
through consensus discussion for the presence of each trait based on self-report. Intra-class
correlations were calculated for each BAP trait prior to consensus: ICC (1,8); Aloof (.84),
Rigid (.79), Untactful (.73). For the purposes of this study, individuals were considered BAP
(+) if they received a score of 2 on either social (presenting with “aloof” or “untactful”
traits) or rigid scales of the MPAS.

Narrative Procedures

Narrative tasks were presented on a Tobii T60 series eye tracker. Participants were seated
approximately 50-60 cm from the screen. Stimuli were presented on a 17 TFT monitor
with a resolution of 1280 x 1024 pixels.

Wordless picture book (PB).—Frog Where Are You? (Mayer 1969) is a 24-page
wordless PB about a boy and his adventures searching for a lost pet frog, and has been used
extensively in prior studies of narrative ability (Losh and Capps 2003; Bamberg 1987;
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Berman and Slobin 1994; Capps et al. 2000; Diehl et al. 2006). This narrative task is
considered to be highly structured (given that it contains a series of clearly depicted actions
with canonical episodic and plot structure) and has been used extensively in prior studies of
narrative ability and development in typical (Bamberg 1987; Berman and Slobin 1994) and
atypical populations, including ASD (Capps et al. 2000; Diehl et al. 2006; Losh and Capps
2003). Participants were instructed that they would be telling a story from a wordless picture
book. They were then presented with each page, one at a time, and asked to narrate the story
while viewing the page. There was no time limit for page presentation, but pages were
advanced as participants concluded speaking, consistent with methods employed in prior
studies with this narrative task (e.g., Capps et al. 2000; Losh and Capps 2003).

Thematic Apperception Test (TAT).—Selected scenes from the TAT (Murray 1943)
were utilized to elicit narratives in an open-ended context. The TAT is a projective
psychological test that has been applied in studies of narrative (Beaumont and Newcombe
2006; Hiraishi et al. 2012; Lee et al. 2017; Turk et al. 2010). The TAT presents ambiguous
and emotionally evocative images from which participants are asked to create narratives.
This task was selected for comparison against the more structured wordless picture book,
given that individuals with ASD have been shown to exhibit greater difficulty in narrative
tasks that are more open-ended and with increased emotional complexity (e.g., Losh and
Capps, 2003; 2006). Therefore, the TAT served as an excellent task to provide a
standardized, yet still open-ended and complex context in which to evaluate narrative and
visual attention in these groups. Following prior work utilizing the TAT as a narrative
elicitation task (Turk et al. 2010), six unrelated TAT images of varying complexity and
emotional content were included (cards 1, 2, 6BM, 8BM, 12M, 13MF; hereafter referred to
as Images 1-6 or by a brief descriptor of the image; see Figure 1 for images). Participants
were instructed to tell a story with a beginning, middle, and end, and to include information
on what the characters were thinking, feeling, and doing, immediately following the 8-
second presentation of each image.

Audio files from all narrative tasks were transcribed by transcribers who were blind to group
status and trained to 80% word reliability for each narrative task. Ten percent of transcripts
(across groups and sex) were randomly selected for word reliability assessment in each task
(mean = 95%, range = 80-100%).

Analysis of narrative quality.—Narratives were analyzed using Latent Semantic
Analysis (LSA; Landauer & Dumais, 1997), a computational linguistic tool whereby an
individual text sample is automatically compared to other text samples, and which prior
work has shown relates to key gold standard hand-coded indices of narrative coherence, such
as grammatical complexity and narrative evaluation (see Lee et al. 2017; Losh and Gordon
2014 for a detailed explanation of LSA), which serve essential functions in cohering
narrative events and rendering them psychologically and socially meaningful, respectively.
For each stimulus or narrative grouping, one control narrative most similar to all other
participants was selected as the gold standard and then excluded from group comparisons. A
quantitative measure of similarity of each individual narrative to these prototypical
narratives, ranging from —1 to 1 (with 1 indicating perfect similarity), was then generated,
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and is roughly representative of narrative quality. LSA scores were computed for the PB task
in its entirety as well as participants’ narratives in response to the six distinct TAT images
separately and averaged across all TAT images.

Eye Tracking Procedures

Pre-specified areas of interest (AOIs) were applied to each stimulus using Tobii Studio
software. AOlIs included face and body regions for each character, and nonsocial objects in
the images that composed the setting (see Table 11 for summary). Analyses of visual
attention patterns used two primary, complementary variables: 1) proportion of looking time
to an AOI out of total looking time, and 2) proportion of fixations to an AQI out of total
fixations for a stimulus. For the PB, these proportions were calculated by summing the total
tracked time or fixations to an area of interest over the total tracked time or fixations across
all 24 pages. For the TAT, these variables were calculated for each unique image only.

Analysis of gaze.—Gaze was recorded for both eyes during presentation of stimuli, based
on a sampling rate of 60Hz. To account for potential data loss, we defined parameters for
fixations consistent with prior research (Wass et al. 2013), who developed parameters to
account for possible poor data quality in infant gaze studies. Briefly, these settings reduce
the impact of technological error or intra-individual variability (e.g., tendency to move eyes
towards the edge of the screen, head movement during tracking tasks, “flickery” gaze data)
by defining fixations based on the I-VT fixation filter available in Tobii Studio (Tobii
Technology AB, Danderyd, Sweden), including fixation data from both eyes, a velocity
threshold of 35 degrees per second, and duration and angle between each new fixation set at
100ms and 0.5 degrees, respectively. Missing data with gaps no greater than 150ms were
linearly interpolated and a moving average window of 3 samples was used to reduce noise.

Track loss (i.e., time when gaze was not detected by the eye tracker) was necessarily
assessed in task-specific ways to account for differences in the nature of the stimuli and
administration procedures (e.g., 24 pages of connected narrative stimuli presented
continuously with eye movement recording in the PB task vs. 6 distinct images with
narrations after viewing the image in the TAT). Because this study was the first to utilize
these stimuli on an eye-tracker, concurrent with speaking, there were no set guidelines
available for quality control. Rather, for each task, data quality metrics were developed
based on detailed analysis of the distribution of tracked time and fixation frequency across
participants, in order to assess what might be considered normative track loss for these
groups. First, task administrations were reviewed for any factors that may have impacted
data quality (e.g., participant distraction) and those data were excluded. Then, the quality of
gaze data was additionally assessed as follows.

Data guality assessment in PB task: In the PB task, participants were speaking while gaze
was recorded across all 24 pages of the story. Given that data quality procedures have not
been previously reported for this type of extended eye tracking data during narration, we
employed a conservative standard to account for data loss in both spoken words and gaze
duration, where participants were excluded if their word-to-tracked eye movement time ratio
was greater than five words/second during any episode of the PB. Episode definition was
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informed by prior work, and included the introduction (i.e., setting and instantiation of the
“search” theme) the sequence of core search events, and resolution (Losh and Capps 2003;
Reilly et al. 1998; Reilly et al. 1990; Bamberg and Marchman 1990). Greater than five
words/second of track time would suggest that gaze was not consistently tracked during a
substantial portion of vocalization during that episode. Together, data quality review resulted
in the exclusion of 10 (27%) individuals with ASD, 4 (11%) ASD controls, 41 (28%)
parents of individuals with ASD, and 13 (21%) parent controls.

For the TAT, where participants narrated their stories after having viewed the scene for 8
seconds, participants were excluded if their overall fixation count on a given image was <5
and total fixation duration was <4 seconds (i.e., gaze data unreliable for more than half of
the 8 second stimulus presentation). These criteria resulted in exclusion of Images 1
(“Violin”) and 3 (“Window™) from group comparison analyses for the ASD and ASD control
groups, given that proportions of participants with valid data differed significantly (Image 1
“Violin” 49% ASD vs. 87% control, z=2.94, p<.01; Image 3 “Window” 54% ASD vs.
82% control, z=2.15, p<.05). No significant group differences emerged in the proportion
of participants with valid data for the remaining four TAT images. Overall, the following
number of individuals were excluded (range is presented to address different Ns for each
TAT image): 11-16 (30-43%) of individuals with ASD, 4-12 (11-32%) of ASD controls,
27-33 (23-31%) of parents of individuals with ASD, and 5-12 (8-24%) of parent controls.

In addition to accounting for track loss, and consistent with prior research (Anderson,
Colombo, & Shaddy, 2006) each AOI was proportionally expanded by up to 10% based on
its original size to create a conservative “buffer,” where when AOIs overlapped fixations
were assigned to the AOI with greater social relevance (e.g., faces > bodies) to limit the
possibility that errors in gaze detection might contribute to hypothesized group differences
in visual attention.

Analysis Plan

Group Differences.

Narrative analyses.: For these hypothesis driven analyses, two multivariate analyses of
variance (MANOVASs) were conducted for both ASD and control and ASD parent and
control parent groups. MANOVAs for individual TAT images were followed with univariate
tests if the overall mean LSA for all six images combined was significant. The PB task
contained only one outcome variable and was therefore not followed up with univariate
comparisons. Eta squared effect sizes are additionally reported

(.01=small, .06=medium, .14=large).

Gaze analyses.: Given the exploratory nature of gaze analyses for both the PB and TAT
task, two-tailed t-tests for each gaze variable (proportion of total fixations and total viewing
time to AOIs) were conducted for individuals with ASD, parents, and respective control
groups, as well as to examine effects of BAP status. In addition to comparing average
performance, each TAT Image (1-6) was examined separately given that images varied in
the prominence of AOI and content, and to determine how different stimuli might contribute
to overall patterns. Degrees of freedom were corrected to account for non-equality of
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variances. We additionally adjusted for multiple comparisons using the Benjamini-Hochberg
procedure (Benjamini and Hochberg 1995) with a false discovery rate set at .1 to account for
potentially missing important effects, and report Benjamini-Hochberg corrected p-values for
all exploratory analyses.

Relationships between gaze and narrative.—Exploratory Pearson correlations were
conducted to examine relationships between narrative quality and visual attention metrics
within each group. Significance level was set at p < .05. For exploratory gaze and
association analyses, we also report effect sizes using Cohen’s dfor findings with small to
medium or medium to large effect sizes of 0.35 and higher. As in gaze group comparisons,
Benjamin-Hochberg adjusted p-values are also reported.

Parent-child correlations.—To examine potential familiality of narrative ability in ASD,
we applied exploratory Pearson correlations among the parent-child dyads. We examined
parent-child correlations for narrative quality only (LSA) for the PB task and for the six TAT
images and overall between dyads. Benjamini-Hochberg adjusted p-values were also
examined to consider false discovery rates, given the exploratory nature of these analyses.

Narrative Differences across Groups and Contexts.

In the PB task, the ASD group demonstrated a small difference from controls (i.e., mean
difference = .03) of small-to-medium effect in the ASD group (F(1, 71) = 2.24, p= .14, 1
=.03), with no differences from controls observed in the ASD parent group (F(1, 204) = .01,
p=.91, 77 <.0001). However, both individuals with ASD and the ASD parent group
showed significant differences in narrative quality in the TAT task (F(1, 67) = 18.59, p
<.0001, 772 = .22 and F(1, 208) = 7.17, p< .01, 77 = .03), respectively). Individuals with
ASD produced lower quality narratives in the TAT overall, and follow up analyses of
individual images showed lower narrative quality in the ASD group in all but one of the six
TAT images and in three of the TAT images for parents of individuals with ASD (see Table
I11 for group means across narrative tasks). No effects of the BAP were observed. Figure 2
presents narrative results from the PB and an exemplar image in which both individuals with
ASD and parents showed differences in the “Farmland” scene (Image 2). Examples of high
and low quality narratives from the ASD and parent groups and their respective controls are
presented in Tables 1V and V, respectively.

Gaze Differences across Groups and Contexts.

No differences were observed in visual attention to bodies or faces in the PB task for either
the ASD or ASD parent groups. However, the ASD group showed a lower proportion of
fixations to setting AOIs than controls (t(59) = — 2.20, p< .05, p-adjusted = .50, d= -.57;
mean difference = 2.19%).

In the TAT, whereas the ASD group showed several subtle differences from controls, no
differences in visual attention were observed between the ASD parent group overall and
parent controls. However, the BAP(+) subgroup showed a number of subtle differences from
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controls and/or BAP(-) parents, as follows. Individuals with ASD and BAP(+) parents
showed a medium-effect sized trend toward allocating a greater proportion of visual
attention to faces relative to respective control groups, on the images in which faces were
featured most prominently (“Man, Woman Gaze”—ASD group proportion fixations t(47) =
1.97, p= .06, p-adjusted = .50, d= .58, mean difference from controls = 8.42%; “Violin"—
BAP(+) parents proportion viewing time t(104) = 1.77, p= .08, p-adjusted= .67, d= .34
mean difference from controls = 5.48% and t(111) = .1.75, p= .08, p-adjusted = .40, d= .33
mean difference from BAP(-) = 4.79%). In response to the “Surgery” image, BAP(+)
parents attended significantly more to the characters’ faces and less to bodies relative to
BAP(-) parents, but not parent controls (faces proportion fixation and viewing time: £105) >
-2.42, ps< .05, ps-adjusted < .49, ds > —.43, mean difference from BAP(-) group = 6.93%),
bodies proportion viewing time: t(105) = 2.50, p< .05, p-adjusted = .14, d= .47, mean
difference from BAP(-) group = —=5.56%). In response to the image depicting the most
complex scene and most highly detailed setting (“Farmland”), both the ASD and BAP(+)
groups showed increased attention to the setting relative to controls, though marginally
significant in the ASD group (ASD group proportion viewing time, t(34.74) = -1.79, p

= .08, p-adjusted = .94, d= -.49; BAP(+) parent proportion viewing time, t(108) = -2.02, p
<.05, p-adjusted = .67, d=-.38 (mean differences depicted in Figures 3 and 4).

Relationships between Narrative and Gaze across Groups and Contexts.

No significant associations were detected between visual attention and narrative quality in
the PB task for individuals with ASD. For parents of individuals with ASD, decreased
attention to the setting of the PB was related to lower narrative quality (for proportion
fixations and viewing time s >.30, g5 < .002, agjusted ps < .004).

In the TAT, the ASD group showed significant associations between gaze and narrative
quality in response to the “Farmland” image, with lower narrative quality correlated with
heightened attention to bodies (proportion viewing time r= —.41, p<.05) and a medium
association with greater attention to faces (proportion viewing time r= .39, p=.051) (Figure
5A). In the ASD parent group, and particularly the BAP(+) group, fixating more to bodies
was associated with /ncreased narrative quality in response to one particular TAT image
where bodily figures figured prominently (“Man, Woman, Gaze” parent overall r=.21, p
<.05; BAP(+) r=.30, p<.05) (Figure 5B). Gaze analyses in the TAT did not remain
statistically significant at the level of p < .05 when applying Benjamini Hochberg adjusted p-
values (adjusted p-values ranged from .30-.46).

No associations with gaze and narrative were observed in the ASD control group. In the
parent control group, better narrative quality was associated with greater attention to faces in
two images where faces were prominently featured (“Violin”, proportion duration r= .29, p
<.05, adjusted p = .31, “Window” proportion duration r= .38, p <.01, adjusted p =.10).

Parent-child Correlations as an Index of Familial Effects of Narrative Ability in ASD

families.

Analysis of parent-child correlations in narrative ability revealed only one significant
association for a TAT image (“Violin” r= .33, p< .05, adjusted p =.21), along with several
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non-significant correlations in a similar direction in the TAT and PB tasks (rranges: 0-.33
and .11, respectively).

Discussion

This study investigated narrative skill across contexts in ASD and parents of individuals with
ASD. Given well-documented differences in social communication, and narrative in
particular, in ASD and evidence of similar, but more subtly expressed differences in parents
(Landa et al. 1991; Landa et al. 1992; Losh and Capps 2003; Losh et al. 2008; Loveland et
al. 1990; Piven et al. 1997), this study aimed to better characterize narrative across discourse
contexts varying in structure and emotional complexity. A primary goal of the study was to
determine whether parents might show similar patterns of narrative differences across
structured and unstructured contexts that could constitute genetically meaningful phenotypic
profiles and provide clues into core skills impacted by genetic liability to ASD. Additionally,
we explored visual attention during narration as a potential source of differences in narrative
competence, in line with prior work documenting visual attention biases in ASD and among
first-degree relatives.

In line with hypotheses related to narrative production, individuals with ASD and parents of
individuals with ASD showed parallel patterns of narrative performance, with narrative
quality comparable to controls in the highly structured PB context, but with the ASD and
ASD parent groups producing less coherent narratives than controls in the less structured,
more emotionally evocative TAT narrative task. Gaze differences were also noted in this less
structured TAT context, and some associations between gaze and narrative were detected.
These findings implicate narrative ability as a complex communication skill that may be
impacted by ASD genetic risk. Although differences in visual attention during narrative
were subtle and will need to be replicated, evidence of difference in both the ASD and ASD
parent groups support the need for further investigation of gaze and language links to
understand the origins of the complex social-communicative features associated with ASD.

Consistent with prior literature documenting greater narrative impairments in ASD in less
structured contexts (e.g., Diehl et al. 2006; Losh and Capps 2003), individuals with ASD
and the ASD parent group showed reduced narrative quality in the less structured TAT
narrative task, but did not differ from controls in the highly structured narrative PB task.
This pattern could be due to the reduced cognitive and social-emotional demands in the PB
task. For example, participants told the PB narrative while viewing a single page at a time,
with a clear temporal unfolding of relatively unambiguous events, and characters showing
obvious facial expressions of basic emotions. By contrast, the less structured TAT included
more ambiguous and emotionally complex scenes, which require understanding of thoughts,
emotions, contextual features related to different psychological states (indeed, the TAT was
developed with the goal of tapping such complex social perceptual skills) (Murray 1943),
and also required narrative generation after viewing each image, placing greater cognitive
demands (e.g., working memory) on participants. It is perhaps notable that such robust
differences in the TAT were evident in spite of explicit instructions to focus on story
structure, content, and cognitive/emotional states of characters (i.e., “tell a story with a
beginning, middle, and end”, and *“discuss thoughts, feelings, and actions of characters”),
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which would presumably steer individuals’ narratives along somewhat common paths.
Although prior studies have not compared narrative ability across different contexts in
parents, these findings are consistent with evidence of narrative differences among parents of
individuals with ASD when presented with a general direction to tell a story and an initial
introductory sentence as a prompt, without any supporting visual stimuli (Landa et al. 1991).

Together, results suggest a relatively specific pattern of narrative differences evident in ASD
and among parents, that also showed evidence of familiality in the ASD and ASD parent
groups, consistent with a large body of work highlighting subtle differences in social-
communication and personality features in first-degree relatives of individuals with ASD
thought to reflect genetic liability (i.e., Broad Autism Phenotype; (Piven et al. 1997; Piven et
al. 1994; Losh et al., 2008; Losh et al., 2012). Familial aggregation of a trait does not
necessarily imply a genetic influence (e.g., narrative styles are certainly learned within
families, and during parent-child interactions in particular (Haden et al. 1997)). However, as
noted previously, narrative differences were among the first reported phenotypes in early
studies documenting the presence of a broad autism phenotype among parents of individuals
with ASD (Landa et al., 1991), and considered in this context, the current findings appear to
highlight narrative as a fruitful focus for future investigations, such as twin studies, that
might more definitively evaluate genetic influence, and the potential of narrative-related
skills as ASD endophenotypes.

Evidence of this specific pattern of narrative differences in ASD and parents also builds on
prior work applying a computational measure of narrative (i.e., Latent Semantic Analysis, or
LSA), showing, importantly, that this method is not only sufficiently sensitive to capture
context-dependent narrative deficits in ASD (Lee et al. 2017; Losh and Gordon 2014), but
also the more subtle differences evident in clinically unaffected parents. Application of such
efficient, automated, and objective computational measures to characterize complex
language phenotypes in ASD and among unaffected relatives can provide distinct advantages
over hand-coding methods, which, while providing deep characterizations of language
samples, are highly labor intensive and difficult to apply to large samples or across different
study samples and research groups. The quantitative, continuous index of complex language
ability produced by computational methods may also be advantageous for studies of ASD-
related endophenotypes, where continuous measures of complex traits, measurable in
affected and unaffected individuals can optimize power to detect associations between
phenotypes and underlying biological variation. One notable weakness of this computational
approach, however, is that more specific aspects of narrative performance (e.g., discussion of
character motivations, and mental states shown in prior work to be deficient in ASD) are not
captured, which in this study may have impacted our ability to detect associations between
gaze patterns and these more specific, and meaningful, aspects of narrative production.

Nonetheless, we did detect subtle differences in visual attention in both the ASD and ASD
parent groups. Group comparisons of gaze patterns indicated that, consistent with narrative
performance patterns, very few differences were observed during the PB context (individuals
with ASD showed a small but statistically significant reduction (i.e., 2%) in fixations to
setting elements of PB scenes relative to controls). More differences in gaze were observed
during the open-ended TAT task, although the pattern of differences varied across images
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and were not consistently significant when correcting for multiple comparisons. For
example, individuals with ASD and BAP(+) parents attended more to the setting in response
to the image from the TAT with the most complexly depicted setting (“Farmland” image). In
contrast, individuals with ASD and parents (the BAP(+) group in particular) attended more
to faces in response to images from the TAT where facial expressions were prominently
featured and the emotional content more ambiguous (e.g., Man, Woman Gaze image). These
findings contrast with prior work with different paradigms showing more striking differences
in visual attention to social scenes in ASD, including atypical face processing (e.g., see
Chita-Tegmark 2016; Frazier et al. 2017; Papagiannopoulou et al. 2014 for reviews).
However, the current paradigm was distinct from such prior work in that individuals were
explicitly instructed'to narrate and to discuss the characters’ thoughts and feelings, which
likely prompted more focused and directed attentional strategies (and potentially attenuated
differences) in social attention than those studied in prior work. Given that successful
narration requires attention to both the main characters and the setting that contextualizes
characters’ thoughts and actions within a broader theme (Reese et al. 2011), increased
allocation of visual attention to the most complex aspects of a given image in the ASD and
BAP(+) groups may reflect greater effort to integrate and process visual information to
construct meaningful narratives. Therefore, these results may inform future studies
examining the role of context in shaping visual attentional differences in individuals with
ASD and the BAP.

It is also important to consider that patterns of visual attention where groups differed were
not the same aspects of visual attention associated with narrative in either context. Whereas
individuals with ASD fixated more intensively on setting in the most visually complex TAT
image (“Farmland™), it was an increased attention to bodies that was related to poorer
quality narratives. It may be that individuals with ASD and the BAP differ not only in
allocation of visual attention, but also in the ways in which they utilize visual information to
inform social communication—e.g., even though individuals with ASD and parents with the
BAP looked more to faces during emotionally ambiguous TAT images, perhaps they were
less able or inclined to capitalize on that information to enrich their narratives. For parent
controls, narrative quality increased with greater attention to faces, particularly during
images where faces were more prominent, suggesting that they capitalized on this
information to inform their narrations. Different associations between narrative quality and
attention in the ASD and BAP groups may also indicate that the complexity and degree of
ambiguity of a social stimulus impact the attentional strategies employed, with the potential
to both miss key aspects of relevant non-social information or to become overly focused on
less social stimuli. Additionally, as noted previously, LSA (a global measure of narrative)
may not be a sufficiently sensitive index of the finer-grained aspects of narrative that relate
to visual attention. Future studies might address these questions by examining gaze and
language patterns across different and potentially more sensitive measures of language
(ranging from basic language processing skills to more complex language use such as
narrative and conversation) and gaze (including moment-to-moment visual attention
sequences and synchronized language production), and in larger samples, that could more
powerfully index important relationships between gaze and language in real time.
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An additional important finding concerns the relative specificity (and subtlety) of gaze
differences to the BAP(+) parent group, whereas differences in narrative quality were
observed more broadly in the full ASD parent group. Global differences in social
communication have been observed among first-degree relatives in other genetically-based
disorders impacting language (e.g., specific language impairment; Ruser et al. 2007), raising
the possibility that differences observed in the ASD parent group overall reflect more
general genetic liability to language disorder, rather than ASD specifically. In line with this
possibility, a number of prior family studies of ASD have noted broad-based differences
from controls among ASD parent groups, with more specific patterns of differences
observed among BAP(+) subgroups, including studies of social cognition (Losh et al. 2009),
face processing (Adolphs et al. 2008; Yucel et al. 2015), and visual attention during a
language processing task (Nayar et al., 2018). Future work including comparison groups of
parents of children with other genetically-based language disorders will be informative in
teasing out ASD-specific risk markers evident in parents. It could also be the case that more
detailed characterization of narrative ability (rather than the global narrative analysis
examined in this study) could reveal patterns of narrative differences more specific to
parents with the BAP.

In summary, results from this study highlight a specific pattern of differences in narrative
skill in individuals with ASD and among parents (particularly those with the BAP), that may
be linked with visual attention patterns, where differences are most robustly observed in
unstructured contexts involving emotionally evocative, ambiguous scenes. Such overlapping
phenotypic patterns in ASD and among parents suggest that narrative ability and related
visual attention patterns may be important phenotypes that could be used in future studies
indexing genetic liability to ASD, which could help to inform the basis of the complex
social-communicative impairments in ASD. Findings that many, but not all, differences
among parents were driven by the BAP(+) subgroup (e.g., with all parents showing
differences in narrative, yet most gaze differences were specific to the BAP) may also have
important implications for understanding mechanistic differences relating to core language-
related phenotypes in ASD and the BAP.
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Narrative quality across contexts for ASD and parent groups, indicated by greater LSA

scores (i.e., higher semantic similarity) in the structured PB context in both groups, and
differences across narrative contexts between (a) individuals with ASD and controls and (b)
parents of individuals with ASD and controls
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Figure 4.
Fixation profiles of (a) typically developing control showing a pattern focused strongly and

centrally on animate elements, and their facial regions in particular; (b) ASD (left) and (c)
BAP(+) ASD parent (right) gaze paths showing more broadly dispersed gaze paths, focused
more on background elements.
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Gagze associations with narrative quality during the TAT (a) The ASD proband group
demonstrated increased fixation duration towards faces and higher LSA scores (i.e., greater
narrative coherence, indicated by higher semantic similarity scores) during the Farmland
image (Image 2); (b) BAP(+) parent group demonstrated increased fixation duration towards
bodies and higher LSA scores during the Man, Woman Gaze image (Image 6).

J Autism Dev Disord. Author manuscript; available in PMC 2020 June 19.



Page 22

Leeetal.

S0 >d
*

‘uoneIneQ pJepurls = AS ‘UesiN= A 18pJosig wniaads wsniny = Asy

189 12T 0T:LC (4:N) x5

L (CeL) 665y (€8) yL°02 (Lroeoez (as) sbv
(LT'TT) S6°0TT (ev'21) €8°TTT (25'ST) 9v'90T (as) OId
(80'TT) 8€°0TT (L9'TT) GG'6TT . (B°ET) LZ'S0T (as) 0IA
. (1807) 002TT (s8'TT) §5°LTT . (OL'€T) T7'90T (as) dis4

(@s) (g9=u) dno 19 |013u0D us fed

(@s)w (1sT=u) dnouo wered aSY  (as) N (8e=u) dnouo jowod asy  (As)W (2e=u) dnots asy

Author Manuscript

uolrewloyu] aydesbowsqg

‘I 8lqeL

Author Manuscript Author Manuscript Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2020 June 19.



Page 23

Leeetal.

Author Manuscript

‘Il |1qeL

Author Manuscript

a0e4

Apog

Bumes

Apog

Bumes

30e4

Apog
ERLE|
Apog
9964
Bumes
Apog
9964
Bumes
Apog
9964
Bumes
Apog
9964
Apog

30e4

(979 UewOM ‘UeIN) 9 1YL

(dsals) G 1vL

(A18buns) ¥ 1V

(mopuip) € 1V.L

(puejwired) z 1VL

(unoIn) T VL

IOV Weulwold  pazAreuys|ov

(61111) 8bew|

sabew| 1v1 40} papnjoul (10V) 159421U] JO Sealy

Author Manuscript

Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2020 June 19.



Page 24

Leeetal.

5108448 8buB| = $T° ‘WNIPaW = 90" ‘|[eWS = TQ' :UOIUSAUOD N: ‘UOIIRIASQ PIBpUBIS = S ‘UBSBIA = Il 'S0" > JO |9A3] U} 1B SaouaIayIp JuedlIuBIS ayedlpul sBulpuly pjog

20" 18y = (802'TH (eT0) 870 (LT°0) £v0 0T /€L, =094 (81°0) 2t7°0 (LT'0)se0 oW | 9z89) UBWOM ‘UBIN,, 9
10°/09°T = (802'T)4 (¥T0) €v’0 (LT0) 6€°0 LT /€6°€T = (29'T)d (¥1°0) €50 (0z'0) g€°0 Abew davys,, G

20 /vy = (802'T)4 (zT'0) 2¥0 (¥1°0) £°0 L0°/T0G=(9'T)4 (¥1°0) S¥°0 (sT°0) 2870 «3bewi A1sbins,, v

10" 1 €0'C = (802'T)4 (oT°0) 9¥'0 (¥1°0) £7°0 00 /¥0" = (L9'T)4 (zTr'0) vv'o (sT'0) 2¥'0 .abew| MopuIm,, €
S0 /92°0T = (802'T)d (Tro)sso (sT0) 150 L0°/0L7=(9'T)4 (sT0)es0 (9T0) vv'0 «d0eW| puejuLed,, ¢
10"/ ere = (802'T)4 (91°0) 550 (sT0) 150 vZ /2L Te =9 T4 (60°0) 09°0 (61°0) 2’0 .dBew] uljoIn,, T

€0/ LT, =(802'T)4 (80°0) 05°0 (Tro) sv'o 2¢ /16981 = (L9'T)4 (60°0) 150 (Tro)6€0 uoHeLIEN PaINONISUN 1V.L
00° 170" = (v02'T)4 (0T°0) 18'0 (zT'0) 18'0 g0 1vze= (1L (80°0) £8°0 (60°0) 08'0 uonelfeN paininis gd

(@) (as) (as)

At/ Bunsssouesyiubis

dno 9 |0.11u0D 1B Jed

N dnou9 e red ASY

A/ Bunsssouesyiubis

W dno 19 jo1uod asy

(a@s) wdnoio asv

Author Manuscript

‘Il alqeL

Author Manuscript

sdnoJf sso1oe SaoUIBLIP BAIIRIIEN

Author Manuscript

Author Manuscript

J Autism Dev Disord. Author manuscript; available in PMC 2020 June 19.



Page 25

Leeetal.

‘Aifenb Jaybiy si T 01 Jaso|d Alljenb aanelreN
*

"punoiBxoeq 8yl Ul MoJ © Sem aJay}

MUY | "8J3Y3 IO UI0d Ajqeqoid Sem a1ay | “Wte} e uo anl| A3yl puy 'splal ayl Ul
340M 01 10 Bulob sem ay yeyy 1snl uewom ay Buij|al sem Anb ay) puy/ 'spialy yum
WJey  81] S,818Y} pUY "spaipuny uaaybia ays axi ul adejd saxel 31 81| SH00] 3

ge =, Aureuis

£ =A118nss SOAV ‘T€T = OId ‘TOT= OIA ‘9TT = OIS ‘8|ew = x8s ‘6'y€ = 8by

"pajuBM 3Us UoI1eaNpa ay) s1ab pue |anes) 0}

SapI9ap ays syuated Jay 108dsas 0} SJUBM 3YS Se Yonu S "BLULBIIP 8Y) Ul S,3ys 0S "0} Jay Bul||al sI Jayoea) Jay ax1|
pliom ay} a1ojdxa 0} sjuem Ajjeas suer Ing “wiey syl ul Aels 1snf pue 116 wuey e Jo 81A1sa41| 8Y3 aAeY 0} Jay Juem
1sn[ syuated Jay Ing “Buiures) pjiom Ajfeas sabeanosus pue Buriidsul A1aA si 184dea}|00yds Jay puy “w.iey e uo dn
Malb ays 11em si 03 $a06 ays |00Yds ay ‘W “wirey e uo dn maib ays pue auer paweu 416 BunoA e s,alay) 0S ‘A0

oL = Auejiuis

60T = OId ‘TZT = OIA ‘8TT = OIS ‘8Jewsy = x8s ‘0'6T = 8by

asy yumspenpiaipui ui Ayirenb aaire s reu Aifenb wnipsw jo ajdwex3

1043U00 @SV Ul Alifenb aAlre Jreu Buo s Jo ajdwex3

"1V 8y1 Jo ,abew| puejwieS,, syl Bulinp sjonu0d Sy pue asy Yum sjenpiAipul wody Aifenb ur Butisyip seAneleu o sidisox3

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

‘Al 9lgeL

J Autism Dev Disord. Author manuscript; available in PMC 2020 June 19.



Page 26

Leeetal.

‘Aifenb Jaybiy si T 01 Jaso|d Alljenb aanelreN
*

"MOUY 3,UOP | "UOIJBIPEI JUBAUL [|,8YS PUB 81N BLIBA S,8US
‘Mouy| 1,uop | pue Apnis pue ob 01 pamojje aq 0} Buiob s,ays yn Ing "wey ay3 uo dijay
01 pasoddns s,ays 1nq Apnis pue Aeme of 03 Bunuem si 116 auo ay ‘siy1 Inoge dn axew
03 A103S JO pupy 1eym mou Ajjeal 1,uop | ‘Buimold a1, Ay pue puejbu3 [eins si siyL

0g = Aejiuns

12T = OId 90T = OIA ‘¥TT = OIS ‘8Jewsy = x8s ‘g'6y = 8by

"PUB BYL "9IM S, JoLuIRY ©
10 pealsul J0ssayoad ysi|Bug [njsseoons AIsA e awedaq ays puy 868|102 01 0B 0} a1els a8y Ul pue Ajiwey Jay ul
UBLLIOM 1S11J U} 8WBIa] dUS Je|oYds |NJIBPUOM B UINS SeM ays asnedaq pue peal o} y|asiay 1ybne) ays ‘Jooyas
0} 06 1,UpIp UBLIOM BLUI} TRy} Je aSNeIa] Peal 0} J|3SIaY Yoral PINOM ays PapIdsp ays 0S “Jaylow Jay axi|
3JIM S, JaLLIRY B 8 0] JUBM 1,UPIP 8YS pue wuey e uo dn BuimolB pjiyo e sem ays usym 01 3oeq 1ybnoy) ez1j3

oL = Auejiuis

60T = OId ‘22T = OIA ‘8TT = OIS ‘8Jewsy = xas ‘¢ 'gy = 8by

e red (+)dvg ul Ayifenb aalre dreu Alifenb mo| jo ajdwex3

[043u02 1Ua fed Ul A1ifenb anire J.reu Buo J3s Jo ajdwex3

"IWV1 8yl Jo ,.ebew| puejwied,, ayl Bulinp sjouod juated pue ASV Yim sjenplAlpul Jo siuated wouy Alijenb ur Buliayip seaijeleu Jo s1disox3

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

‘AslqeL

J Autism Dev Disord. Author manuscript; available in PMC 2020 June 19.



	Abstract
	Methods
	Participants
	Assessment of the Broad Autism Phenotype (BAP) in Parents
	Narrative Procedures
	Wordless picture book (PB).
	Thematic Apperception Test (TAT).
	Analysis of narrative quality.

	Eye Tracking Procedures
	Analysis of gaze.
	Data quality assessment in PB task:


	Analysis Plan
	Group Differences.
	Narrative analyses.
	Gaze analyses.

	Relationships between gaze and narrative.
	Parent-child correlations.


	Results
	Narrative Differences across Groups and Contexts.
	Gaze Differences across Groups and Contexts.
	Relationships between Narrative and Gaze across Groups and Contexts.
	Parent-child Correlations as an Index of Familial Effects of Narrative Ability in ASD families.

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Table I.
	Table II.
	Table III.
	Table IV.
	Table V.

