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Introduction

Narrative, or storytelling, ability is a well-documented area of difficulty in autism spectrum disorder (ASD) and is an important skill that is related to social-communicative success. Evidence also demonstrates subtle narrative differences among first-degree relatives of autistic individuals, including parents (ASD parents) and siblings (ASD siblings), suggesting narrative ability may reflect genetic influences related to ASD. Less structured contexts, such as free form narrative retellings (i.e., without scaffolding via visual aids), require individuals to reconstruct a previously told narrative from memory and reflect differences in underlying attention, language, and executive functioning. Narrative retellings are impacted in ASD, though work has yet to examine this ability in first-degree relatives. A prior study employed a first telling narrative task (First Telling) involving simultaneous viewing of a picture book among autistic individuals, their parents, siblings, and respective control groups while collecting eye tracking data to extrapolate attentional mechanisms.





Methods

The present study aimed to extend this work by adding an additional less structured narrative retelling (Retell task) to characterize the breakdown in narrative quality between different contexts and assess how narration and visual attention during the First Telling narrative may relate to narrative quality in the Retell task. 





Results

As predicted, narrative retellings were less sophisticated than first-telling narratives, and the quality of the First Telling was related to the quality of the Retell narrative for all groups. Some overlapping patterns of narrative quality emerged between individuals with ASD, their parents, and siblings. No associations emerged between visual attention in the First Telling and narrative quality in the Retell task. 





Discussion

Results support previous findings of narrative challenges in ASD and provide evidence that narrative skills may be subtly impacted in first degree relatives, suggesting ASD-related genetic influence on elements of narrative ability. Findings may inform intervention efforts, as the lack of visual supports in the retell task impacted narrative quality in ways that parallel the challenges individuals may face in everyday storytelling and naturalistic conversational interactions.
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1 Introduction

Challenges with social communication are a hallmark feature of autism spectrum disorder (ASD) (1), including differences in narrative ability (i.e., storytelling) (e.g., 2).1 Narrative refers to communication of events rendered from a particular perspective that are linked temporally and causally, and are strongly bound to cultural conventions (3, 4). Narrative is often used to interpret the intentions of others and determine meaning. Consequently, narrative ability is essential in the development of meaningful relationships, as it contributes to important pragmatic (i.e., social) skills that are the bedrock of building connections with others (5, 6). Narrative ability also plays a key role in memory formation and consolidation, shaping an autobiographical sense of self, and organizing experiences into meaningful stories, while also supporting critical developmental skills such as academic success, language development, and emotional understanding (7–22). Thus, fluid narrative ability—encompassing the description of experiences, relating them to others, and forming a sense of self—is crucial for social-communicative success (13).

Documented challenges in narrative ability in autistic individuals include reduced narrative coherence (e.g., connections between story elements) (23–26), fewer inferred causal relationships (e.g., stating why a character acted or felt a certain way) (23, 27, 28), less frequent references to characters’ emotional and cognitive internal states (e.g., stating that a character feels happy) (27–31), and increased use of off-topic remarks (27, 32–35), both in highly structured storybook contexts, as well as more naturalistic conversational interactions where narratives commonly occur. Additionally, narrative ability in autistic individuals has been found to relate to social cognition, suggesting that difficulty understanding another’s point of view may impact the ability to adequately narrate and infer another’s emotional and cognitive states (23, 27, 36, 37).

Many studies of narrative used wordless storybooks or complex static images to elicit narratives, where participants view the images and describe the story (e.g., 23, 25–28, 30, 31, 37–39). Other studies have used a less-structured narrative retelling context, where participants retell the story to an examiner after a delay in viewing images (e.g., 24, 26, 33, 34, 39–46). Narrative retellings can be employed to increase cognitive demand by requiring reconstruction of a previously encoded story, providing insight into how an individual attended to, processed and organized, and remembered their initial narrative (47–49). Retellings may be more similar to narratives occurring in everyday interactions where experiences must be recalled and relayed to others (47). Narrative retellings in typical development have been found to focus on the gist of the original story (e.g., general explanation of the setting, such as a school) (9), while in ASD are more focused on local details of the story (e.g., specific objects in the physical setting, such as a chair) (41), suggesting that autistic individuals may have difficulty with central coherence (i.e., not as successfully convey the “big picture” takeaway of a story) and may have difficulty identifying the most relevant aspects of the story. Work in ASD has found that narrative ability is indeed more impacted in contexts with less structure (e.g., without the use of visual aids and a greater reliance on free recall) compared to more structured narrative contexts with concurrent visual supports (26, 27, 38). However, most studies using a narrative retelling context have not directly compared contexts (24, 33, 34, 39–46), making it difficult to determine how context affects narrative quality and infer neuropsychological mechanisms that may contribute to context effects.

Studies examining first-degree family members of autistic individuals constitute a useful approach to identify potentially heritable traits of ASD that might aggregate in more subtle form in biological relatives and be linked to autism-related genetic influence (50–56). Subclinical ASD-related personality and social-communication traits are reported at elevated rates among parents of autistic individuals (“ASD parents”), referred to as the broad autism phenotype (BAP) (51, 57–62). Additionally, differences in narrative ability have been observed among ASD parents compared to parents of children with typical development (28, 38, 63) and Down syndrome (63), suggesting possible genetic links to storytelling abilities.

Studies of pragmatic language in siblings of autistic individuals (“ASD siblings”) have drawn inconsistent conclusions, with some studies reporting pragmatic language deficits (64–67), and others identifying no differences in pragmatic ability (68, 69). Variability in prior studies may stem from differences in methodological approaches—such as parent-report questionnaires versus experimenter ratings, age ranges spanning toddlerhood to school-age, the specific domains of pragmatic language assessed, and variations in sample sizes and analytic methods (64–69). A recent meta-analytic study identified a small effect of poorer pragmatic language abilities in ASD siblings compared to controls (70). Interestingly, two studies using examiner ratings of pragmatic language in school-age children found a step-wise pattern, with autistic individuals demonstrating more difficulty with pragmatic language compared to their unaffected siblings, and siblings demonstrating more difficulty than controls (65, 66). The other two studies that observed differences did not include an ASD group for comparison, though findings indicated that the ASD sibling group demonstrated poorer pragmatic language abilities compared to the control group (64, 67). Differences in pragmatic language abilities may be more likely to emerge in unstructured, naturalistic tasks compared to standardized assessments in siblings (65), underscoring the importance of examining language abilities across contexts. To our knowledge, only one study to date has examined narrative ability in ASD siblings (28), highlighting a significant gap in the current literature for narrative ability— a specific pragmatic language skill which is well-studied in ASD and typical development.

A prior study by Nayar et al. (28), examining a First Telling narrative task in the same participants included here, found that autistic individuals used fewer descriptions of characters’ thoughts and feelings and inferred fewer causal relationships compared to controls, consistent with prior literature (23, 27, 29–31). Autistic individuals were also more likely to omit a key element of the story (e.g., setting, part of the plot, resolution) compared to controls, though no patterns emerged reflecting any specific story elements being less likely to be included than others. Narrative performance in ASD siblings partially mirrored patterns observed in the ASD group, with both groups using fewer descriptions of affect, cognition, and causal explanations than the control group. Unique to the ASD sibling group was the finding that they were less likely to establish the story setting than the ASD and control groups, suggesting they may have difficulty initiating the story and grounding their narrative in the global context. Although narrative skills were largely similar between parents of autistic and non-autistic individuals, some subtle differences emerged. Differences were only observed in the types of inferred causal relationships, but no differences emerged in the overall amount of inferred causal relationships or mentions of emotional and cognitive internal states of characters across the storybook. ASD parents provided more frequent explanations of the storybook character’s affect and cognition (e.g., why the character felt happy), while parents of typically developing individuals more often included causal descriptions of the character’s behavior (e.g., why the character looked behind a rock). The authors interpreted these findings to suggest that while narrative differences are evident in autistic individuals and their siblings, parents show more subtle differences in their storytelling approaches. This study expanded on these findings to examine narrative recall in this same participant sample and explored patterns of similarities and differences in ASD and first-degree relatives in this more challenging narrative task.

Visual attention influences how an individual interprets the environment and relates to general cognition (71, 72), language processing (73–75), and sensory regulation (76, 77). Differences in social attention have been observed in individuals with ASD, their parents, and siblings, including reduced attention to social stimuli (4, 28, 78–93), with social attention being the most impacted in ASD when viewing scenes with higher social saliency (74). However, some studies in infant siblings have found increased social attention compared to controls (94) or no differences (95). Importantly, studies to date have examined visual attention to social and nonsocial stimuli primarily in infant siblings, rather than children and adults. In research utilizing concurrent eye-tracking and narrative elicitation, evidence suggests that different attentional styles in autistic individuals and their parents relate to differences observed in narrative (28, 38), suggesting that what participants pay attention to influences what they speak about, and vice versa, and that groups may capitalize on different types of visual information to inform their narratives. In two prior studies using the same sample of autistic individuals, controls, and parents, and the same First Telling narrative context as the present study, individuals with ASD were found to attend less to the setting than controls, while no differences were seen between parent groups (28, 38). Nayar et al. (28) also included a group of ASD siblings, and found patterns that mirrored those observed in ASD, showing less attention to the setting. Individuals with ASD and their siblings also tended to not explore the entire visual scene, and mostly attended to similar groups of stimuli (e.g., setting information, characters), whereas the control group explored more diverse types of visual information. Findings were interpreted as support that differences in visual attention could contribute to the narrative patterns observed in autistic individuals and their siblings, highlighting the role of attention in shaping how individuals process and convey stories. Consistent with this interpretation, Mangnus et al. (96) recently reported that pupillary and brain responses during a viewing of an animated clip were less variable in autistic individuals compared to those without autism, perhaps suggesting that the information was processed in a more local or fixed manner (as opposed to the broader narrative context), providing additional evidence for more detailed attentional and cognitive patterns.

This study builds directly on this prior work by examining narrative in a less-structured context where participants retell a story (Retell task) that was initially narrated from a wordless picture book (First Telling). The Retell task context induces increased cognitive demands by requiring individuals to draw on memory (e.g., encoding, storage, retrieval) to reconstruct how elements of the story were meaningfully connected—more closely mirroring naturalistic storytelling contexts and challenges therein.

Previously published data on First Telling narratives (28) and visual attention during the narrative (28, 38) were included in the present study solely for comparison with the Retell task and were not otherwise re-reported. Narrative data for the present study were analyzed by applying the same hand-coding scheme that was used with First Telling narratives in Nayar et al. (28) to Retell narratives to inform a direct comparison. Narrative retell ability was also examined in relationship to visual attention patterns measured during the First Telling to explore whether visual attention to different aspects of the picture book (e.g., characters, background) was related to how participants later structured their narratives, potentially serving as an index of initial narrative encoding strategies.

We predicted that all groups would produce more sophisticated narratives in the structured First Telling task, due to increased cognitive demands in the Retell task, consistent with prior literature demonstrating that less structured discourse contexts pose greater challenges to autistic groups (26, 27, 38). The ASD group was expected to show the largest decline in narrative quality from the First Telling to Retell, while ASD siblings and parents were predicted to show similar patterns of narrative differences as the ASD group but with a more attenuated pattern of decline compared to the ASD group. Second, we predicted that visual attention patterns in the First Telling would relate to quality of the Retell narratives for each group. Given that groups differed in their visual attention during the initial viewing of the picture book (28, 38), they may have initially encoded distinct visual elements of the storybook that impacted the quality of narrative retellings.




2 Methods



2.1 Participants

Participants included 54 individuals with ASD, 41 ASD siblings, 156 ASD parents, 49 controls without a personal or family history of ASD, and 59 parent controls. See Table 1 for demographic information. All participants had full-scale IQs (FSIQ) and verbal IQs (VIQ) >80, as measured by the Weschler Intelligence Scale for Children-Fourth Edition (WISC-IV) for children under 16 years of age or the Weschler Abbreviated Scale of Intelligence (WASI) for individuals over 16 years of age (97–99), and had verbal spoken language consistent with modules 3 or 4 of the ADOS-2. Participants were at least 10 years of age. This age range was selected because the ability to produce complex narratives is typically well-established by this age (3, 49, 100–102). All participants spoke English as a primary language and had no family history of genetic conditions related to ASD, such as fragile X syndrome. Exclusionary criteria for control participants included a family history of ASD and language impairment. Recruitment was focused throughout the Midwest region using registries, clinics, advocacy groups, schools, community events, and advertisements. Efforts were made to recruit intact families. However, some parents participated without their child, some children participated without their parent, and in some parent-child dyads, child data may have been excluded due to study exclusion criteria. All study materials were approved by the Northwestern University Institutional Review Board.


Table 1 | Demographic information.
	Demographic Information and Word Count
	ASD
	ASD Siblings
	Controls
	ASD Parents
	Parent Controls


	M(SD) Range
	M(SD) Range
	M(SD) Range
	M(SD) Range
	M(SD) Range



	N (M/F)a,b
	54 (46/8)
	41 (15/26)
	49 (25/24)
	156 (60/96)
	59 (23/36)


	Age (years)c
	18.62 (6.18)
10.02-35.21
	17.16 (4.20)
10.63-29.39
	19.04 (5.34)
10.53-33.25
	46.31 (8.09)
27.74-66.42
	42.51 (10.27)
22.94-63.89


	FSIQa,b
	106.57 (12.83)
80-131
	115.51 (11.38)
89-134
	117.71 (11.99)
89-142
	111.51 (11.58)
82-136
	114.98 (11.49)
86-139


	VIQa,b
	106.41 (13.78)
84-146
	116.12 (13.55)
82-146
	118.77 (11.72)
93-142
	109.98 (11.43)
80-132
	111.92 (12.83)
82-138


	PIQa,b,c
	104.26 (15.43)
68-131
	112.41 (11.96)
86-141
	113.52 (14.03)
79-143
	109.96 (12.05)
72-137
	113.63 (11.70)
86-148


	Word Count First Telling
	414.05 (171.36)
188-1029
	410.95 (177.85)
171-1160
	407.78 (143.39)
196-854
	482.24 (194.84)
203-1165
	468.30 (152.66)
210-909


	Word Count Retell
	247.17 (161.50)
39-829
	276.49 (182.44)
52-960
	283.22 (162.42)
69-890
	344.00 (161.70)
106-1046
	339.20 (128.70)
95-711


	Race
	N (%)
	N (%)
	N (%)
	N (%)
	N (%)


	 White
	36 (66.7%)
	31 (75.6%)
	35 (71.4%)
	110 (70.5%)
	55 (93.2)


	 Black/African
American
	2 (3.7%)
	1 (2.4%)
	3 (6.1%)
	9 (5.8%)
	0 (0%)


	 Asian
	1 (1.9%)
	1 (2.4%)
	9 (18.4%)
	3 (1.9%)
	1 (1.7%)


	 Native
Hawaiian/Pacific
Islander
	0 (0%)
	0 (0%)
	0 (0%)
	1 (0.6%)
	0 (0%)


	 Biracial
	2 (3.7%)
	0 (0%)
	1 (2.0%)
	2 (1.3%)
	0 (0%)


	 Other
	1 (1.9%)
	0 (0%)
	1 (2.0%)
	0 (0%)
	0 (0%)


	 Not reported
	12 (22.2%)
	8 (19.5%)
	0 (0%)
	31 (19.9%)
	3 (5.1%)


	Ethnicity


	 Hispanic
	0 (0%)
	0 (0%)
	1 (2%)
	6 (3.8%)
	3 (5.1%)


	 Non-Hispanic
	11 (20.4%)
	16 (39%)
	48 (98%)
	132 (84.6%)
	49 (83.1%)


	 Not reported
	43 (79.6%)
	25 (61%)
	0 (0%)
	18 (11.5%)
	7 (11.9%)






a significant difference between ASD and Control Groups.

b significant difference between ASD and ASD Sibling Groups.

c significant difference between ASD Parent and Parent Control Groups.




For the ASD group, in addition to a prior clinical diagnosis, the Autism Diagnostic Observation Schedule-2 (ADOS-2) (103) and/or the Autism Diagnostic Interview, Revised (ADI-R) (104) was used to confirm a diagnosis of ASD. To rule out ASD in siblings of individuals with ASD and controls, participants were screened for medical history and the ADOS-2 (103) was administered. Individuals who met criteria for ASD based on the ADOS-2 were excluded from the present study.




2.2 Narrative elicitation tasks



2.2.1 First telling

Participants narrated a 24-page picture book, Frog Where Are You? (105), page-by-page while viewing the stimulus on an eye tracker. This picture book is about a boy and his pet dog as they search for their missing frog, and it has been used extensively in the narrative literature (e.g., 24, 26, 27, 38, 39, 106–112). Procedures for administration of the First Telling were consistent with Lee et al. (38) and Nayar et al. (28), and First Telling narrative and eye tracking results were previously reported in Nayar et al. (28) for all groups.




2.2.2 Retell

After a delay of approximately 10 minutes, participants were asked to retell their narrative from the First Telling task to an examiner. During the delay, participants completed another task where they named arrays of familiar items as part of the larger research battery. Participants were instructed to start at the beginning of the story and tell the examiner all they could remember. No visual cues were provided, thus no data were collected from the eye tracker because there was not visual stimuli.





2.3 Transcription

All narratives were transcribed verbatim from video by transcribers blind to group status using Systematic Analysis of Language Transcripts (SALT) (113) conventions. Both ELAN version 5.8 (114) and SALT were used as transcription software dependent on other needs for the data within the broader project through which these data were collected (e.g., use of transcripts synchronized with audio). Transcribers were trained to ≥80% training reliability on a minimum of 3 consecutive files on word-word agreement. Twenty nine percent of all Retell files were randomly selected with similar representation across groups for word-by-word reliability, and mean reliability was 95%. Transcripts were then processed through Linguistic Inquiry Word Count (LIWC) (115) to determine word count, excluding utterances spoken by the examiner, reformulations, and transcription notations and symbols.




2.4 Hand coding

The narrative coding scheme applied to First Telling and Retell narratives was adapted from prior work (3, 27, 110, 116, 117) and examines several key domains of narrative quality, as outlined below. The coding scheme was also applied in Nayar et al. (28).



2.4.1 Story structure

The presence of descriptions of key story elements were coded across the narrative, including the setting, plot instantiation, five search episodes, and resolution. Each present key story element was tallied, and scores were summed to create a total score for Story Components, with a range of possible scores from 0-8.

Setting. Descriptions of the initial story setting, such as the physical or temporal setting.

Plot Establishment. Mention of the story’s central search theme (i.e., the frog’s escape).

Search Episodes. Each of the story’s five central search episodes were assessed for presence. See Table 2 for descriptions of each story episode.

Resolution. Description of the frog being found.


Table 2 | Descriptions of the 5 search episodes.
	Search Episode
	Event



	1
	The boy and the dog search for the frog in the bedroom, and the dog falls out the window.


	2
	The boy looks in a hole for the frog and finds a gopher. The dog is chased by bees.


	3
	The boy searches for the frog in a tree and is chased by an owl.


	4
	The boy finds a deer, rides the deer with the dog, and they fall over a cliff.


	5
	The boy and dog land in a pond and look for the frog.










2.4.2 Thematic coherence

The establishment and maintenance of the theme were coded.

Theme Establishment. Initial description that the frog was missing or that the boy and dog were searching for the frog.

Theme Maintenance. Any additional description throughout Search Episodes 1–5 that the boy and dog were searching for the frog.




2.4.3 Evaluation

The use of evaluative devices in the narrative was assessed by examining descriptions of Affect and Cognition and Causal Explanations.

Affect and Cognition. Descriptions of Affective States and Behaviors and Cognitive States and Behaviors (see below) were summed and examined as percent of total word count. Additionally, Affective States and Behaviors and Cognitive States and Behaviors were examined as a percent of all descriptions of Affect and Cognition to assess the proportion of usage of affect compared to cognition.

Affective States and Behaviors. Descriptions of character’s emotions (e.g., happy, sad, scared) and behaviors related to their emotional states (e.g., smile, cower, kiss) were tallied.

Cognitive States and Behaviors. Descriptions of character’s thoughts and internal states (e.g., think, realize) and behaviors related to those cognitive states (e.g., escape, sneak, hide) were tallied.

Causal Explanations. Descriptions of Causal Explanations of Behaviors and Causal Explanations of Affect and Cognition (see below) were summed and examined as a percent of total word count. Causal explanations were coded for clear language used to denote causality, such as “because”. More subtle uses of causal language were also included, such as language markers including “so”, “since”, “as a result”, “in order to”, and “therefore”. Additionally, Causal Explanations of Behaviors and Causal Explanations of Affect and Cognition were examined as a percent of all descriptions of Causal Explanations to assess the proportion of the types of causality used by participants.

Causal Explanations of Behaviors. Descriptions of the cause or motivation of a behavior were tallied. For example, the following descriptions were coded:

“The boy was climbing to look in a tree because the frog could be there.”

	“The dog ran by the tree in order to get away from the owl.”



Causal Explanations of Affect and Cognition. Descriptions of the cause or motivation of an emotion or thought were tallied. For example, the follow descriptions were coded:

	“The boy was worried because the frog was lost.”

	“The dog was thinking that he should get away from the bees.”






2.4.4 Other codes

Narratives were additionally assessed for the presence of excessive detail and topic perseveration. Excessive detail was rated subjectively by coders by classifying utterances as ‘excessive’ or ‘not excessive’. Topic perseveration was coded when there were 3 or more mentions of one topic throughout the narrative.

For example, the follow utterances throughout one transcript were coded as topic perseveration:

	“Okay I was already wondering what the big boots were about.”

	“Now he’s looking in the big boots which look too big for him.”

	“Wow those boots are way too big for him.”

	“What is with the boots?”

	“I still can’t get over those boots those are so funny.”







2.5 Coding reliability

All files for the First Telling and Retell tasks were coded from the transcripts (described above) by coders blind to group status. Coders were trained to ≥80% training reliability on each code with an even representation from groups. Thirty-six percent of First Telling and 22% of Retell files were double coded for reliability. A larger sample of files were chosen for reliability in the First Telling given that it was the first application of the coding system, to ensure consistency across coders. Categorical variables were assessed using percent agreement, and continuous variables were assessed using intraclass correlation coefficients (ICCS; 118). ICCs from.5-.75 represent moderate agreement,.75-.9 represent good agreement, and >.9 represents excellent agreement (119). Percent agreement for categorical variables met or exceeded 80% across groups, except in the ASD group (76% for First Telling and 61% for Retell) and control group (75% for First Telling) for ratings of presence of setting. ICCs for continuous variables were greater than.76, indicating good to excellent agreement across codes.




2.6 Gaze procedures

Eye tracking was collected during the First Telling task on a Tobii T60 eye tracker. Gaze group differences have previously been published (28, 38). In the present paper, the principal component analyses (PCA) reported in Nayar et al. (28) from the First Telling were used for correlational analyses with Retell narratives. The PCA included variables characterizing the percentage of fixations to social (animate areas of interest; i.e., characters) and nonsocial (inanimate areas of interest; i.e., setting) stimuli, percentage of perseverative and regressive fixations within social and nonsocial stimuli, and percentage of fixation transitions between social and nonsocial stimuli. Higher scores on the PCA component indicated greater visual attention to social stimuli.




2.7 Analysis plan



2.7.1 Group differences

For continuous narrative variables, a series of 2 x 2 (group x narrative context) repeated-measure analysis of covariance (ANCOVA) were conducted for ASD, ASD sibling, and control groups, and repeated-measure analysis of variance (ANOVA) were applied for parent groups. Simple effects were assessed following significant or marginally significant interaction effects or main effects of group given the subclinical nature of the BAP and heterogeneity observed in ASD. For independent samples (i.e., parent groups, ASD compared to controls, ASD siblings compared to controls), one-way ANCOVAs were conducted. For dependent samples (i.e., ASD compared to ASD siblings), a series of linear mixed effects regression models were conducted with family included as a random effect using the lmer (120) package for R (R version 3.6.1). The presence or absence of narrative variables was analyzed using 2 x 2 chi-square tests or a Fisher’s exact test in instances where expected cell values were <5.

Covariates. When statistically possible to include a covariate, VIQ was included due to significant differences between the ASD group and the ASD sibling and control groups (Table 1), and known relations between language abilities and narrative in children (121). Groups were not significantly different on age or story length, as measured by word count; thus, these variables were not included as covariates. The autistic group did have a skewed sex ratio compared to other groups, with females being significantly less represented than males, though no sex differences were observed on the summary narrative variables (i.e., Story Components, Affect and Cognition, Causal Explanations) within the ASD group (ps >.78). Given no sex differences on summary narrative variables and a small sample of females in the autistic group (n = 8), sex was not included as a covariate. No covariates were applied to chi-square or Fisher’s exact test models due to limitations of the models. No covariates were included in parent analyses.




2.7.2 Relationships between first telling and retell tasks

A series of linear mixed effect models were conducted within each group, investigating the effect of First Telling narrative variables on the same variable in the Retell task. The lme4 package (120) was used to fit the model using R statistical software (version 3.6.1). Standardized beta values from the regression models were calculated. Models accounted for random effects within each individual.




2.7.3 Relationships between narrative quality in retell task and gaze

Exploratory Pearson correlations were conducted within each group to assess relationships between the main narrative variables (i.e., Story Components, Affect and Cognition, Causal Explanations) and the eye tracking component variable derived from the PCA.




2.7.4 Multiple comparisons

The Benjamini-Hochberg procedure (122) was used to adjust p-values for multiple comparisons in analyses using a false discovery rate of 0.10. Due to the novel investigation of narrative retelling in first-degree relatives without clinical diagnoses, as well as the potentially subtle nature of group-level differences in this subclinical population and heterogeneity seen in ASD, both Benjamini-Hochberg corrected and uncorrected p-values are reported to reduce Type 1 and Type 2 error, respectively. While correction for multiple comparisons reduces the risk of Type 1 error, findings that did not withstand corrections may still demonstrate meaningful patterns in subtle narrative differences. This approach provides a transparent and comprehensive view of the data while balancing sensitivity to potentially meaningful effects.






3 Results



3.1 Narrative differences across groups and contexts

Mean and standard deviations are reported in Table 3 and results are summarized below. See Figure 1.


Table 3 | Descriptive Statistics for Repeated Measures ANCOVA.
	Variables
	ASD
	ASD Siblings
	Controls
	ASD Parents
	Parent Controls


	First Telling
	Retell
	First Telling
	Retell
	First Telling
	Retell
	First Telling
	Retell
	First Telling
	Retell


	M (SD)
	M (SD)
	M (SD)
	M (SD)
	M (SD)
	M (SD)
	M (SD)
	M (SD)
	M (SD)
	M (SD)



	Story Components Present
	7.78(.42)
	7.54(.78)
	7.07(1.42)
	6.46(2.03)
	7.67(.88)
	7.20(1.24)
	7.65(.68)
	7.43(.87)
	7.83(.42)
	7.41(.89)


	Affect/Cognitiona
	5.06(1.42)
	5.13(1.27)
	5.16(1.83)
	4.85(1.74)
	5.99(1.41)
	5.08(1.24)
	5.53(1.51)
	4.36(1.05)
	5.50(1.45)
	4.82(1.39)


	Causal Explanationsa
	.99(.70)
	.97(.60)
	.89(.95)
	.81(.68)
	1.40(.64)
	.96(.68)
	1.10(.59)
	.84(.56)
	1.20(.69)
	.84(.53)


	Causal Explanations of Affect/Cognitionb
	55.61(29.05)
	45.07(33.46)
	49.71(38.91)
	34.80(34.20)
	53.76(25.24)
	37.76(36.90)
	53.99(29.39)
	62.56(32.41)
	62.35(24.89)
	68.26(32.38)


	Causal Explanations of Behaviorb
	44.39(29.05)
	54.93(33.46)
	50.29(42.77)
	65.20(34.20)
	46.24(25.24)
	62.24(36.90)
	46.01(29.39)
	37.33(32.41)
	37.65(24.89)
	31.74(32.38)


	Affective States and Behaviorsc
	19.02(11.04)
	19.27(9.11)
	15.84(13.43)
	15.08(14.45)
	19.02(7.94)
	12.92(10.32)
	21.05(10.17)
	19.15(12.35)
	19.34(8.61)
	18.08(10.15)


	Cognitive States and Behaviorsc
	80.98(11.04)
	80.73(9.11)
	84.16(13.43)
	84.92(14.45)
	80.98(7.94)
	87.08(10.32)
	78.95(10.17)
	80.85(12.35)
	80.66(8.61)
	81.92(10.15)






a Variables are calculated as a percent of total word count.

b Variables are calculated as a percent of Causal Explanations.

c Variables are calculated as a percent of Affect/Cognition.




[image: Graphs comparing story components, affect/cognition, and causal explanations between ASD, control, and sibling groups, as well as parent groups. Panels (A) and (D) show story components present, (B)and (E) show affect/cognition, and (C) and (F) show causal explanations as a percentage of words. Significant differences are marked, indicating variations in first telling versus retelling across groups.]
Figure 1 | Narrative patterns depicting (A) Number of key elements included in the narratives of the ASD, ASD Sibling, and Control groups; (B) Frequency of descriptions of the character’s thoughts and feelings in the ASD, ASD Sibling, and Control groups; (C) Frequency of descriptions of causal explanations of affect, cognition, or behavior in the ASD, ASD Sibling, and Control groups; (D) Number of key elements included in the narratives of ASD Parent and Control Parent groups; (E) Frequency of descriptions of the character’s thoughts and feelings in the ASD Parent and Control Parent groups; (F) Frequency of descriptions of causal explanations of affect, cognition, or behavior in the ASD Parent and Control Parent groups. ** indicates p < .01.



3.1.1 ASD vs. control groups

There was a significant interaction effect between diagnostic group and context for Story Components (F(1, 100) = 4.66, p = .033, ηp2 = .04, adjusted p = .223), with both groups including a similar number of story components in the First Telling (F(1, 102) = 0.56, p = .446, ηp2 = .01, adjusted p = .741), and the ASD group using marginally fewer story components in the Retell task (F(1, 100) = 2.92, p = .091, ηp2 = .03, adjusted p = .443). Main effects of group emerged for Affect and Cognition (F(1, 100) = 7.99, p = .006, ηp2 = .07, adjusted p = .069), and Causal Explanations (F(1, 100) = 3.99, p = .049, ηp2 = .04, adjusted p = .306), with the autistic group using fewer descriptions in the First Telling than the control group (Affect and Cognition: F(1, 102) = 12.51, p = .001, ηp2 = .11, adjusted p = .020; Causal Explanations: F(1, 102) = 7.09, p = .009, ηp2 = .07, adjusted p = .089), and there were no differences in the Retell task (Affect and Cognition: F(1, 100) = 1.66, p = .201, ηp2 = .02, adjusted p = .578; Causal Explanations: F(1, 100) = 0.46, p = .500, ηp2 = .01, adjusted p = .779). In the Retell task, the ASD group was more likely to omit the setting (χ2(1) = 14.19, p <.001, adjusted p = .020) and search episode 5 (χ2(1) = 5.35, p = .021, adjusted p = .170) compared to the control group. When examining the number of participants who excluded a description of the setting in the Retell task, 29.6% of the autistic group (16 participants) omitted the setting compared to only 2% of the control group (1 participant).




3.1.2 ASD vs. ASD sibling groups

A main effect of narrative context emerged for Story Components (F(1, 92) = 9.59, p = .003, ηp2 = .09, adjusted p = .046), with both groups including fewer Story Components in the Retell task compared to the First Telling. There was a significant group by context interaction effect for Causal Explanations of Behavior (F(1, 65) = 6.37, p = .014, ηp2 = .09, adjusted p = .121) and Causal Explanations of Affect and Cognition (F(1, 65) = 6.37, p = .014, ηp2 = .09, adjusted p = .121), characterized by the ASD group using more Causal Explanations of Behavior in the Retell task, and the opposite pattern emerging in the ASD sibling group, though simple effects within tasks were not significant (unadjusted ps >.09). There was a main effect of context for Affective States and Behaviors (F(1, 92) = 12.18, p <.001, ηp2 = .12, adjusted p = .020) and Cognitive States and Behaviors (F(1, 92) = 12.18, p <.001, ηp2 = .12, adjusted p = .020), revealing that both groups used more descriptions of affect in the First Telling task and more descriptions of cognition in the Retell task.




3.1.3 ASD sibling vs. control groups

A main effect of narrative context emerged for Story Components (F(1, 87) = 12.38, p <.001, ηp2 = .13, adjusted p = .020), with both groups including fewer Story Components in the Retell task compared to the First Telling. There was a significant interaction effect between group and narrative context for Affect and Cognition (F(1, 87) = 7.53, p = .007, ηp2 = .08, adjusted p = .074), with the ASD sibling group using significantly less Affect and Cognition in the First Telling than the control group (F(1, 88) = 9.77, p = .002, ηp2 = .10, adjusted p = .035), while groups used comparable amounts of Affect and Cognition in the Retell task [F(1, 87) = 0.03, p = .868, ηp2 = .00, adjusted p = 1.007]. Though the group by context interaction was only marginal for Causal Explanations (F(1, 87) = 3.92, p = .051, ηp2 = .04, adjusted p = .306), simple effects revealed a similar pattern to Affect and Cognition, with the ASD sibling group using significantly fewer descriptions of Causal Explanation in the First Telling compared to the control group (F(1, 88) = 10.78, p = .001, ηp2 = .11, adjusted p = .020) and no differences in the Retell task (F(1, 87) = 0.07 p = .795, ηp2 = .00, adjusted p = .967). There was a significant interaction effect for Causal Explanations of Behaviors (F(1, 73) = 4.66, p = .034, ηp2 = .06, adjusted p = .223) and Causal Explanations of Affect and Cognition (F(1, 87) = 4.66, p = .034, ηp2 = .06, adjusted p = .223), characterized by the control group using more Causal Explanations of Affect and Cognition in the First Telling task and more Causal Explanations of Behavior in the Retell task, with the opposite pattern emerging in the ASD sibling group, though differences within tasks did not meet thresholds for significance (F(1, 88) = 1.08, p = .301, ηp2 = .01, adjusted p = .716). A main effect of context for Affective States and Behaviors (F(1, 87) = 8.08, p = .006, ηp2 = .09, adjusted p = .069) and Cognitive States and Behaviors (F(1, 87) = 8.08, p = .006, ηp2 = .09, adjusted p = .069) revealed that both groups used more descriptions of affect in the First Telling task and more descriptions of cognition in the Retell task. The ASD sibling group was significantly less likely to include the setting in the Retell task compared to the control group (p = .001, adjusted p = .020).02% of the control group (1 participant) omitted the setting compared to 21.9% of the ASD sibling group (9 participants).




3.1.4 ASD parent vs. control parent groups

A significant interaction emerged for Affect and Cognition [F(1, 213) = 4.29, p = .040, ηp2 = .02, adjusted p = .245], where groups used similar amounts of Affect and Cognition in the First Telling (F(1, 220) = .001, p = .974, ηp2 = .00, adjusted p = 1.00), and post-hoc tests revealed that the parent control group used significantly more Affect and Cognition in the Retell task than ASD parents (F(1, 213) = 6.71, p = .010, ηp2 = .03, adjusted p = .118). Story Components (F(1, 213) = 19.19, p <.001, ηp2 = .08, adjusted p = .002) and Causal Explanations (F(1, 213) = 33.78, p <.001, ηp2 = .14, adjusted p = .002) had a main effect of context, where both groups included more Story Components and Causal Explanations in the First Telling than Retell task. A main effect of context emerged for Causal Explanations of Behaviors (F(1, 181) = 6.43, p = .012, ηp2 = .03, adjusted p = .118), and Causal Explanations of Affect and Cognition (F(1, 181) = 6.43, p = .012, ηp2 = .03, adjusted p = .118), characterized by both groups using more Causal Explanations of Affect and Cognition in the First Telling and more Causal Explanations of Behavior in the Retell task.





3.2 Relationships between first telling and retell tasks

Results are reported in Table 4 and are summarized below.


Table 4 | Associations between First Telling and Retell Task.
	First Telling
	Group
	Retell


	Story Components
	Affect/Cognition
	Causal Explanations


	p
	β
	p
	β
	p
	β



	Story Components
	ASD
	.012
	.32
	.100
	.15
	.675
	-.06


	ASD Siblings
	.026
	.31
	.694
	-.04
	.934
	-.01


	Controls
	<.001
	.53
	.068
	.21
	.080
	-.26


	ASD Parents
	.012
	.21
	.797
	-.01
	.878
	-.01


	Parent Controls
	.704
	-.05
	.276
	-.13
	.471
	-.09


	Affect/
Cognition
	ASD
	.934
	.01
	<.001
	.66
	.006
	.45


	ASD Siblings
	.209
	.17
	<.001
	.73
	.063
	.32


	Controls
	.109
	.23
	<.001
	.61
	.458
	.12


	ASD Parents
	.170
	.12
	<.001
	.61
	.195
	.12


	Parent Controls
	.200
	.02
	.004
	.39
	.234
	.26


	Causal Explanations
	ASD
	.006
	.41
	.122
	.16
	.744
	.05


	ASD Siblings
	.610
	.07
	.467
	-.08
	.254
	.18


	Controls
	.134
	-.21
	.622
	-.06
	.075
	.29


	ASD Parents
	.341
	.08
	.739
	.02
	.015
	.21


	Parent Controls
	.269
	.21
	.125
	.20
	.013
	.34





Bolded values indicate that the finding withheld Benjamini Hochberg corrections.

β indicates standardized beta.





3.2.1 ASD, ASD sibling and control groups

In all groups, Story Components in the First Telling predicted Story Components in the Retell task (ASD: p = .012, β = .32, adjusted p = .046; ASD Siblings: p = .026, β = .31, adjusted p = .088; Controls: p <.001, β = .53, adjusted p <.001), and Affect and Cognition in the First Telling predicted Affect and Cognition in the Retell task (ASD: p <.001, β = .66, adjusted p <.001; ASD Siblings: p <.001, β = .73, adjusted p <.001; Controls: p <.001, β = .61, adjusted p <.001). In autistic individuals, Affect and Cognition in the First Telling predicted Causal Explanations in the Retell task (p = .006, β = .45, adjusted p = .027), and Causal Explanations in the First Telling predicted Story Components in the Retell task (p = .006, β = .41, adjusted p = .026). Surprisingly, Causal Explanations in the First Telling did not predict Causal Explanations in the Retell task (unadjusted ps >.06).




3.2.2 Parent groups

In ASD parents, Story Components in the First Telling predicted Story Components in the Retell task (p = .012, β = .21, adjusted p = .054), though this was not significant in the Parent Control group (p = .704, β = -.05, adjusted p = .831). In both parent groups, Affect and Cognition in the First Telling predicted Affect Cognition in the Retell task (ASD Parents: p <.001, β = .61, adjusted p = .002; Parent Controls: p = .004, β = .39, adjusted p = .036), and Causal Explanations in the First Telling predicted Causal Explanations in the Retell task (ASD Parents: p = .015, β = .21, adjusted p = .054; Parent Controls: p = .013, β = .34, adjusted p = .054).





3.3 Relationships between narrative retell and gaze



3.3.1 ASD, ASD sibling, and control groups

There were no associations between narrative ability and the PCA-derived gaze component, where higher ratings on the PCA indicated more social visual attention (rs <.17, unadjusted ps >.37).




3.3.2 Parent groups

There were no associations between narrative ability and the PCA-derived gaze component indicating social attention (rs > -.19, unadjusted ps >.15).






4 Discussion

The present study examined narrative abilities across contexts varying in structure among autistic individuals, ASD siblings, ASD parents, and respective control groups. Building on prior work, a detailed narrative hand coding scheme was applied to characterize narrative recall ability in autistic individuals and their first-degree relatives (i.e., parents and siblings). As previously discussed, little is known concerning the potential convergence of subclinical broader phenotypes in clinically unaffected siblings and parents, particularly in higher order social communication skills such as narrative and other pragmatic abilities, due to the focus on earlier development periods in the ASD sibling research. Results support prior literature identifying narrative differences impacted by context, while unexpectedly, they did not reveal an influence of visual attention on narrative retellings. Additionally, results demonstrated that patterns of narrative strengths and weaknesses in ASD were partially mirrored among siblings, while ASD parents resembled control parents, suggesting that narrative quality in the BAP may change throughout development.

This study examined which key story elements (i.e., setting, plot instantiation, search episodes, resolution) were omitted during the Retell task, and whether differential patterns emerged across groups. Findings from Nayar et al. (28) demonstrated that the ASD siblings were more likely to omit the setting in the First Telling compared to the ASD and control groups. Similarly, ASD siblings and individuals with ASD were more likely to omit the setting in the Retell task compared to controls, suggesting less attention to setting elements during the initial narrative, or differences in interpretation of such stimuli such that they were deemed less relevant to the overall story when producing the retell. Previous research examining setting establishment in narratives has been mixed in ASD. Studies with younger samples have reported no differences (39, 44, 123), while others with adult samples found reduced likelihood of mentioning the setting (41). Further examination of transcripts from the Retell task revealed that participants who omitted descriptions of the setting tended to skip ahead in the story, focusing on the story theme (i.e., search for the missing frog) or jumping directly into search-related activities (e.g., search episode 1, looking for the frog in the bedroom). For instance, two participants who did not establish the setting began their stories with, “the boy lost his frog”, and “the frog got outside”, without describing the temporal or physical setting/context of the story. A lack of attention to establishing the setting of the narrative in the retell result in limited narrative grounding for the listener, and may reflect challenges with narrative planning and organization (24, 124) among autistic individuals and siblings.

We predicted that the quality of narratives would decrease in the less structured recall context due to reduced visual support and increased cognitive demand, consistent with past work (26, 27, 38), and this pattern was confirmed in controls. For instance, individuals in the control group used more descriptions of affect and cognition in the more structured context (First Telling) and exhibited a decline in the less structured context (Retell). In contrast, autistic individuals and their clinically unaffected siblings produced narratives of similar quality across contexts, with diminished narrative quality in the ASD group appearing only in mention of key story components. This lack of decline across contexts may stem from between-group variability, as ASD and ASD sibling groups exhibited lower narrative quality than other groups in the structured context for descriptions of affect, cognition, and causal explanations. Indeed, this pattern of results aligns with findings from Losh and Capps (27), where autistic individuals used similar amounts of descriptions of affect, cognition, and causality across contexts. However, while controls in Losh and Capps (27) provided more of these descriptions in the less-structured context, the opposite pattern observed in the present study. These findings highlight that the control group may have modulated the form and content of their narrative depending on the demands of the discourse context, while the narratives from the ASD and ASD sibling groups were less context sensitive. The ASD and sibling groups may also have focused more on individual components of the story, while controls maintained the overall gist of the story, reflecting differences in central coherence.

This study found that all groups provided more descriptions of the character’s emotions in the First Telling and more descriptions of the character’s cognitive states in the Retell task, suggesting that the child groups initially focused on emotions but shifted towards cognitive states with repeated exposure. This pattern may reflect deeper processing during retelling, where greater attention is given to the characters’ thoughts. The lack of differences in parent groups may indicate that by adulthood, emotional and cognitive elements may be more integrated into a narrative. Additionally, this study examined the types of causal explanations linking a characters’ thoughts, emotions, or actions. Contrary to prior literature demonstrating reduced causal explanations in autistic individuals, this study found that autistic individuals and controls provided more causal explanations for behavior than ASD siblings, whereas ASD siblings offered more explanations for emotions and thoughts (23, 24, 27). This suggests that ASD siblings may have a relative strength in elaborating on emotional and cognitive states. Autistic individuals, particularly in the less structured Retell task, retained a strong grasp of the initial narrative and motivations behind characters actions. This ability to bridge the two contexts—applying causal reasoning in unstructured retelling—suggests a nuanced narrative capacity that may not be fully captured by studies focusing only on more structured tasks.

Finally, whereas prior work has shown that visual attention patterns are related to narrative quality in ASD and parents during simultaneous viewing and storytelling (28, 38), the current study found that no significant relationships were detected between social vs nonsocial visual attentional patterns during the First Telling and the content or quality of narratives during the Retell task in any group. It may be that gaze patterns captured during the First Telling may be too detached from the narrative content in the Retell task when analyzed using broad patterns of looking (e.g., time spent on social compared to non-social areas of interest). Similarly, a shift in attentional focus may have rendered initial gaze patterns less relevant for narrative recall. Additionally, the cognitive demands of the Retell task, which involve more memory retrieval and narrative organization, could diverge from the more immediate processing required during the First Telling. It is also possible that the gaze variables included were insufficient for capturing the most relevant attentional patterns related to narrative encoding as measured by our narrative retell coding scheme. To more precisely elucidate gaze-narrative relationships across contexts, future work should focus on more refined analyses of visual attention, such as synchronized analyses between language production and attentional focus.




5 Conclusions

In summary, findings contribute to literature on narrative ability in ASD by examining recall ability in relationship to first telling narratives and visual attention in ASD, siblings, and parents. These findings help to clarify the presentation of narrative ability across development and different first-degree relatives. Specifically, the study highlights a partially overlapping profile of narrative ability in individuals with ASD and their siblings, with both groups demonstrating similar patterns of narrative quality across contexts in contrast to controls who show the expected decline in narrative quality between structured and unstructured contexts. Results also underscore the importance of considering contextual factors in influencing narrative performance. Notably, while individuals with ASD and their siblings exhibited broadly comparable narrative profiles, siblings were more likely to include causal explanations for emotions and thoughts, pointing to a potential area of relative strength in the BAP. These findings suggest that the narrative ability in ASD siblings may not be as impacted as in individuals with ASD, but still reveals subtle differences that may reflect the broader genetic and developmental influences associated with ASD.




6 Limitations and future directions

Future work utilizing more naturalistic narrative contexts with increased social and cognitive demands, such as semi-structured conversations (e.g., 125, 126) may better capture how narrative ability is impacted in daily life and may reveal more nuanced subclinical differences in narratives among first-degree relatives of individuals with ASD. Longitudinal studies would be particularly valuable to understand how narrative abilities evolve across different developmental stages in both ASD and ASD sibling groups, particularly in light of the present findings highlighting some subtle differences in affective versus cognitive word use in child versus parent groups. Additionally, while this study was designed to explore familial patterns of narrative ability, similarities observed between groups may reflect not only shared genetic influences, but also shared environmental factors (e.g., parenting style). However, prior work has demonstrated that certain language traits are evident in parents even before having a child with autism (127), and early in development for siblings of autistic individuals (67, 70) and that language traits are associated with elevated polygenic risk for ASD (128), supporting a genetic influence on pragmatic skills. The present study was limited by a small sample size of females with ASD and thus sex differences were not examined. Given known sex-based narrative differences, such as increased use of descriptions of character’s thoughts and emotions in females (129, 130), it will be important for future work to consider differential patterns among males and females. The analyses in this manuscript were guided by a priori hypotheses across several theoretically- and empirically-motivated domains, requiring multiple comparisons both to replicate and expand upon prior work. Given the novel additions to this study—particularly examining the relationship between visual attention and narrative retelling in first-degree relatives without a clinical diagnosis—these findings represent an initial exploration of an understudied area. While statistical controls were applied (i.e., Benjamini-Hochberg corrections), the results warranted cautious interpretation, and replication in larger, independent samples is necessary to confirm the robustness and generalizability of these effects. Finally, future work examining narrative retellings should assess executive functioning skills (e.g., organization, planning, self-monitoring, working memory), learning and memory profiles (e.g., short term versus long-term visual and verbal memory), and attention to better elucidate the underlying neuropsychological processes that play a role in encoding, consolidating, and recalling stories.





Data availability statement

The data supporting the conclusions of this article will be made available by the authors upon request.





Ethics statement

The studies involving humans were approved by Northwestern University Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.





Author contributions

EL: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Visualization, Writing – original draft, Writing – review & editing. KN: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Supervision, Validation, Writing – review & editing. GM: Conceptualization, Methodology, Supervision, Writing – review & editing. CS: Conceptualization, Data curation, Investigation, Methodology, Writing – review & editing. JX: Conceptualization, Investigation, Writing – review & editing. JG: Conceptualization, Methodology, Project administration, Writing – review & editing. JL: Conceptualization, Methodology, Supervision, Writing – review & editing. ML: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This research was supported by grants from the National Institutes of Health (R01DC010191, R03MH079998, R01MH091131), the National Science Foundation (BCS-0820394), and P30HD003110.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 5th ed. Washington, DC: American Psychiatric Publishing. (2013). doi: 10.1176/appi.books.9780890425596.


	 Baixauli I, Colomer C, Roselló B, Miranda A. Narratives of children with high-functioning autism spectrum disorder: A meta-analysis. Res Dev Disabil. (2016) 59:234–54. doi: 10.1016/j.ridd.2016.09.007, PMID: 27643571


	 Berman RA, Slobin DI. Relating Events in Narrative: A Crosslinguistic Developmental Study. Mahwah NJ: Lawrence Erlbaum (1994).


	 Bruner J. The narrative construction of reality. Crit Inq. (1991) 18:1–21. doi: 10.1086/448619


	 Eder D. Building cohesion through collaborative narration. Soc Psychol Q. (1988) 51:225–35. doi: 10.2307/2786921


	 von Klitzing K, Stadelmann S, Perren S. Story stem narratives of clinical and normal kindergarten children: Are content and performance associated with children’s social competence? Attachment Hum Dev. (2007) 9:271–86. doi: 10.1080/14616730701455445, PMID: 18058434


	 Applebee AN. The child’s concept of story: Ages two to seventeen. (1978).


	 Black JB, Turner TJ, Bower GH. Point of view in narrative comprehension, memory, and production. J Verbal Learn Verbal Behav. (1979) 18:187–98. doi: 10.1016/S0022-5371(79)90118-X


	 Brainerd CJ, Reyna VF. Fuzzy-trace theory and children’s false memories. J Exp Child Psychol. (1998) 71:81–129. doi: 10.1006/jecp.1998.2464, PMID: 9843617


	 Brezis RS. Memory integration in the autobiographical narratives of individuals with autism. Front Hum Neurosci. (2015) 9:76. doi: 10.3389/fnhum.2015.00076, PMID: 25741270


	 Duinmeijer I, de Jong J, Scheper A. Narrative abilities, memory and attention in children with a specific language impairment. Int J Lang Communication Disord. (2012) 47:542–55. doi: 10.1111/j.1460-6984.2012.00164.x, PMID: 22938065


	 Hewitt LE. Narrative as a critical context for advanced language development in autism spectrum disorder. Perspect ASHA Special Interest Groups. (2019) 4:430–7. doi: 10.1044/2019_PERS-SIG1-2018-0021


	 Van der Kolk BA, Fisler R. Dissociation and the fragmentary nature of traumatic memories: Overview and exploratory study. J Traumatic Stress. (1995) 8:505–25. doi: 10.1002/jts.2490080402, PMID: 8564271


	 Fivush R, Habermas T, Waters TEA, Zaman W. The making of autobiographical memory: Intersections of culture, narratives and identity. Int J Psychol. (2011) 46:321–45. doi: 10.1080/00207594.2011.596541, PMID: 22044305


	 Nelson K, Fivush R. The emergence of autobiographical memory: a social cultural developmental theory. psychol Rev. (2004) 111:486. doi: 10.1037/0033-295X.111.2.486, PMID: 15065919


	 Ochs E, Capps L. Narrating the self. Annu Rev Anthropology. (1996) 25:19–43. doi: 10.1146/annurev.anthro.25.1.19


	 Schechtman M. The Constitution of Selves. Ithaca. NY: Cornell University (1996).


	 Losh M, Capps L. Understanding of emotional experience in autism: insights from the personal accounts of high-functioning children with autism. Dev Psychol. (2006) 42:809. doi: 10.1037/0012-1649.42.5.809, PMID: 16953688


	 Mar RA. The neuropsychology of narrative: Story comprehension, story production and their interrelation. Neuropsychologia. (2004) 42:1414–34. doi: 10.1016/j.neuropsychologia.2003.12.016, PMID: 15193948


	 Cameron CA, Hunt AK, Linton MJ. Medium effects on children’s story rewriting and story retelling. First Lang. (1988) 8:3–18. doi: 10.1177/014272378800802201


	 Fey ME, Catts HW, Larrivee LS. Preparing preschoolers for the academic and social challenges of school. (1995) 3–38.


	 Zajic MC, Solari EJ, Grimm RP, McIntyre NS, Mundy PC. Relationships between reading profiles and narrative writing abilities in school-age children with autism spectrum disorder. Reading Writing. (2020) 33:1531–56. doi: 10.1007/s11145-020-10015-7


	 Capps L, Losh M, Thurber C. The frog ate the bug and made his mouth sad”: Narrative competence in children with autism. J Abnormal Child Psychol. (2000) 28:193–204. doi: 10.1023/A:1005126915631, PMID: 10834770


	 Diehl JJ, Bennetto L, Young EC. Story recall and narrative coherence of high-functioning children with autism spectrum disorders. J Abnormal Child Psychol. (2006) 34:83–98. doi: 10.1007/s10802-005-9003-x, PMID: 16485176


	 Ferretti F, Adornetti I, Chiera A, Nicchiarelli S, Valeri G, Magni R, et al. Time and narrative: an investigation of storytelling abilities in children with autism spectrum disorder. Front Psychol. (2018) 9:944. doi: 10.3389/fpsyg.2018.00944, PMID: 29971024


	 Losh M, Gordon PC. Quantifying narrative ability in autism spectrum disorder: A computational linguistic analysis of narrative coherence. J Autism Dev Disord. (2014) 44:3016–25. doi: 10.1007/s10803-014-2158-y, PMID: 24915929


	 Losh M, Capps L. Narrative ability in high-functioning children with autism or Asperger’s syndrome. J Autism Dev Disord. (2003) 33:239–51. doi: 10.1023/A:1024446215446, PMID: 12908827


	 Nayar K, Landau E, Martin GE, Stevens CJ, Xing J, Sophia P, et al. Narrative ability in autism and first-degree relatives. J Autism Dev Disord. (2024), 1–16. doi: 10.1007/s10803-024-06424-0, PMID: 39060703


	 Bang J, Burns J, Nadig A. Brief report: Conveying subjective experience in conversation: Production of mental state terms and personal narratives in individuals with high functioning autism. J Autism Dev Disord. (2013) 43:1732–40. doi: 10.1007/s10803-012-1716-4, PMID: 23179342


	 Lee M, Martin GE, Hogan A, Hano D, Gordon PC, Losh M. What’s the story? A computational analysis of narrative competence in autism. Autism. (2018) 22:335–44. doi: 10.1177/1362361316677957, PMID: 28095705


	 Siller M, Swanson MR, Serlin G, Teachworth AG. Internal state language in the storybook narratives of children with and without autism spectrum disorder: Investigating relations to theory of mind abilities. Res Autism Spectr Disord. (2014) 8:589–96. doi: 10.1016/j.rasd.2014.02.002, PMID: 24748899


	 Goldman S. Brief report: Narratives of personal events in children with autism and developmental language disorders: Unshared memories. J Autism Dev Disord. (2008) 38:1982–8. doi: 10.1007/s10803-008-0588-0, PMID: 18512137


	 Loveland KA, McEvoy RE, Tunali B, Kelley ML. Narrative story telling in autism and Down’s syndrome. Br J Dev Psychol. (1990) 8:9–23. doi: 10.1111/j.2044-835X.1990.tb00818.x


	 Prud’hommeaux E, Rouhizadeh M. Automatic detection of pragmatic deficits in children with autism. Workshop Child Comput Interaction. (2012) 2012:1., PMID: 28691126


	 Rouhizadeh M, Prud’Hommeaux E, Van Santen J, Sproat R. (2015). Measuring idiosyncratic interests in children with autism, in: Proceedings of the Conference. Association for Computational Linguistics. Meeting, , Vol. 2015. p. 212., PMID: 29217874


	 Hilvert E, Davidson D, Gámez PB. Examination of script and non-script based narrative retellings in children with autism spectrum disorders. Res Autism Spectr Disord. (2016) 29:79–92. doi: 10.1016/j.rasd.2016.06.002


	 Tager-Flusberg H, Sullivan K. Attributing mental states to story characters: A comparison of narratives produced by autistic and mentally retarded individuals. Appl Psycholinguistics. (1995) 16:241–56. doi: 10.1017/S0142716400007281


	 Lee M, Nayar K, Maltman N, Hamburger D, Martin GE, Gordon PC, et al. Understanding social communication differences in Autism Spectrum Disorder and first-degree relatives: A study of looking and speaking. J Autism Dev Disord. (2020) 50:2128–41. doi: 10.1007/s10803-019-03969-3, PMID: 30864059


	 Tager-Flusberg H. ‘Once upon a ribbit’: Stories narrated by autistic children. Br J Dev Psychol. (1995) 13:45–59. doi: 10.1111/j.2044-835X.1995.tb00663.x


	 Arnold JE, Bennetto L, Diehl JJ. Reference production in young speakers with and without autism: Effects of discourse status and processing constraints. Cognition. (2009) 110:131–46. doi: 10.1016/j.cognition.2008.10.016, PMID: 19111285


	 Barnes JL, Baron-Cohen S. The big picture: Storytelling ability in adults with autism spectrum conditions. J Autism Dev Disord. (2012) 42:1557–65. doi: 10.1007/s10803-011-1388-5, PMID: 22042307


	 Begeer S, Malle BF, Nieuwland MS, Keysar B. Using theory of mind to represent and take part in social interactions: Comparing individuals with high-functioning autism and typically developing controls. Eur J Dev Psychol. (2010) 7:104–22. doi: 10.1080/17405620903024263


	 Carlsson E, Åsberg Johnels J, Gillberg C, Miniscalco C. Narrative skills in primary school children with autism in relation to language and nonverbal temporal sequencing. J Psycholinguistic Res. (2020) 49:475–89. doi: 10.1007/s10936-020-09703-w, PMID: 32285245


	 Estigarribia B, Martin GE, Roberts JE, Spencer A, Gucwa A, Sideris J. Narrative skill in boys with fragile X syndrome with and without autism spectrum disorder. Appl Psycholinguistics. (2011) 32:359–88. doi: 10.1017/S0142716410000445, PMID: 21516264


	 Heilmann J, Miller JF, Nockerts A, Dunaway C. Properties of the narrative scoring scheme using narrative retells in young school-age children. American Journal of Speech-Language Pathology. (2010) 19:154–66. doi: 10.1044/1058-0360(2009/08-0024), PMID: 20008470


	 Rouhizadeh M, Sproat R, Van Santen J. (2015). Similarity measures for quantifying restrictive and repetitive behavior in conversations of autistic children, in: Proceedings of the Conference. Association for Computational Linguistics. North American Chapter. Meeting, , Vol. 2015. p. 117., PMID: 28691123


	 Crais ER, Lorch N. Oral narratives in school-age children. In: Topics in Language Disorders. New York, NY: Aspen Publishers, Inc.  (1994).


	 Gummersall DM, Strong CJ. Assessment of complex sentence production in a narrative context. Language Speech Hearing Serv Schools. (1999) 30:152–64. doi: 10.1044/0161-1461.3002.152, PMID: 27764277


	 Westby C. Narrative analysis. Best Practices School Speech-Language Pathol. (1992), 53–64.


	 Bailey A, Le Couteur A, Gottesman I, Bolton P, Simonoff E, Yuzda E, et al. Autism as a strongly genetic disorder: evidence from a British twin study. psychol Med. (1995) 25:63–77. doi: 10.1017/S0033291700028099, PMID: 7792363


	 Folstein S, Rutter M. Genetic influences and infantile autism. Nature. (1977) 265:726–8. doi: 10.1038/265726a0, PMID: 558516


	 Hallmayer J, Cleveland S, Torres A, Phillips J, Cohen B, Torigoe T, et al. Genetic heritability and shared environmental factors among twin pairs with autism. Arch Gen Psychiatry. (2011) 68:1095–102. doi: 10.1001/archgenpsychiatry.2011.76, PMID: 21727249


	 Ronald A, Hoekstra RA. Autism spectrum disorders and autistic traits: a decade of new twin studies. Am J Med Genet Part B: Neuropsychiatr Genet. (2011) 156:255–74. doi: 10.1002/ajmg.b.31159, PMID: 21438136


	 Sandin S, Lichtenstein P, Kuja-Halkola R, Larsson H, Hultman CM, Reichenberg A. The familial risk of autism. JAMA. (2014) 311:1770–7. doi: 10.1001/jama.2014.4144, PMID: 24794370


	 Steffenburg S, Gillberg C, Hellgren L, Andersson L, Gillberg IC, Jakobsson G, et al. A twin study of autism in Denmark, Finland, Iceland, Norway and Sweden. J Child Psychol Psychiatry. (1989) 30:405–16. doi: 10.1111/j.1469-7610.1989.tb00254.x, PMID: 2745591


	 Tick B, Bolton P, Happé F, Rutter M, Rijsdijk F. Heritability of autism spectrum disorders: a meta-analysis of twin studies. J Child Psychol Psychiatry. (2016) 57:585–95. doi: 10.1111/jcpp.12499, PMID: 26709141


	 Bernier R, Gerdts J, Munson J, Dawson G, Estes A. Evidence for broader autism phenotype characteristics in parents from multiple-incidence autism families. Autism Res. (2012) 5:13–20. doi: 10.1002/aur.226, PMID: 21905246


	 Losh M, Childress D, Lam K, Piven J. Defining key features of the broad autism phenotype: A comparison across parents of multiple-and single-incidence autism families. Am J Med Genet Part B: Neuropsychiatr Genet. (2008) 147:424–33. doi: 10.1002/ajmg.b.30612, PMID: 17948871


	 Losh M, Adolphs R, Poe MD, Couture S, Penn D, Baranek GT, et al. Neuropsychological profile of autism and the broad autism phenotype. Arch Gen Psychiatry. (2009) 66:518–26. doi: 10.1001/archgenpsychiatry.2009.34, PMID: 19414711


	 Losh M, Piven J. Social-cognition and the broad autism phenotype: Identifying genetically meaningful phenotypes. J Child Psychol Psychiatry. (2007) 48:105–12. doi: 10.1111/j.1469-7610.2006.01594.x, PMID: 17244276


	 Piven J, Palmer P, Jacobi D, Childress D, Arndt S. Broader autism phenotype: evidence from a family history study of multiple-incidence autism families. Am J Psychiatry. (1997) 154:185–90. doi: 10.1176/ajp.154.2.185, PMID: 9016266


	 Sasson NJ, Lam KSL, Parlier M, Daniels JL, Piven J. Autism and the broad autism phenotype: familial patterns and intergenerational transmission. J Neurodev Disord. (2013) 5:1–7. doi: 10.1186/1866-1955-5-11, PMID: 23639131


	 Landa R, Folstein SE, Isaacs C. Spontaneous narrative-discourse performance of parents of autistic individuals. J Speech Language Hearing Res. (1991) 34:1339–45. doi: 10.1044/jshr.3406.1339, PMID: 1787716


	 Ben-Yizhak N, Yirmiya N, Seidman I, Alon R, Lord C, Sigman M. Pragmatic language and school related linguistic abilities in siblings of children with autism. J Autism Dev Disord. (2011) 41:750–60. doi: 10.1007/s10803-010-1096-6, PMID: 20844942


	 Gangi DN, Hill MM, Maqbool S, Young GS, Ozonoff S. Measuring social-communication difficulties in school-age siblings of children with autism spectrum disorder: Standardized versus naturalistic assessment. Autism Res. (2021) 14:1913–22. doi: 10.1002/aur.2531, PMID: 34008921


	 Greenslade KJ, Utter EA, Landa RJ. Predictors of pragmatic communication in school-age siblings of children with ASD and low-risk controls. J Autism Dev Disord. (2019) 49:1352–65. doi: 10.1007/s10803-018-3837-x, PMID: 30488153


	 Miller M, Young GS, Hutman T, Johnson S, Schwichtenberg AJ, Ozonoff S. Early pragmatic language difficulties in siblings of children with autism: Implications for DSM-5 social communication disorder? J Child Psychol Psychiatry. (2015) 56:774–81. doi: 10.1111/jcpp.12342, PMID: 25315782


	 Bishop DVM, Maybery M, Wong D, Maley A, Hallmayer J. Characteristics of the broader phenotype in autism: A study of siblings using the children’s communication checklist-2. Am J Med Genet Part B: Neuropsychiatr Genet. (2006) 141:117–22. doi: 10.1002/ajmg.b.30267, PMID: 16389586


	 Pilowsky T, Yirmiya N, Shalev RS, Gross-Tsur V. Language abilities of siblings of children with autism. J Child Psychol Psychiatry. (2003) 44:914–25. doi: 10.1111/1469-7610.00175, PMID: 12959499


	 Roemer EJ. Beyond the toddler years: A meta-analysis of communicative abilities in siblings of children with autism spectrum disorder. psychol Bull. (2021) 147:437. doi: 10.1037/bul0000326, PMID: 34060865


	 Eckstein MK, Guerra-Carrillo B, Singley ATM, Bunge SA. Beyond eye gaze: What else can eyetracking reveal about cognition and cognitive development? Dev Cogn Neurosci. (2017) 25:69–91. doi: 10.1016/j.dcn.2016.11.001, PMID: 27908561


	 Lewis M, Brooks-Gunn J. Visual attention at three months as a predictor of cognitive functioning at two years of age. Intelligence. (1981) 5:131–40. doi: 10.1016/0160-2896(81)90003-9


	 Altmann GTM, Kamide Y. The real-time mediation of visual attention by language and world knowledge: Linking anticipatory (and other) eye movements to linguistic processing. J Memory Lang. (2007) 57:502–18. doi: 10.1016/j.jml.2006.12.004


	 Chita-Tegmark M. Social attention in ASD: A review and meta-analysis of eye-tracking studies. Res Dev Disabil. (2016) 48:79–93. doi: 10.1016/j.ridd.2015.10.011, PMID: 26547134


	 Norbury CF. Eye-tracking as a window on language processing in autism spectrum disorder. In:  Naigles  L, editor. Innovative Investigations of Language in Autism. Walter de Gruyter GmbH (2017). p. 13–33. doi: 10.1037/15964-002


	 Sabatos-DeVito M, Schipul SE, Bulluck JC, Belger A, Baranek GT. Eye tracking reveals impaired attentional disengagement associated with sensory response patterns in children with autism. J Autism Dev Disord. (2016) 46:1319–33. doi: 10.1007/s10803-015-2681-5, PMID: 26816345


	 Stechler G, Latz E. Some observations on attention and arousal in the human infant. J Am Acad Child Psychiatry. (1966) 5:517–25. doi: 10.1016/S0002-7138(09)62098-7


	 Adolphs R, Spezio ML, Parlier M, Piven J. Distinct face-processing strategies in parents of autistic children. Curr Biol. (2008) 18:1090–3. doi: 10.1016/j.cub.2008.06.073, PMID: 18635351


	 Bhat AN, Galloway JC, Landa RJ. Social and non-social visual attention patterns and associative learning in infants at risk for autism. J Child Psychol Psychiatry. (2010) 51:989–97. doi: 10.1111/j.1469-7610.2010.02262.x, PMID: 20456532


	 Dalton KM, Nacewicz BM, Alexander AL, Davidson RJ. Gaze-fixation, brain activation, and amygdala volume in unaffected siblings of individuals with autism. Biol Psychiatry. (2007) 61:512–20. doi: 10.1016/j.biopsych.2006.05.019, PMID: 17069771


	 Groen WB, Rommelse N, De Wit T, Zwiers MP, Van Meerendonck D, van der Gaag RJ, et al. Visual scanning in very young children with autism and their unaffected parents. Autism Res Treat. (2012) 2012:748467. doi: 10.1155/2012/748467, PMID: 22937259


	 Jónsdóttir LK, Neufeld J, Falck-Ytter T, Kleberg JL. Autistic children quickly orient away from both eyes and mouths during face observation. J Autism Dev Disord. (2022) 53:1–8. doi: 10.1007/s10803-021-05378-x, PMID: 35138557


	 Kleberg JL, Nyström P, Bölte S, Falck-Ytter T. Sex differences in social attention in infants at risk for autism. J Autism Dev Disord. (2019) 49:1342–51. doi: 10.1007/s10803-018-3799-z, PMID: 30467821


	 Król ME, Król M. Scanpath similarity measure reveals not only a decreased social preference, but also an increased nonsocial preference in individuals with autism. Autism. (2020) 24:374–86. doi: 10.1177/1362361319865809, PMID: 31353926


	 Landry R, Bryson SE. Impaired disengagement of attention in young children with autism. J Child Psychol Psychiatry. (2004) 45:1115–22. doi: 10.1111/j.1469-7610.2004.00304.x, PMID: 15257668


	 Manyakov NV, Bangerter A, Chatterjee M, Mason L, Ness S, Lewin D, et al. Visual exploration in autism spectrum disorder: Exploring age differences and dynamic features using recurrence quantification analysis. Autism Res. (2018) 11:1554–66. doi: 10.1002/aur.2021, PMID: 30273450


	 Merin N, Young GS, Ozonoff S, Rogers SJ. Visual fixation patterns during reciprocal social interaction distinguish a subgroup of 6-month-old infants at-risk for autism from comparison infants. J Autism Dev Disord. (2007) 37:108–21. doi: 10.1007/s10803-006-0342-4, PMID: 17191096


	 Micai M, Joseph H, Vulchanova M, Saldaña D. Strategies of readers with autism when responding to inferential questions: An eye-movement study. Autism Res. (2017) 10:888–900. doi: 10.1002/aur.1731, PMID: 27910232


	 Nayar K, Gordon PC, Martin GE, Hogan AL, La Valle C, McKinney W, et al. Links between looking and speaking in autism and first-degree relatives: insights into the expression of genetic liability to autism. Mol Autism. (2018) 9:1–15. doi: 10.1186/s13229-018-0233-5, PMID: 30338047


	 Sacrey L-AR, Bryson SE, Zwaigenbaum L. Prospective examination of visual attention during play in infants at high-risk for autism spectrum disorder: A longitudinal study from 6 to 36 months of age. Behav Brain Res. (2013) 256:441–50. doi: 10.1016/j.bbr.2013.08.028, PMID: 24004846


	 Sasson NJ, Turner-Brown LM, Holtzclaw TN, Lam KSL, Bodfish JW. Children with autism demonstrate circumscribed attention during passive viewing of complex social and nonsocial picture arrays. Autism Res. (2008) 1:31–42. doi: 10.1002/aur.4, PMID: 19360648


	 Thorup E, Nyström P, Gredebäck G, Bölte S, Falck-Ytter T. Reduced alternating gaze during social interaction in infancy is associated with elevated symptoms of autism in toddlerhood. J Abnormal Child Psychol. (2018) 46:1547–61. doi: 10.1007/s10802-017-0388-0, PMID: 29527625


	 Wagner JB, Luyster RJ, Moustapha H, Tager-Flusberg H, Nelson CA. Differential attention to faces in infant siblings of children with autism spectrum disorder and associations with later social and language ability. Int J Behav Dev. (2018) 42:83–92. doi: 10.1177/0165025416673475, PMID: 29456277


	 Chawarska K, Macari S, Powell K, DiNicola L, Shic F. Enhanced social attention in female infant siblings at risk for autism. J Am Acad Child Adolesc Psychiatry. (2016) 55:188–95. doi: 10.1016/j.jaac.2015.11.016, PMID: 26903252


	 Elsabbagh M, Gliga T, Pickles A, Hudry K, Charman T, Johnson MH, et al. The development of face orienting mechanisms in infants at-risk for autism. Behav Brain Res. (2013) 251:147–54. doi: 10.1016/j.bbr.2012.07.030, PMID: 22846849


	 Mangnus M, Koch SB, Cai K, Romaneli MG, Hagoort P, Bašnáková J, et al. Preserved spontaneous mentalizing amid reduced intersubject variability in autism during a movie narrative. Biol Psychiatry: Cogn Neurosci Neuroimaging. (2024). doi: 10.1101/2024.03.08.583911, PMID: 39490786


	 Wechsler D. The Wechsler Adult Intelligence Scale-Third Revision, Psychological Corporation. San Antonio: TX–Manual (1997).


	 Wechsler D. Wechsler abbreviated scale of intelligence–. (1999). doi: 10.1037/t15170-000


	 Wechsler D. Wechsler adult intelligence scale–Fourth Edition (WAIS–IV) Vol. 22. . San Antonio, TX: NCS Pearson (2008).


	 Kemper S. The development of narrative skills: Explanations and entertainments. In: Discourse development. Berlin: Springer (1984). p. 99–124.


	 Stein NL, Glenn CG. An analysis of story comprehension in elementary school children. New Dir Discourse Process. (1979) 2:53–120.


	 To CK-S, Stokes SF, Cheung H-T, T’sou B. Narrative assessment for Cantonese-speaking children. Journal of Speech, Language, and Hearing Research. (2010) 53:648–69. doi: 10.1044/1092-4388(2009/08-0039), PMID: 20530380


	 Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop S. Autism diagnostic observation schedule–2nd edition (ADOS-2) Vol. 284. . Los Angeles, CA: Western Psychological Corporation (2012).


	 Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised version of a diagnostic interview for caregivers of individuals with possible pervasive developmental disorders. J Autism Dev Disord. (1994) 24:659–85. doi: 10.1007/BF02172145, PMID: 7814313


	 Mayer M. Frog, where are you? (1969).


	 Bamberg M, Marchman V. Binding and unfolding: Towards the linguistic construction of narrative discourse. Discourse Processes. (1991) 14:277–305. doi: 10.1080/01638539109544787


	 Bamberg M, Marchman VA. What holds a narrative together? The linguistic encoding of episode boundaries. IPrA Papers Pragmatics. (1990) 4:58–121.


	 Colle L, Baron-Cohen S, Wheelwright S, Van Der Lely HKJ. Narrative discourse in adults with high-functioning autism or Asperger syndrome. J Autism Dev Disord. (2008) 38:28–40. doi: 10.1007/s10803-007-0357-5, PMID: 17345168


	 Norbury CF, Bishop DVM. Narrative skills of children with communication impairments. Int J Lang Communication Disord. (2003) 38:287–313. doi: 10.1080/136820310000108133, PMID: 12851080


	 Reilly J, Losh M, Bellugi U, Wulfeck B. Frog, where are you?” Narratives in children with specific language impairment, early focal brain injury, and Williams syndrome. Brain Lang. (2004) 88:229–47. doi: 10.1016/S0093-934X(03)00101-9, PMID: 14965544


	 Sah W, Torng P. Narrative coherence of Mandarin-speaking children with high-functioning autism spectrum disorder: An investigation into causal relations. First Lang. (2015) 35:189–212. doi: 10.1177/0142723715584227


	 Thurber C, Tager-Flusberg H. Pauses in the narratives produced by autistic, mentally retarded, and normal children as an index of cognitive demand. J Autism Dev Disord. (1993) 23:309–22. doi: 10.1007/BF01046222, PMID: 8331049


	 Miller, Iglesias A. Systematic analysis of language transcripts (salt), research version 2008. SALT Software (2008).


	 Max Planck Institute for Psycholinguistics (MPIF). ELAN. Nijmegen, The Netherlands: The Language Archive, MPI for Psycholinguistics. (2002).


	 Pennebaker JW, Francis ME, Booth RJ. Linguistic inquiry and word count: LIWC 2001. Mahway: Lawrence Erlbaum Associates. (2001) 71:2001.


	 Reilly J, Klima ES, Bellugi U. Once more with feeling: Affect and language in atypical populations. Dev Psychopathol. (1990) 2:367–91. doi: 10.1017/S0954579400005782


	 Reilly JS, Bates EA, Marchman VA. Narrative discourse in children with early focal brain injury. Brain Lang. (1998) 61:335–75. doi: 10.1006/brln.1997.1882, PMID: 9570869


	 Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability. psychol Bull. (1979) 86:420. doi: 10.1037/0033-2909.86.2.420, PMID: 18839484


	 Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropractic Med. (2016) 15:155–63. doi: 10.1016/j.jcm.2016.02.012, PMID: 27330520


	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using lme4. ArXiv Preprint ArXiv:1406.5823. (2014).


	 Gabig CS. Verbal working memory and story retelling in school-age children with autism. Language, Speech, and Hearing Services in Schools. (2008) 39:498–511. doi: 10.1044/0161-1461(2008/07-0023), PMID: 18820091


	 Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J R Stat Society: Ser B (Methodological). (1995) 57:289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x


	 Young EC, Diehl JJ, Morris D, Hyman SL, Bennetto L. The use of two language tests to identify pragmatic language problems in children with autism spectrum disorders. Language, Speech, and Hearing Services in Schools. (2005) 36:62–72. doi: 10.1044/0161-1461(2005/006), PMID: 15801508


	 Gillam SL, Hartzheim D, Studenka B, Simonsmeier V, Gillam R. Narrative intervention for children with autism spectrum disorder (ASD). J Speech Language Hearing Res. (2015) 58:920–33. doi: 10.1044/2015_JSLHR-L-14-0295, PMID: 25837265


	 Goodkind A, Lee M, Martin GE, Losh M, Bicknell K. Detecting language impairments in autism: A computational analysis of semi-structured conversations with vector semantics. Proc Soc Comput Linguistics (SCiL). (2018) 2018:12–22. doi: 10.7275/R56W988P


	 Klusek J, Martin GE, Losh M. A comparison of pragmatic language in boys with autism and fragile X syndrome. J Speech Language Hearing Res. (2014) 57:1692–707. doi: 10.1044/2014_JSLHR-L-13-0064, PMID: 24686468


	 Losh M, Martin GE, Lee M, Klusek J, Sideris J, Barron S, et al. Developmental markers of genetic liability to autism in parents: A longitudinal, multigenerational study. J Autism Dev Disord. (2017) 47:834–45. doi: 10.1007/s10803-016-2996-x, PMID: 28070788


	 Nayar K, Sealock JM, Maltman N, Bush L, Cook EH, Davis LK, Losh M. Elevated polygenic burden for autism spectrum disorder is associated with the broad autism phenotype in mothers of individuals with autism spectrum disorder. Biol Psychiatry. (2021) 89(5):476–85., PMID: 33229037


	 Boorse J, Cola M, Plate S, Yankowitz L, Pandey J, Schultz RT, et al. Linguistic markers of autism in girls: evidence of a “blended phenotype” during storytelling. Mol Autism. (2019) 10:1–12. doi: 10.1186/s13229-019-0268-2, PMID: 30962869


	 Kauschke C, van der Beek B, Kamp-Becker I. Narratives of girls and boys with autism spectrum disorders: gender differences in narrative competence and internal state language. J Autism Dev Disord. (2016) 46:840–52. doi: 10.1007/s10803-015-2620-5, PMID: 26438638







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Landau, Nayar, Martin, Stevens, Xing, Guilfoyle, Lau and Losh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
,frontiers | Frontiers in Psychiatry

Context effects: discourse structure
influences narrative ability in autism
and first-degree relatives





OEBPS/Images/fpsyt-16-1588429-g001.jpg
(A) Story Components (B) Affect/Cognition (C) Causal Explanations

g 8 * % 6.5 1.6
/)]
o -e- ASD
a % 6.0 g
2 ‘;3 55| | S -e- ASD Sibling
= : *| %

i 1.2
gg % 50 S o -o- C(Control
- 1= =
§ 8 a5 §
(&) o @
> 6 Q. 4.0 Q- 038
S

First Telling Retell First Telling Retel First Telling Retell
(D) Story Components (E) Affect/Cognition (F) Causal Explanations
kk

£ 8 — 6.5 16
@
g :\. 8 6.0 . P
" ) 5 - ASD Parent
8 5.5 %ok
S =7 s S 42 C 1
e @ S 5.0 % -eo- Contro
X3 = = Parent
a z x &
5 g 45 8
© o 4.0 o 0.8
> 6 . J
5 ‘
n

First Telling Retell First Telling Retell First Telling Retell





OEBPS/Images/crossmark.jpg
©

2

i

|





