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Sixth Street, Champaign, IL, 61820 USA
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Abstract

We examined inferential language use by youth with Down syndrome (DS) in the context of
narrative storytelling relative to younger typically developing (TD) children and same-aged peers
with fragile X syndrome (FXS) matched on nonverbal cognitive ability level. Participants’
narratives were coded for the use of different types of inferential language. Participants with DS
used proportionately less inferential language overall relative to their counterparts with TD or
FXS, although mean length of utterance accounted for group differences observed for the DS-TD
group comparison only. Patterns of inferential language use varied across inferential subtypes and
across participant groups, with mean length of utterance playing a significant role in group
differences. These findings suggest potential syndrome specificity to the DS phenotype regarding
impairments in inferential language use that can be partially explained by level of expressive
syntactic ability and should be considered in future research. Clinical interventions within the DS
population, therefore, should target to some extent the use of inferential language and complex
sentence structure.
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Down syndrome (DS) is the leading known genetic cause of intellectual disability (Presson
et al., 2013). In addition to their cognitive delay, individuals with DS experience difficulties
with nearly all facets of language (Abbeduto, Warren, & Conners, 2007; McDuffie,
Thurman, Channell, & Abbeduto, 2017). Expressive language is particularly impaired, with
delays observed relative to both receptive language and nonverbal cognitive ability level
(Chapman, Seung, Schwartz, & Kay-Raining Bird, 1998; Miller, 1999). Syntax, or grammar,
is also particularly impaired relative to other domains of language, such as vocabulary

Correspondence concerning this article should be addressed to: Marie Channell, Department of Speech and Hearing Science,
University of Illinois at Urbana-Champaign, 901 S. Sixth Street, Champaign, IL 61820., channell@illinois.edu, Tel: 217-300-3613.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ashby et al.

Page 2

(Abbeduto et al., 2003; Finestack, Sterling, & Abbeduto, 2013; Phillips, Loveall, Channell,
& Conners, 2014), with expressive morphosyntax being the most impaired (Chapman &
Hesketh, 2000; Finestack & Abbeduto, 2010). Far less is known about the pragmatic
language abilities, or social use of language, of individuals with DS, particularly for
individuals who have progressed beyond pre-linguistic babbling or single-word use. The
limited literature points to a complex pragmatic language profile of relative strengths and
difficulties, varying by sub-domain assessed and comparison group (e.g., autism spectrum
disorder and fragile X syndrome; typical development) used (Abbeduto et al., 2008; Lee et
al., 2017; Martin, Losh, Estigarribia, Sideris, & Roberts, 2013; Roberts et al., 2007; Smith,
Naess, & Jarrold, 2017).

Inferential language is a complex sub-domain of pragmatic language that requires an
individual to use social cognition to integrate information that is not explicitly provided from
the context, draw logical conclusions (i.e., generate inferences), and use language to
communicate these inferences to a listener. To date, no studies have comprehensively
examined inferential language abilities in individuals with DS. Because inferential language
serves as a framework for positive social interactions and learning in academic contexts
(Carpendale & Lewis, 2006; Symons, 2004), it is important to determine whether the
phenotypic characteristics of DS impact this important foundation for development. The
purpose of the current study, therefore, was to investigate inferential language use by youth
with DS in the context of narrative storytelling.

Inferential Language in Narrative

Narrative storytelling (i.e., the ability to coherently relay a sequence of events to a listener)
is an important aspect of expressive language needed for everyday communication and is an
area in which individuals with DS also struggle, although the extent of their challenges in
narration is not clear (Boudreau & Chapman, 2000; Channell, McDuffie, Bullard, &
Abbeduto, 2015; Finestack, Palmer, & Abbeduto, 2012; Hesketh & Chapman, 1998; Hogan-
Brown, Losh, Martin, & Mueffelmann, 2013; Miles & Chapman, 2002). Narrative
storytelling is a functional skill and a means for communicating personal experiences or
fictional stories to others, often serving as a forum for reflecting on past events and
discussing one’s own and others’ perspectives (Aldrich, Tenenbaum, Brooks, Harrison, &
Sines, 2011; Bamberg & Marchman, 1990; Berman, 1995; Trabasso, Stein, Rodkin, Munger,
& Baughn, 1992). Thus, narrative storytelling requires the coordination of abilities across
the cognitive, linguistic, and social cognitive domains. For example, an individual must
recall previous events and communicate the most relevant, salient information to a listener in
an orderly, coherent fashion (McCabe & Peterson, 1990). Coupled with its functional
importance, this makes narrative an ideal context for providing insight into many aspects of
the language phenotype associated with DS, including inferential language abilities.

Inferential language is a critical aspect of narrative storytelling because it involves conveying
details about events (e.g., cause and effect) and character perspectives (e.g., intentions,
actions, and reactions) in a story. In other words, inferential language provides explanations
for why events happened, why characters acted in a certain way, how the characters felt, etc.
Inferential language also provides other evaluative and descriptive language that naturally
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occurs during narrative storytelling. Inferential language enriches stories and engages the
social partner, thus acting as a framework for positive social interaction. It also provides
opportunities to discuss others’ perspectives and express empathy (Symons, 2004),
underscoring its importance to positive peer relationships and friendships (Carpendale &
Lewis, 2006). In sum, inferential language is an important foundation for both narrative and
social development.

In typical development, children are able to make inferences in the context of narrative by
age 4 (Kendeou, Bohn-Gettler, White, & van den Broek, 2008; Tompkins, Guo, & Justice,
2013; Wenner, 2004), and in addition to its crucial role in social communicative competence,
this skill is linked to receptive and expressive language abilities as well as later academic
achievement (Kendeou et al., 2008; Tompkins et al., 2013). Academically, inferential
language is important because the ability to draw inferences from stories is a strong
predictor of later developing reading comprehension (Cain & Oakhill, 1999; 2012). Despite
its functional importance and role in later skill development, inferential language use has not
yet been fully examined in DS. Although inferential language is discussed above as a
pragmatic language skill, its use also requires the coordination of semantic knowledge,
cognition, and expressive language abilities, among others. The phenotypic pattern of
expressive language and narrative storytelling difficulties along with both strengths and
weaknesses in social communication in DS makes it difficult to predict inferential language
ability in this population. A better understanding of the development of this skill in DS will
provide insight into how interventions may support narrative and social competence in
individuals with DS.

Inferential Language in DS

What is currently known about inferential language use in DS comes from a handful studies
focusing on mental state language and causal referencing in autism spectrum disorder in
which DS was included as a comparison group (Baron-Cohen, Leslie, & Frith, 1986; Tager-
Flusberg, 1992). Although both the Baron-Cohen and Tager-Flusberg studies included very
small sample sizes, they pointed to a general trend of young children with DS making fewer
references to character mental states (Baron-Cohen et al., 1986) and causality (Baron-Cohen
et al., 1986; Tager-Flusberg, 1992), though this deficit depended on the communication
context (i.e., spontaneous speech during free play vs. prompted narratives of simple picture
sequences).

Additionally, two studies have examined a related skill—the use of evaluations—from
narratives produced by individuals with DS in their narrations of wordless picture books
(Hogan-Brown et al., 2013; Keller-Bell & Abbeduto, 2007). Evaluations refer to content that
enriches the story, such as character dialogue, mental state verbs, sound effects,
exaggerations, and repetition. Evaluations can include inferential language (e.g., mental state
language) but also repetition used for emphasis and clarity. Evaluations can also include
personal opinions to emphasize one’s own perspective of the story, whereas inferential
language is more focused on inferring others’ perspectives.
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Hogan-Brown et al. (2013) examined evaluations without distinguishing between different
types of evaluation holistically (i.e., causal references, character emotions and cognitions,
intensifiers and attention-getters, and other storytelling devices not specified) and did not
find significant group differences among youth with DS, age-matched youth with fragile X
syndrome (FXS; another genetic disorder associated with intellectual disability), or younger
typically developing (TD) children matched on an expressive-receptive language (i.e.,
Expressive Vocabulary Test/Peabody Picture Vocabulary Test-111) composite in their overall
use of evaluations, though subtype scores were not reported. In contrast, Keller-Bell and
Abbeduto (2007) found that adolescents and young adults with DS included a greater
proportion of evaluations in their narratives than peers with FXS or TD matched by
nonverbal mental age. A closer examination across the six different types of evaluations
included in Keller-Bell and Abbeduto’s analysis (mental state verbs, character names,
character dialogue, repetition, sound effects, and exaggeration) revealed that this group
difference was likely driven by the group with DS using significantly more sound effects
than the other groups. These two studies provide initial evidence that the use of evaluations
within narrative storytelling may not be impaired in individuals with DS, at least relative to
their general developmental delay. However, both studies included some evaluation types
that could be considered inferential in nature (e.g., character dialogue; mental state verbs) as
well as content that may not be inferential (e.g., exaggeration; repetition).

Based on the studies to date, it is not clear whether inferential language use is a relative
strength or weakness in individuals with DS. It is reasonable to hypothesize that
performance depends on the type of inference, with those requiring higher-level social
reasoning or more complex linguistic structures to communicate the inference being more
impaired. The literature on social cognition in DS supports this hypothesis, with several
studies documenting early emerging social strengths (Fidler, 2006; Fidler, Most, Booth-
LaForce, & Kelly, 2008; Moore, Oates, Hobson, & Goodwin, 2002), but deficits in higher-
order social cognitive reasoning, such as theory of mind (Abbeduto et al., 2001; Zelazo,
Burack, Benedetto, & Frye, 1996), interpreting others’ internal states (Beeghly & Cicchetti,
1997; Hesketh & Chapman, 1998), and understanding the intentions of others (Hahn, Fidler,
Hepburn, & Rogers, 2013). It is likely, therefore, that these deficits will have an impact on,
as well as be impacted by, at least some aspects of inference generation in DS (see Tager-
Flusberg, 1992). However, this hypothesis has not yet been directly tested, and a more
comprehensive examination of inferential language use in individuals with DS is needed.

In contrast, a relatively large body of research has examined the pragmatic language profile
of individuals with FXS, suggesting patterns of impairment contextualized within the
broader phenotype of FXS (Abbeduto et al., 2008; Estigarribia et al., 2011; Klusek, Martin,
& Losh, 2014; Losh, Martin, Klusek, Hogan-Brown, & Sideris, 2012; Martin et al., 2012;
Roberts et al., 2007; Simon, Keenan, Pennington, Taylor, & Hagerman, 2001; Sudhalter &
Belser, 2001). Thus, as further explained below, individuals with FXS who also have
intellectual disability provide an interesting comparison group for considering inferential
language abilities in DS.
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Current Study

The purpose of the current study was to examine inferential language use in the context of
narrative storytelling by individuals with DS. We analyzed the use of different types of
inferences that vary in complexity of social-cognitive reasoning to determine patterns of
strength and weakness across the inference types. We included two comparison groups:
younger TD children and same-age peers with FXS, with the groups matched on nonverbal
cognitive ability level. We compared participants with DS to younger TD children of similar
nonverbal cognitive ability level to determine whether inferential language is a strength or
weakness refative to cognitive developmental level. Including a same-age comparison group
of FXS—another cause of intellectual disability—in addition to the TD group provided
some insight into the syndrome-specificity of the findings (i.e., the extent to which any
differences observed can be attributed to intellectual disability in general or specific
phenotypes—DS or FXS—uwithin intellectual disability). Furthermore, the same-age
comparisons eliminated any potential group differences that could be attributed to
chronological age, a proxy for general life experiences.

Finally, we also examined whether potential group differences remain after accounting for
expressive morphosyntax ability (i.e., MLU), because it is possible that individuals with DS
do not have the structural language (e.g., syntactic complexity) to communicate narrative
content as effectively as TD children (e.g., evaluations; story theme components; Boudreau
& Chapman, 2000; Finestack & Abbeduto, 2010; Keller-Bell & Abbeduto, 2007; Miles &
Chapman, 2002). Furthermore, there is some evidence linking structural language to broader
pragmatic language skill development in children and adolescents with DS (Lee et al., 2017,
Tager-Flusberg & Anderson, 1991), emphasizing the need to account for language in the
current study. Given that expressive morphosyntax, in particular, is a phenotypic weakness
in DS, we accounted for the potential role of MLU in our models examining group
differences.

In summary, the aims of the current study were to: (1) compare the total amount of
inferential language used by individuals with DS relative to those with TD or FXS; (2)
determine whether there were group differences in use by inference type; and (3) determine
whether potential group differences remain after accounting for MLU.

Method

Participants
The 68 participants for this study (DS n= 23, FXS n=22, TD n=23) were drawn from a
larger longitudinal project focusing on language development in neurodevelopmental
disorders. Participants overlapped with those reported in previous papers (e.g., Channell et
al. 2015; Finestack et al., 2013; Kover, McDuffie, Abbeduto, & Brown, 2012; McDuffie et
al., 2010); however, all analyses in the present study are unique and have not been
previously reported.

In the larger project, all participants were required to be native English speakers and pass a
hearing screening with a pure-tone threshold of <30 dB in at least one ear. Participants with
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DS or FXS were included if parent reports indicated their primary means of communication
was speech, they were able to produce at least three-word phrases in daily communication,
and they had no severe uncorrected sensory or motor impairments that would interfere with
participation. A diagnosis of DS was confirmed via documentation from the participant’s
physician or from parent report when such documentation was not available; documentation
of genetic testing was required to confirm a full mutation of the FMR1 gene for all
participants with FXS. Finally, TD participants were included if they met the
aforementioned criteria and were not receiving special education or speech-language
services.

Participants who met these eligibility criteria were included in the current study if they also
completed the Narrative Task by providing speech relevant to the story on at least 75% of the
book pages. All participants with DS who met this additional criterion were included,
resulting in a final sample size of 23 individuals (13 males, 10 females), with ages between
10 and 16 years. We then used Leiter-R (Roid & Miller, 1997) nonverbal cognitive growth
score values to match the participants with DS to same-aged youth with FXS (19 males, 3
females; {43) = -0.332, p=.742) and 23 younger TD children (14 males, 9 females; {44) =
-0.058, p=.954). The participants with FXS and TD were also matched on Leiter-R growth
scores, #(43) = —-0.274, p=.785. See Table 1 for participant characteristics.

Narrative Task—The narrative language sampling procedure developed by Abbeduto and
colleagues (e.g., Abbeduto, Benson, Short, & Dolsih, 1995; Berry-Kravis et al., 2013; Kover
et al., 2012) was used to assess participants’ abilities to tell narratives from wordless picture
books. Participants viewed one of two books, Frog Goes to Dinneror Frog on His Own
(counterbalanced across participants). During the exposure period, participants previewed
the book, page by page, with an examiner and were instructed to look at each page carefully
to see what was happening in the story. Examiners controlled the page turns to standardize
the amount of exposure to each page spread (i.e., approximately 10 seconds). Next,
participants were prompted to tell the story to the examiner as they viewed the book a
second time. Examiner prompts were minimal and scripted to ensure standardization across
participants and limit scaffolding. The examiner again controlled the page turns, giving
participants approximately 5 to 7 seconds after their last utterance before turning the page.
Each participant’s narrative was audio-recorded for later transcription, and examiners stated
“next page” during each page turn to assist transcribers in tracking location within the book.

Transcription: Trained transcribers used Systematic Analysis of Language Transcripts
(SALT; Miller & Iglesias, 2006) software to transcribe the participants’ audio-recorded
narratives into appropriately rendered text files. Participants’ utterances were segmented into
communication units (C-units; Loban, 1976), which contain an independent clause along
with its modifiers that include dependent clauses, and notated according to standard SALT
conventions (e.g., bound and free morphemes were segmented, unintelligible portions of
speech were indicated by ‘XX’). Narrative audio files were initially transcribed by a primary
transcriber, and then a secondary transcriber listened to the audio file and reviewed the first
draft, providing feedback to the primary transcriber who made the final decision on the
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transcript. Inter-transcriber agreement was calculated for 13 narrative transcripts (4 DS, 4
FXS, 5 TD), which was 19% of the current sample. The average agreement was 83% across
relevant dimensions of the transcription process: namely, agreement on identification of (a)
C-unit boundaries, (b) partly or completely intelligible C-units, (c) complete C-units (i.e., as
opposed to abandoned or interrupted C-units), (d) C-units containing mazes, (e) the number
of morphemes per C-unit, (f) the number of words per C-unit, (g) the exact lexical and
morphemic content of each C-unit, and (h) C-unit type (question, statement, exclamation).
Not surprisingly, given the problems in articulation, voice quality, and speaking rate
characteristic of DS and FXS (Barnes et al., 2009; Zajac, Harris, Roberts, & Martin, 2009),
inter-transcriber agreement was lower for these two groups (81% and 80%, respectively)
than for the TD participants (86%).

Coding inference use: Modified from the work of Tompkins et al. (2013), we developed a
coding scheme to capture instances of inferential language in participants’ narratives. We
defined inferences as words, phrases, or sentences that went beyond the literal description
illustrated in the pictures on the page and were clearly related to the participant’s narrative.
Specifically, we defined 15 types of inferences across five primary categories (see Table 2).
Character actions/attempts included any mention of physical actions carried out or attempted
by a character that were not directly visible on the page spread. /nternal state references
included mental states as well as other internal attributes of the characters (e.g., personality
traits). References to causality explicitly connected two causally related events or referenced
one event as the direct result of another event. Use of character dialogue included any
instances when the participant gave a character a voice, either by speaking in first person or
stating an internal dialogue. Other inferences included general inferences that went beyond
what was directly visible on the page spread and did not fall into one of the above-
mentioned categories (e.g., negation; character role).

Inferences were coded at the utterance level by inference type; that is, each inference type
was assigned a unique code so that a single utterance could be coded for the presence of
more than one inference type. Utterances that were abandoned or interrupted were not coded
for inferences; however, utterances containing partially unintelligible portions were still
coded if there was a clear inference produced within the intelligible portion of the utterance.
Verbatim utterance repetitions that were produced on the same page spread were assigned
any given code only once, upon first mention.

One trained graduate student and one trained undergraduate student applied the coding
scheme described above at the utterance level to all narrative transcripts. Approximately
20% of the narrative transcripts were coded independently by both coders to assess point-by-
point inter-coder agreement, which averaged 91% across participant groups (range: 71—
100%). The low end of the range (i.e., 71% agreement) was represented by one transcript for
which intelligibility was particularly poor, complicating coding decisions; for this particular
participant, the two coders reconciled differences and made a consensus decision. We used
SALT to compute the proportion of utterances containing each type of inference as well as
the proportion of utterances containing any instance of inferential language; these proportion
scores were used in all reported analyses.
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Mean length of utterance (ML U): We computed participants’” MLU in morphemes from
their narrative transcripts using SALT software. Only complete and intelligible C-units were
included.

Lexical diversity: We used SALT to compute the number of different word roots produced
in the first 50 C-units of each participant’s narrative language sample. If a participant
produced fewer than 50 C-units, we calculated lexical diversity from the entire sample.
Higher lexical diversity scores reflect greater expressive vocabulary. We used these scores to
further describe the expressive language abilities of our participants and in exploratory
analyses.

Total number of C-units: We used SALT software to compute the total number of C-units
produced during each participant’s narrative to further describe our participant language
samples.

Leiter International Performance Scale-Revised (Leiter-R; Roid & Miller, 1997)
—The Leiter-R, normed for ages 2-21 years, is a standardized measure of nonverbal
intelligence frequently used in populations with intellectual and developmental disabilities
because it is nonverbal in administration and in response method. In the current study, we
used the Brief 1Q Screener, which is comprised of four subtests: Figure Ground, Form
Completion, Repeated Patterns, and Sequential Order. We used compaosite growth scores to
match participant groups by nonverbal cognitive ability level because growth scores reflect
raw ability level on an equal interval scale that accounts for varying difficulty across items.
For ease of interpretation, we also report standard scores, although it should be noted that
30% of participants with DS (n=7) and 23% of participants with FXS (n7=5) scored at the
floor level Leiter-R Brief 1Q standard score.

Analytic Approach

To address Aim 1, we conducted an analysis of variance (ANOVA) to examine the impact of
participant group on overall inferential language use. Then, we conducted an analysis of
covariance (ANCOVA) to examine whether potential group differences changed after
accounting for the effect of MLU (Aim 3). Based on the initial findings reported below, in
keeping with the focus of the current study on DS, and importantly, to limit the number of
statistical comparisons, we proceeded to address Aim 2 (inference subtypes) with a more
focused approach.

Specifically, we utilized nested regression to examine the impact of participant group on
inferential language use by subtype. We dummy coded variables for participant group into
binary variables, using DS as the reference group to reflect the focus on DS in the current
study. The “TD” binary variable represented the TD-DS group comparison, and the “FXS”
binary variable represented the FXS-DS group difference. We used stepwise regression to
examine potential group differences after controlling for the effect of MLU on inferential
language use. Thus, in Step 1 we entered the “TD” and “FXS” binary variables representing
the group comparisons, and in Step 2 we entered MLU.
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Group Differences in Overall Inferential Language Use

See Table 3 for proportional inferential language use by participant group. We first examined
whether there were group differences in the proportion of utterances containing any type of
inferential language. This ANOVA revealed a significant effect of group, A2,65) = 4.676, p
=.013, 77/,2: .126. LSD pairwise comparisons showed that the group with DS used
proportionately less inferential language than either the group with FXS (p=.031) or TD (p
=.005), with no significant difference between the groups with FXS and TD (p = .496).

In the second model, an ANCOVA including MLU as a covariate again revealed a significant
effect of group, A2,64) = 5.405, p=.007, n,” = .145, in addition to a significant effect of
the covariate, A(1,64) = 88.375, p<.001, an: .580. LSD pairwise comparisons showed
that, with the inclusion of MLU, there was no longer a significant difference in performance
between the groups with DS and TD (p = .099); interestingly, however, the difference
between the groups with DS and FXS remained significant (p = .002), again with the
participants with FXS showing greater inferential language use than those with DS. The
difference between the groups with FXS and TD remained below the level of statistical
significance (p=.138).

Group Differences by Inference Type

See Table 3 for the proportional use of different types of inferential language by participant
group. Because use of the different types of inferential language did not all correlate well
with each other, the assumptions of multivariate modeling were not met. Therefore, to
address Aim 2, we ran five separate models, one for each category of inference type. See the
‘Analytic Approach’ section above for a description of the dummy coding procedures and
analyses utilized below.

Character actions/attempts—In the first step of our stepwise regression model, the
effect of participant group was significant, A2,65) = 3.233, p=.046, RZ=.090, accounting
for 9% of the variance in inferential language use. An examination of the standardized
coefficients revealed that only the TD-DS (8= .335, p=.016) group difference was
significant (FXS-DS g = .240, p=.083), with the TD group outperforming the group with
Ds.

In the second step, the inclusion of MLU resulted in a statistically significant change to the
model, /2 change = .427, p<.001, with MLU accounting for 43% of unique variance. The
full model was also significant, A3,64) = 22.837, p<.001, /¢ = 517, indicating that the
combination of participant group and MLU accounted for 52% of the total variance in
inferential language referring to character actions/attempts. Further examination of the
standardized coefficients revealed that, with the inclusion of MLU, the TD-DS group
difference was no longer significant (8= .116, p = .268); interestingly, however, the FXS-DS
group difference became significant after accounting for MLU (8= .232, p=.024), showing
that the group with FXS outperformed the group with DS.

Internal state references—In the first step, the effect of participant group was only
marginally significant, A2,65) = 3.104, p=.052, RZ=.087, accounting for 9% of the
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variance. The standardized coefficients revealed that, again, only the TD-DS group
difference (8= .339, p=.015) was significant (FXS-DS g =.186, p = .178), again with the
TD participants outperforming those with DS.

In the second step, the inclusion of MLU resulted in a statistically significant change to the
overall model, RZ change = .183, p < .001, with MLU accounting for 18% of unique
variance. The full model was also significant, A3,64) = 7.895, p< .001, /¢ = .270,
indicating that the participant group and MLU combination accounted for 27% of the total
variance in inferential language referring to character internal states. After the inclusion of
MLU, however, neither group difference remained significant (TD-DS g=.196, p=.131;
FXS-DS g=.180, p=.147).

Causal references—Because there was a low rate of causal referencing across the
participant groups, with many participants not including any references to causality, we
converted participant scores into a dichotomous variable (no causal referencing vs. some
causal referencing). We performed a two-predictor logistic regression analysis to examine
the relationship between the likelihood that a participant used causal language depending on
his or her diagnostic group (using the binary group variables) and MLU.

A test of the full model against a constant only model was significant (;(2[3] =23.415, p<.
001), indicating that the model including participant group and MLU as predictors was a
better fit than the null model containing no predictors. The Cox and Snell (.291) and
Nagelkerke (.431) values (i.e., variations of /4) indicated that the full model was 29-43%
predictive. Prediction success overall was 82% (96% for ‘no causal referencing’ and 41% for
‘some causal referencing’). An examination of the individual predictor coefficients revealed
that only MLU was significant (Wald criterion = 12.033, p=.001). The participant group
predictors were not significant (TD-DS Wald criterion = 0.194, p=.659; FXS-DS Wald
criterion = 1.037, p=.309).

Character dialogue—In the first step, the effect of participant group was not significant,
F(2,65) = 1.683, p=.194, RZ =049, accounting for only 5% of the variance. In the second
step, the inclusion of MLU resulted in a statistically significant change to the overall model,
R change = .083, p=.016, resulting in the full model becoming significant, A3,64) =
3.256, p=.027, RZ=.132. Here, the full model accounted for 13% of the total variance in
inferential language as character dialogue. After including MLU, the group differences were
still not significant (TD-DS B = -.095, p=.499; FXS-DS g=.219, p=.106).

Other inferential language—In the first step, the effect of participant group was
significant, A2,65) = 3.256, p=.045, RZ=.091, and accounted for 9% of the variance. Only
the FXS-DS group difference was significant (FXS-DS g = .344, p=.014; TD-DS S =.209,
p=.130), revealing that the group with FXS used more other types of inferential language
than the group with DS.

In the second step, the inclusion of MLU resulted in a statistically significant change to the
overall model, RZ change = .386, p < .001, with MLU explaining 39% of unique variance.
The full model was also significant, A3,64) = 19.470, p< .001, RZ = .477; the combination
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of participant group and MLU accounted for 48% of the total variance in other inferential
language. After the inclusion of MLU, the FXS-DS comparison remained significant (8= .
337, p=.002), and the TD-DS comparison was still not significant (5 < .001, p=.997).

Exploratory Analyses

To further contextualize our results, we conducted several exploratory analyses and report
the general findings here. First, we re-ran all analyses covarying a different metric of
language, lexical diversity, to represent expressive vocabulary or semantic ability, as
semantic ability is also important to inferential language. Overall, the pattern of results
remained unchanged with the inclusion of lexical diversity as a covariate, and total variance
explained in each model was less than when MLU was included as the covariate. Thus, our
results are stronger with the inclusion of MLU as a proxy for expressive language ability.

Second, because there were only three females in the sample with FXS, we were unable to
broadly consider sex differences in our analyses. However, acknowledging that the genetic
mechanisms underlying FXS suggest some phenotypic sex differences, we re-ran all
analyses with the three females removed from our FXS sample, to ensure that they did not
unduly influence our group findings. The pattern of results did not change with the exclusion
of females from the FXS sample.

Discussion

The purpose of this study was to examine inferential language use during narrative
storytelling by children and adolescents with DS relative to same-aged peers with FXS and
younger TD children matched by nonverbal cognitive ability level. First, we aimed to
compare groups according to their overall rate of inferential language use (i.e., the
proportion of utterances containing inferential language). Second, because prior literature
led to the hypothesis that inferential language use may vary by inference type, we also
compared groups according to their use of each of five categories of inferential language.
Finally, we examined whether group differences in inferential language use remained after
accounting for the potential influence of MLU (as a metric of expressive morphosyntax).

The individuals with DS used proportionately less inferential language overall in their
narratives than those with TD or FXS. This finding suggests specificity to the lack of
inferential language use observed in DS, at least relative to those with FXS and intellectual
disability, informing our work on the DS phenotype during late childhood and adolescence.
After accounting for the variability explained by MLU, however, there was no longer a
difference between the groups with DS or TD in inferential language use, suggesting that
this group difference was driven by a difference in expressive morphosyntax abilities.
Interestingly, though, after accounting for MLU, the difference between the groups with DS
and FXS remained significant. That is, individuals with DS used proportionately less
inferential language than those with FXS even after MLU was taken into account. This

1\We also ran all analyses using MLU in words rather than MLU in morphemes. The pattern of results was similar, except that the TD-
DS group difference in overall inferential language remained statistically significant after controlling for MLU in words. The FXS-TD
group difference, however, was consistent across all analyses, regardless of covariate used.
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suggests that along with expressive morphosyntax, another underlying factor may be driving
the lack of inferential language use during narrative storytelling in individuals with DS.
Future research should investigate other potential underlying factors, perhaps in the social
cognitive domain (e.g., perspective taking).

Importantly, the extant literature on the DS phenotype leads to the hypothesis that
individuals with DS may show a differential pattern of inferential language use across
subtypes. Thus, our second aim was to examine group differences by type of inferential
language used (i.e., the proportion of utterances containing each inference type). The
inference subtypes from our coding scheme were supported by the lack of significant
correlations among inference types, suggesting more distinct categories. These results also
shed light on the group differences observed in overall inferential language use.

Before accounting for MLU, we observed group differences for most inference types. In all
cases where group differences were observed, the group with DS used significantly less
inferential language than either the TD group (references to character actions/attempts;
internal state references) or the group with FXS (other inferential language). Interestingly,
our results again changed once MLU was included. As was the case with overall inferential
language use, there was no longer a significant difference between participants with DS or
TD in references to character actions or attempts; however, a significant difference emerged
between the group with DS and the group with FXS for this inference category, such that
participants with DS used significantly fewer references to character actions or attempts than
did participants with FXS. This finding fits with that of overall inferential language and may
mean that the underlying social-cognitive factors driving this impairment in DS are more
specific to understanding others’ intentions or goals that motivate their actions (e.g.,
understanding intentionality, see Hahn et al., 2013). Linguistically, the communication of
character actions requires the use of certain types of verbs, and there is some evidence that
verb use is impaired in DS beyond level of MLU (Channell et al., 2015; Hesketh &
Chapman, 1998). Thus, verb use may be yet another contributing factor and should also be
considered in future research.

Although we did not observe significant group differences for the use of causal references or
character dialogue, these types of inferential language yielded the lowest rates of use for all
participants. Regardless, MLU was still a significant predictor in inferential language use for
all categories, including these two. Thus, there is a clear link between complexity of
sentence structure and use of inferential language during narration in individuals with DS.
Because our study design was cross-sectional, we cannot draw conclusions regarding
causality. However, we hypothesize two potential explanations that warrant further
examination in future studies.

It may be that the social cognitive ability to draw inferences is impaired in DS, and this
impairment precludes the need for using more complex syntax. Alternatively, it may be that
the syntactic limitations characteristic of individuals with DS may constrain their use of
inferential language during narration, a relatively complex communication context. Both of
these potential explanations fit with the current literature on the DS phenotype. The second
explanation fits with studies reporting that the characteristically low expressive syntactic
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abilities of children and adolescents with DS may hinder the communication of other kinds
of narrative content (Boudreau & Chapman, 2000; Finestack & Abbeduto, 2010; Keller-Bell
& Abbeduto, 2007; Miles & Chapman, 2002). The first explanation fits with DS phenotypic
research documenting impairments in more complex social cognitive abilities (Abbeduto et
al., 2001; Beeghly & Cicchetti, 1997; Hahn et al., 2013; Hesketh & Chapman, 1998; Zelazo
et al., 1996). However, due to the scarcity of literature on higher-order social cognitive
reasoning in older children or adolescents with DS, less evidence currently supports this
explanation, and future research is needed to address this possibility. This is an important
consideration for future endeavors, especially given the potential syndrome-specific nature
of some of our findings that suggest particular difficulty in some aspects of inferential
language beyond what can be attributed to expressive morphosyntax. Future research should
also examine whether these syndrome specific differences remain after considering other
aspects of expressive language beyond MLU or expressive vocabulary.

Regardless of the causal factors involved, there is a clear need for clinical approaches that
support the use of inferential language and complex sentences structures in individuals with
DS. Results from our study suggest that interventions aimed at enhancing spoken language
in DS should consider targeting inferential language, with a particular focus on discussing
character intentions, goal-oriented actions, and internal states, as these aspects of inferential
language were found to be impaired in our sample. One potential intervention approach in
the context of shared storytelling could include strategies such as asking the child w/-
questions, which has been found to be effective in eliciting inferential language use and
increasing language outcomes in TD children and in those with language impairment
(Dunst, Williams, Trivette, Simkus, & Hamby, 2012). Such strategies have been successfully
embedded into parent-implemented interventions to increase language outcomes for youth
with FXS (McDuffie et al., 2016). The current study’s findings support the need for similar
interventions in youth with DS, although our findings specific to DS also suggest the need
for some adaptations for this population.

The current study is not without its limitations. First, in considering the applicability of our
findings to parent-child shared storytelling contexts, future research should consider
accounting for varying exposure to literacy related activities, as this may play an important
role in the development of inferential language use. Also, because MLU was derived from
the same narrative task in which inferential language was measured, future research would
benefit from the inclusion of separate tasks to measure each of these skills. Further, other
more detailed metrics of grammatical complexity beyond MLU (e.g., Index of Productive
Syntax [Scarborough, 1990]; Developmental Sentence Scoring [Lee, 1974]) may be more
sensitive to the structural language difficulties observed in individuals with DS (Finestack &
Abbeduto, 2010; Price, Roberts, Hennon, Berni, Anderson, & Sideris, 2008) and may
elucidate the role of structural language in inferential language use in this population. Also,
although the Narrative Task utilized in this study provides ample opportunities to discuss
cause and effect, few of the participants in the range of developmental levels included in our
study were able to spontaneously produce references to causality. Future research should
also focus on prompting individuals for different types of inferring, include causal
reasoning, to document this important social cognitive ability. Finally, although our findings
suggest some potential syndrome specificity to the DS phenotype regarding inferential
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language use, future research is needed to confirm or reject this suggestion. The inclusion of
comparison groups with intellectual disability of other origins beyond FXS as well as those
with language impairment without intellectual disability will be important to elucidating the
discussion regarding syndrome specificity.
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Highlights
. Youth with DS used less inferential language than the other participant
groups.
. Inferential language may be unique to the DS phenotype, at least relative to
FXS.
. Results varied by inference subtype.
. Expressive morphosyntactic abilities contributed to the observed group
differences.

Res Dev Disabil. Author manuscript; available in PMC 2018 December 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ashby et al.

Page 19

What this paper adds?

To date, no studies have comprehensively examined inferential language skill in
individuals with Down syndrome (DS). Because inferential language serves as a
framework for positive social interactions and learning in academic contexts, it is
important to determine whether the phenotypic characteristics of DS impact this
important foundation for development. The purpose of the current study, therefore, was to
investigate inferential language use by youth with DS in the context of narrative
storytelling relative to youth with fragile X syndrome (FXS) and typically developing
(TD) children. Comparing participants with DS to younger TD children of similar
nonverbal cognitive ability level allowed us to determine whether inferential language is a
strength or weakness refative to cognitive developmental level. Including a same-age
comparison group of FXS—another cause of intellectual disability—in addition to the
TD group provided some insight into the syndrome-specificity of the findings (i.e., the
extent to which any differences observed can be attributed to intellectual disability in
general or specific phenotypes—DS or FXS—uwithin intellectual disability). Finally, we
examined the contribution of expressive morphosyntactic ability to group differences
observed in inferential language use.
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Descriptive Characteristics of Participants

Table 1

DS (n = 23)

| Fxsm=22 |

TD (n=23)

| Mean (SD) Range | Mean (SD) Range |

Mean (SD) Range

Chronological age 12.80 (1.59) 12.33 (1.74) 4.48 (0.86)
10.28 - 15.54 10.18 - 16.01 3.11-6.19
Leiter-R Brief 1Q growth scores 462.09 (7.66) 462.82 (7.09) 462.22 (7.58)
442 - 474 446 - 476 442 - 474
Leiter-R Brief 1Q standard scores? 42.48 (7.07) 44.41 (7.87) 110.96 (15.50)
36-65 36-65 87 - 159
MLU in morphemes 5.07 (2.00) 5.11 (1.42) 6.19 (1.32)
1.40-9.17 2.83-7.37 4.07 -8.83
Lexical diversity 67.17 (29.94) 65.50 (21.02) 84.96 (26.45)
15-117 30-107 40 - 153
Total number of C-units 47.09 (25.76) 38.18 (15.59) 49.04 (25.25)
16 — 139 19-82 25-134

aDS: n=7,FXS: n=5 scored at the floor standard score of 36
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Table 3

Proportion of Utterances Containing Each Type of Inferential Language

| bsm=239 | Fxs;m=22 | To(m=29
| Mean (SD) Range | Mean (SD) Range | Mean (SD) Range
Overall Inferential Language .50 (.25) .65 (.21) .69 (.20)
.00-.95 .35-1.00 .34-.96
Character Actions/Attempts .37 (.23) 47 (.16) .51 (.20)
.00-.88 17-.73 .15-.87
Internal States .08 (.07) 11 (.09) .14 (.09)
.00-.24 .00-.33 .00-.37
Causality? .02 (.04) .01 (.02) .01 (.03)
.00-.18 .00-.07 .00-.10
Character Dialogue .05 (.06) .09 (.10) .05 (.07)
.00-.22 .00-.31 .00-.25
Other Inferences 13 (.07) 19 ((12) .17 (.07)
.00-.24 .00-.52 .06 -.29

aPercentage of each group that included some references to causality: DS = 26%, FXS = 14%, TD = 35%.
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