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Abstract
While children with developmental language disorder and/or Williams syndrome both appear
to use hand gestures to compensate for specific cognitive and communicative difficulties, they
have different cognitive strength-weakness profiles. Their semantic and visuospatial skills
potentially affect gesture quality such as iconicity. The present study focuses on untangling
the unique contribution of these skills in the quality of gestures. An explicit gesture elicitation
task was presented to 25 participants with developmental language disorder between 7 and 10
years of age, 25 age-matched peers with typical development, and 14 participants with
Williams Syndrome (8 — 23 years). They gestured without using speech (pantomime) pictures
of objects. The pantomimes’ iconicity, semantic richness, and representation technique were
coded. Participants’ semantic association and visuospatial skills were formally assessed.
Iconicity was slightly lower in individuals with Williams syndrome, which seems related to
their visuospatial deficit. While semantic saliency was similar across participant groups, small
differences in representation technique were found. Partial correlations showed that
visuospatial skills and semantic skills were instrumental in producing clear pantomimes.
These findings indicate that clinicians aiming to enhance individuals’ natural iconic gestures
should consider achieved iconicity, particularly in individuals with low visuospatial skills.

Keywords: Iconic gesture; Williams syndrome; Language impairment; Cognitive skills
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Quality of Pantomime Gestures Relies on Visuospatial Skills

While speaking, individuals spontaneously produce hand movements that may depict
content and/or serve a pragmatic function (Kendon, 2005). One subtype of hand gestures that
depict content are iconic gestures. These gestures have strong communicative value because
they entail a close visual resemblance between the manual modality and the concept that this
gesture represents, making it easier to interpret (McNeil, 2000). Iconic gestures may facilitate
communication in individuals with communication difficulties (Goldin-Meadow & Alibali,
2013; Rose, Mok, & Sekine, 2017). Because iconic gestures can encode information that is
(partially) absent from speech, researchers have increasingly analyzed the use of gestures by
participants with atypical language development, such as participants with developmental
language disorder (e.g., Evans, Alibali, & McNeil, 2001; Iverson & Braddock; Mainela-
Arnold, Alibali, Hostetter, & Evans, 2014; Wray, Saunders, McGuire, Cousins, & Norbury,
2017) and participants with Williams syndrome (Bello, Capirci, & Volterra, 2004;
Mastrogiuseppe & Lee, 2017). Individuals with developmental language disorder and with
Williams syndrome make more use of gestures that replace speech (Mastrogiuseppe & Lee,
2017; Wray et al., 2017). In the present study, the role of cognitive skills in the iconicity of
these participants’ gestures is examined in the context of gestures that do not accompany
speech (pantomimes).

Studies suggest that pantomime quality may be positively related to semantic association
skills and visuospatial skills (Taub, 2001; van Nispen, van de Sandt-Koenderman, Mol, &
Krahmer, 2016; van Nispen, van de Sandt-Koenderman, & Krahmer, 2017; Wray et al.,
2017). While participants with developmental language disorder and Williams syndrome
seem to use gestures to compensate for linguistic and cognitive difficulties (Bello et al., 2004;
Evans et al., 2001; Iverson & Braddock; Mainela-Arnold et al., 2014; Mastrogiuseppe & Lee,

2017; Wray et al., 2017), they have different strength-weakness profiles with respect to these
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cognitive skills. It remains unclear how these skills affect the iconicity and quality of their
gestures. Whereas participants with developmental language disorder have a significant
language deficit and relatively spared performal IQ (Reilly et al., 2014), participants with
Williams syndrome have mild or moderate intellectual disabilities with relatively spared
language skills and a significant deficit in visuospatial skills (Farran & Jarrold, 2003; Farran,
Jarrold, & Gathercole, 2001; Mervis & John, 2008; Meyer-Lindenberg et al., 2004). It is
unclear how their specific strength-weakness profiles affect the quality of their gestures. It is
important that clinicians have insight into this influence because gesture quality is
instrumental for achieving a facilitative effect on interpersonal communication (de Beer,
Carragher, van Nispen, Hogrefe, & de Ruiter, 2017; Sekine, Rose, Foster, Attard, & Lanyon,
2013; Wilkinson, 2013; Wray et al., 2017).

To assess the iconic value of gestures, researchers have typically assessed the
resemblance between the gesture and the concept by using gesture elicitation tasks where
participants gesture objects without using speech (Botting, Riches, Gaynor, & Morgan, 2010;
van Nispen et al., 2016, 2017; Wray, Norbury, & Alcock, 2016; Wray et al., 2017). In
children with developmental language disorder, these studies have yielded diverging results.
Botting et al. (2010) and Wray et al. (2016) showed pictures to participants with typical
development and developmental language disorder and asked them to gesture what they saw.
The authors rated on a Likert scale the resemblance between gesture and referent. While
Botting et al. (2010) did not detect a significant difference in pantomime iconicity between
children with developmental language disorder and typical development for each of the items,
Wray et al. (2016) found that the former produced less iconic pantomimes than the latter. It is
unclear how this difference may be explained considering that both studies used the same
procedure and the participants had a similar mean age of 5;7 and 5;11 (years;months),

respectively. We argue that between-group differences are valuable but also need additional



Running head: GESTURE QUALITY AND COGNITIVE PROFILE 6

analyses that account for potential within-group heterogeneity in cognitive profile.
Particularly in pantomime iconicity, these cognitive skills play an important role.

A conceptual framework by Taub (2001) explicates the cognitive steps that are
involved in constructing an iconic pantomime (e.g., Emmorey, 2014; Ortega & Ozyiirek,
2019; van Nispen et al., 2017). When individuals gesture a concept, they first access the
concept and accompanying semantic features from semantic memory. Then, they select a
mental visual image that depicts this concept. In a next step, individuals abstract this visual
mental image into a visual scheme. For example, the image of a rhinoceros may be abstracted
into four vertical legs and a horn. Finally, this abstract scheme is mapped onto hand
movements. This framework gives a main role to two cognitive skills: semantic and
visuospatial processing.

Semantic Skills

To our knowledge, there have been no studies on the relation between semantic skills
and pantomimes in individuals with Williams syndrome and with developmental language
disorder. Nevertheless, this is an important issue because both groups can have impaired
lexico-semantic organization skills and often make more categorization errors (Haebig,
Kaushanskaya, & Weismer, 2015; Jarrold et al., 2000; Mainela-Arnold, Evans, & Coady,
2010; Purser, Thomas, Snoxall, Mareschal, & Karmiloff-Smith, 2011). Wray et al. (2017)
found that the pantomimes of participants with developmental language disorder aged
between 6 and 8 years were semantically weaker than the pantomimes of their peers with
typical development, and they hypothesized that reduced semantic knowledge led to
semantically weaker pantomimes. In line with Taub’s model, reduced semantic processing
may hinder the depiction of salient semantic features within pantomimes (Weidinger et al.,
2017; Wray et al., 2017). Individuals with aphasia and impaired semantic processing have

produced co-speech gestures and pantomimes that were less diverse and less iconic compared
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to individuals with intact semantic processing skills (Hogrefe, Ziegler, Weidinger, &
Goldenberg, 2012; van Nispen et al., 2016, 2017). Similarly, in primary-school children with
typical development, increased encoding of distinct features in pantomimes correlated with
higher performance on a semantic odd-one-out measure, suggesting that non-verbal semantic
skills are instrumental in selecting salient features (Weidinger et al., 2017).

Semantic processing skills not only influence access to semantic information but also
influence representation technique (Goldenberg, Hartmann, & Schlott, 2003; Mol, Krahmer,
& van de Sandt-Koenderman, 2013; van Nispen et al., 2016; Weidinger et al., 2017).
Different representation technique categorizations have been proposed but all categorizations
are closely related (Ortega & Ozyiirek, 2019). In studies involving adults with aphasia, van
Nispen et al. (2016, 2017) have distinguished between shaping (moulding the object in the
air), drawing (drawing contours in the air, typically with index finger), enacting (mimicking
an activity that does not involve handling an object), handling (mimicking using an object),
and object (the hand itself represents the object). A broader categorization is used in Ortega
and Ozyiirek (2019), with four distinct categories: (a) acting (analogous to enacting and
handling), (b) representing (analogous to object), (c) drawing (analogous to shaping and
drawing), and (d) personification (mimicking an animal by physically adopting its features).
Adults with aphasia and impaired semantic processing used representation techniques that
required little semantic knowledge of the referent such as drawing or shaping the concept
(Mol et al., 2013; van Nispen et al. 2016). Drawing an object is typically less understandable
than, for example, mimicking the use of an object (Ortega & Ozyiirek, 2019), which requires
semantic knowledge.

One study suggests that the development of representation technique develops slower
in children with developmental language disorder (Hill, Bishop, & Nimmo-Smith, 1998).

When pantomiming the use of an object, children with typical development between the ages
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of 3 and 9 years employed fewer object gestures and more handling gestures with increasing
age (Boyatzis & Watson, 1993; Dick, Overton, & Kovacs, 2005; O’Reilly, 1995; Weidinger
et al., 2017). Researchers have argued that older children use more handling pantomimes
because they become more familiar with using these objects (Capone, 2007; Dick et al., 2005;
Mizuguchi & Sugai, 2002). In a task with verbal stimuli, children with developmental
language disorder aged between 7 and 13 years (M = 9;9 years) made significantly more use
of the object technique compared to age-matched peers but not compared to younger children
aged between 5 and 6 years (Hill et al., 1998). This increased use of the object technique can
indicate a delayed gesturing development as participants as are unable to make abstraction
from the sensori-motor experience (Hill et al., 1998; Masson-Carro, Goudbeek, & Krahmer,
2015). A strong focus on the object’s shape without considering its associated action or
handling suggests an inability to select the most salient semantic features of the concept to be
gestured (van Nispen et al., 2016; Weidinger et al., 2017). Compared to the handling
technique, the shaping, drawing, and object techniques rely more on visual perceptual features
and less on semantic knowledge.

While Botting et al. (2010) found a correlation between pantomime iconicity and
expressive vocabulary skills in children with developmental language disorder, Taub’s model
does not give a direct role to expressive language. Because reduced semantic knowledge and
lexico-semantic processing can underlie a naming deficit, the result from Botting et al. (2010)
may indicate the role of semantic processing rather than expressive language skills. In a study
by van Nispen et al. (2016), pantomime iconicity in adults with aphasia, oral naming, and
nonverbal semantic processing were all intercorrelated. In earlier studies on pantomime
iconicity in children with developmental language disorder (Botting et al., 2010; Wray et al.
2016, 2017), no information was provided concerning the participants’ semantic association

skills. Diverging results from these studies may perhaps be explained through differences in
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semantic skills between the children with developmental language disorder from the different
studies. Therefore, it is important to consider the role of semantic skills independent from
expressive language skills.
Visuospatial Skills

In addition to semantic processing, Taub’s gesture model (2001) gives a large role to
manipulation of a visual mental image. Several other models rely on mental image activation
during gesturing (de Ruiter, 2000; Hostetter & Alibali, 2008; Kita, 2000). Children with
developmental language disorder and with Williams syndrome experience difficulties with
visuospatial processing. In the former children, storage and organization of visuospatial
information develops in a delayed manner (Akshoomoff, Stiles, & Wulfeck, 2006; Vugs,
Cuperus, Hendriks, & Verhoeven, 2013). This delay seems to increase with the severity of the
language deficit (Vugs et al., 2013). In contrast to this delayed visuospatial processing,
individuals with Williams syndrome have a significant deficit in their visuospatial
construction skills relative to their intellectual functioning (Mervis & John, 2008; Meyer-
Lindenberg et al., 2004). They have performed variably on different visuospatial subtests and
have typically achieved considerably low scores on the block design test (Farran & Jarrold,
2003). Farran, Jarrold, and Gathercole (2001) attribute this to an inability to manipulate
mental images. This ability plays a main role in Taub’s model (2001), which raises the
question whether reduced visuospatial skills negatively affect pantomime iconicity.

Presently, there are no clear results indicating that visuospatial skills may shape
pantomime iconicity. In the gesturing study by Wray et al. (2017) children with
developmental language disorder not only produced pantomimes with lower semantic
saliency but they also had significantly lower results on the block design test compared to
age-matched peers. Pantomime iconicity has correlated positively with nonverbal cognition in

children with developmental language disorder and with typical development, both in Botting
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et al. (2010) where no between-group difference was found in pantomime iconicity and in
Wray et al. (2016) where a between-group difference was found. While differences in gesture
use between these two populations are typically attributed to language skills, Wray et al.
(2017) noted that due to interrelatedness of various cognitive skills researchers cannot
attribute these group differences to language skills when they do not control for visuospatial
skills in their analyses. This implies that between-group analyses need to be complemented
with correlational measures that account for the unique contribution of semantic association
skills, expressive language skills, and visuospatial skills.

In the present study, we aimed to differentiate the influences from these skills on the
quality of pantomimes in two participants groups who seem to use compensatory speech-
replacing gestures (Mastrogiuseppe & Lee, 2017; Wray et al., 2017) but have different
cognitive profiles: participants with developmental language disorder and participants with
Williams syndrome. To achieve this, between-group comparisons were combined with
correlational measures that give insight into the unique contribution of these cognitive skills.
First, we hypothesized that pantomimes have higher iconicity and higher semantic saliency in
participants with developmental language disorder compared to participants with typical
development (Wray et al. 2016; 2017). If semantic skills do not differ between participants
with developmental language disorder and with Williams syndrome, then these variables are
not expected to differ between these participant groups (Capone, 2007; Dick et al., 2005;
Mizuguchi & Sugai, 2002; Taub, 2001). A second hypothesis was that participants with
developmental language disorder produce more object or shaping and fewer handling
pantomimes compared to peers with typical development (Hill et al., 1998; Mol et al., 2013;
van Nispen et al. 2016). If semantic skills do not differ between participants with
developmental language disorder and with Williams syndrome, then representation technique

is not expected to differ between these participant groups (Capone, 2007; Dick et al., 2005;
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Mizuguchi & Sugai, 2002; van Nispen et al. 2016). A third hypothesis was that pantomime
iconicity and semantic saliency are not correlated with expressive language skills but are
positively correlated with semantic association skills (Taub, 2001; van Nispen et al. 2016).
Considering lacking research on visuospatial skills, the hypothesis concerning its relation to
pantomime iconicity is exploratory. It is expected that pantomime iconicity is positively
related to visuospatial skills (Taub, 2001). Finally, we expected that the use of handling
pantomimes would be positively related to semantic association skills whereas the use of
object and drawing/shaping pantomimes would be inversely related (Capone, 2007; Dick et
al., 2005; Mizuguchi & Sugai, 2002; van Nispen et al. 2016).
Method

Participants

This study involved three groups of participants: (a) 25 with developmental language
disorder aged between 7 and 9;11 (16 female, 9 male), (b) 25 with typical development
matched for chronological age (17 female, 9 male), and (c) 14 with Williams syndrome (5
female, 9 male). The target was 20 participants per group. This target was based on earlier
studies and feasibility (Botting et al., 2010; Mastrogiuseppe & Lee, 2017; Wray et al., 2016).
Because Williams syndrome is a rare condition, we only found 15 individuals who qualified
for the study, and one individual chose not to participate. Inclusion criteria for participants
with Williams syndrome were a genetically confirmed diagnosis of Williams syndrome and a
chronological age between 8 and 23. The participants in this study were on average 13;11
(range 9;1 — 23) and had moderate intellectual disabilities.

Inclusion criteria for the participants with developmental language disorder were a
diagnosis of developmental language disorder and chronological age between 7 and 9;11. The
participants with developmental language disorder were on average 8;10 (range 7;4 — 9;10).

The diagnosis entailed that they had (a) no intellectual disability (i.e., performance IQ score
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above 85); no acquired neurological disorder, motor disorder, or psychological/psychiatric
disorder; (b) at least one language subtest score below the 3rd percentile or two language
subtest scores below the 10th percentile; and (c) a persistent language disorder with little
improvement after nine months of intensive language therapy. Multilingualism was not an
exclusion criterion. Exclusion criteria were diagnoses of autism or attention deficit disorder.
For the participants with typical development there was one additional exclusion criterion:
ever having received language therapy. They were matched for chronological age with the
participants with developmental language disorder within a 3-month margin, as specified in
the normative tables of the Peabody Picture Vocabulary Test -III- NL (PPVT-III-NL, Dunn &
Dunn, 2005).

The participants with developmental language disorder and with typical development
were pairwise matched exclusively on chronological age. For this matching procedure, the
age ranges from the PPVT normative tables because these represented the narrowest range
(i.e., 3 months). The participants with Williams syndrome were not pairwise matched to
children with developmental disorder because the rarity of the syndrome did not make this
feasible. At group level, they could not be matched on chronological age due to the
intellectual disabilities of the latter participants. To ensure that the latter group had similar
verbal intelligence, a posthoc check was conducted using the PPVT-III-NL. This test does not
measure verbal intelligence directly but is used here as a time-efficient test that correlates
strongly with verbal intelligence (Dunn & Dunn, 2005). Even though the age range was
considerably larger in the participants with Williams syndrome, age equivalents scores were
similar for the participants with developmental language disorder (M = 7;2 years, Mdn = 7,6
years) and Williams syndrome (M = 7;6 years, Mdn = 7;6 years).

Using convenience sampling, the first author recruited the participants with typical

development and developmental language disorder by contacting schools. She contacted
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speech-language therapists of special education schools who then handed out the informed
consent letter to all the parents of the children who qualified for the study. To recruit
participants with Williams syndrome, the first author contacted the official organization for
parents of children with Williams syndrome. Information was sent to all members via the
organization’s newsletter, and the first author attended a family day to inform parents. The
parents of all participants gave informed written consent, and the first author obtained oral
consent from the participants at the beginning of the data collection session.

Cognitive skills. During individual testing, the Semantic Association Test (SAT) was
administered (Visch-Brink, Stronks, & Denes, 2005). The SAT was developed for adults with
aphasia. It was used because, unlike semantic subtests from WISC III-NL (Kort et al., 2005)
and CELF-4-NL (Kort, Schittekatte, & Compaan, 2010), it does not require verbal responses
and it allows for graded scoring: (a) strong semantic relation (score of 3), (b) somewhat strong
semantic relation (score of 2), (¢) weak semantic relation (score of 1), and (d) no semantic
relation (score of 0). This graded scoring with a maximum score of 90 was used during
analyses. As illustrated in Table 1, the participants with developmental language disorder
scored on average 2.84 fewer points (SD = .90) than their age-matched peers, #48) =3.14,p =
.003. Scores were similar for participants with developmental language disorder and Williams
syndrome, #37) = .29, p=.153, M= 38, SD = 1.29.

To assess visuospatial skills, the Perceptual Organization Index from the WISC-III-NL
was used. This Index is a composite score of four subtests: (a) picture completion, (b) picture
arrangement, (c) block design, and (d) object assembly. While researchers have previously
employed the block design test (Wray et al., 2017) and the Raven’s coloured progressive
matrices (Botting et al., 2010; Wray et al., 2016), a factor score such as the Perceptual
Organization Index score is a more reliable measure than a single subtest score. In addition,

individuals with Williams syndrome have considerable difficulty completing the block design
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test (Farran & Jarrold, 2003; Farran et al., 2001), so that using only this subtest as a measure
of visuospatial skills might have conflated the results. Because scores were lower than the
scores provided in the manual’s age equivalent table, the lower scores were calculated using
the extrapolation method from Toffalini et al. (2019; see Appendix A for details). Table 1
shows that the visuospatial age equivalents of the participants with developmental language
disorder were on average 26.2 months (SD = 5.53) less advanced than the participants with
typical development, #48) =4.74, p <.001. As expected, the visuospatial skills of the
participants with Williams syndrome were on average 19.7 months (SD = 5.39) less advanced
than the skills of the participants with developmental language disorder, #(37) =.29, p =.001.

Finally, expressive language was assessed using the Active Vocabulary subtest from
the CELF-4-NL (Kort et al., 2010). Age equivalents were used because normative results
from these tests are based on chronological age and could not be used for the individuals with
Williams syndrome. The vocabulary skills of the participants with developmental language
disorder were 38.7 months (SD = 4.52) less advanced compared to the participants with
typical development, #(48) = 8.56, p <.001, and 18.6 months (SD = 6.36) less advanced
compared to the participants with Williams syndrome, #(37) =-2.92, p = .006.

In summary, the participants with developmental language disorder scored
significantly lower on all measures compared to the participants with typical development.
The results of the participants with developmental language disorder and with Williams
syndrome showed reverse strength-weakness profiles that align with the characteristics of
their diagnoses. While the children with developmental language disorder had more advanced
visuospatial skills, their expressive language scores were lower compared to the children with
Williams syndrome. Semantic skills were similar between these two groups.

Research Design
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Required approvals were obtained from appropriate ethics boards. In a quasi-
experimental design, pantomimes were elicited. In a between-group design, differences in
pantomime iconicity, semantic saliency, and representational techniques were compared
between participants with typical development and with developmental language disorder as
well as between participants with developmental language disorder and with Williams
syndrome. In addition, these dependent variables were related to the individual scores on the
SAT, Active Vocabulary subtest, and the Perceptual Organization factor from the WISC.
Materials

For the gesture elicitation task, the picture items from van Nispen et al. (2016, 2017)
were adopted. In their pantomime task, they showed 30 pictures of objects from the Boston
Naming Task (Kaplan, Goodglass, & Weintraub, 1983). For the present study, 20 items were
selected because Botting et al. (2010) found that this was a feasible number of items for
participants in this age group and because some items were assumed unfamiliar to primary
school children. As an indicator of an item’s familiarity, the target vocabulary list for 6-year-
olds was used (Schaerlaekens, Kohnstamm, & Lejaegere, 2000). This source summarizes
survey data from teachers and lists Dutch words together with the percentage of 6-year-old
children that are estimated to comprehend each word. Items that were absent from the survey
were excluded, which left 18 items. To obtain 20 items, the pictures TENNIS RACKET and

PELICAN were included due to their close associations with the listed words tennis and bird,

which 84% and 98% of teachers estimated were familiar to the 6-year-old children.
Procedures

Data collection. In two sessions, data were collected for four different studies focusing
on different aspects of gesture use and gesture adoption. Each session lasted about 90
minutes. To keep participants motivated and enthusiastic, tasks were varied. Next to the

cognitive measures and gesture elicitation task,. we also collected data from narrative tasks by
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showing four cartoons, but in the present study we will exclusively focus on the gesture
elicitation task. During the first session the following tasks were presented in a fixed order:
PPVT, CELF Active Vocabulary subtest, cartoon, WISC 2 subtests, cartoon, WISC 2
subtests. During the second session, the participants completed the following sequence: SAT,
cartoon, CELF Formulating Sentences subtest, cartoon, gesture elicitation task.

The gesture elicitation procedure was based on earlier studies (Botting et al., 2010; van
Nispen et al., 2016, 2017; Wray et al., 2016). The participant stood opposite the researcher.
The researcher had a laptop on her lap, with the screen directed towards the participant. On
the screen, picture items appeared one by one. The researcher explained that she could not see
the screen. She wore headphones and explained that she could not hear what the participant
said because music was playing through the headphones (Botting et al., 2010). In a playful
set-up, participants needed to describe what they saw by using gestures so that the researcher
could guess the picture. When gesturing was difficult, the researcher would encourage the
child to undertake multiple attempts. In addition, the researcher occasionally made wrong
guesses in order to encourage the child to undertake an additional attempt.

Data coding and reliability. Similar to earlier studies (Botting et al., 2010; Wray et
al. 2016) , the first author and three research assistants, three speech-language pathology
students, independently assessed each pantomime’s iconicity using a Likert scale ranging
from a score of 1 (no apparent relation between gesture and concept) to 5 (very clear relation
between gesture and concept). In addition, semantic saliency was coded for each gesture
using a self-developed coding scheme whereby each gesture received a saliency score
between 0 and 2 (see Appendix B). Finally, the first author coded representation technique for
each performed gesture and hereby distinguished between handling/enacting, object, and
drawing/shaping (Ortega & Ozyiirek, 2019). Animal personifications were coded as object

gestures. For interrater reliability purposes, one research assistant independently coded
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semantic saliency and representation technique for 66% of the pantomimes. The first author
and research assistant achieved a moderate agreement with Cohen kappa = .645 (80.53%
agreement) for semantic saliency agreement and with Cohen kappa =.755 (85.26%
agreement) for representation technique.

Data analysis. Independent variables were: the group distinction, semantic association
skills (SAT score), expressive language skills (active vocabulary age equivalent), and
visuospatial skills (WISC perceptual organization, age equivalent). Dependent variables were
pantomime iconicity, semantic saliency, and representation technique. An iconicity score was
calculated per participant based on the Likert ratings from the researchers. Per pantomime that
a participant made, we averaged the Likert ratings from the four raters by adding them and
dividing them by 4. To obtain one iconicity score per participant, these averaged scores for
the 20 pantomimes were added per participant. This total iconicity score per participant had a
minimum of 20 and a maximum of 100 as the rating scale ranged between 1 and 5. The
semantic saliency score was the sum of the semantic saliency scores per child (maximum
score of 40). To analyze representation technique, the number of shaping/drawing gestures, of
object gestures, and handle/enact gestures was added per participant.

Statistical analyses were performed with SPSS. Shapiro-Wilk testing and visual
examination of Q-Q plots demonstrated that the dependent variables did not have a normal
distribution. Non-normal data distributions as well as interactions between diagnosis and
cognitive skills meant that an ANCOVA model or linear regression could not be constructed
(see also Wray et al., 2017). Using the non-parametric Mann Whitney U test, two between-
group analyses were conducted for each of the three dependent variables: typical development
compared to developmental language disorder, and developmental language disorder
compared to Williams syndrome. Following the recommendation in Fritz, Morris and

Reichler (2012), the effect size » was used. To examine the relation between the dependent
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variables and the measured cognitive skills, partial Spearman correlations were calculated.
Due to strong intercorrelations between the semantic, expressive language, and visuospatial
skills, each partial correlation controlled for the other two cognitive skills.
Results

Between-group comparisons were conducted with the three dependent variables:
pantomime iconicity, semantic saliency, and representation technique. As shown in Figure 1,
participants with typical development and developmental language disorder did not differ in
pantomime iconicity, U = 247.50, p = .293, but the latter had slightly higher iconicity ratings
than the participants with Williams syndrome, U = 67.50, p = .002. The semantic saliency
score did not differ between participants with typical development and developmental
language disorder, U = 284.50, p = .756, or between participants with developmental
language disorder and Williams syndrome, U = 148.50, p = .560. As illustrated in Table 2,
participants with typical development and developmental language disorder produced
handle/enact strategies to the same extent, U =292.50, p = .880. While participants with
developmental language disorder used more draw/shape gestures than the participants with
typical development, U = 195.50, p = .034, the former produced more object strategies, U =
172.00, p = .009. In contrast, representation techniques did not differ between participants
with developmental language disorder and with Williams syndrome, .087 <p <.731.

Correlational analyses were conducted to examine the contribution of semantic,
expressive language, and visuospatial skills in pantomime quality. Partial Spearman
correlations showed that, as illustrated in Figure 2, pantomime iconicity had a positive
relation with perceptual organization, r; = .442, p <.001, 95% CI [.218, .622]. Pantomime
iconicity had a borderline significant positive relation with semantic skills when controlling
for active vocabulary, s =.244, p = .056, 95% CI [-.004, .464], but this correlation

disappeared when also controlling for perceptual organization, rs = .154, p = .237. A
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significant correlation between pantomime iconicity and active vocabulary, » = .291, p =.021,

95% CI1[.047, .503], disappeared when controlling for semantic association, r; =.149, p <

.248. Semantic saliency correlated significantly with pantomime iconicity, rs =.705, p <.001,

95% CI [.554, .811], and semantic association, 7s = .350, p <.005, 95% CI [.112, .550], but

not expressive vocabulary, 7y = .223; p =.079, or perceptual organization, ;= .198; p = .120.

Representation technique did not significantly correlate with semantic association.
Discussion

Even though individuals with developmental language disorder and with Williams
syndrome use speech-replacing gestures (Mastrogiuseppe & Lee, 2017; Wray et al., 2017),
little is known about how their cognitive skills shape the iconicity of these gestures. This
iconicity is instrumental in facilitating interactions (Rose et al., 2017). Studies on iconicity of
their pantomimes have yielded diverging results for the former participant group (Botting et
al., 2010; Wray et al., 2016) and have not yet been conducted for the latter group. Unraveling
how semantic processing, expressive language, and visuospatial skills each contribute to
individuals’ quality of pantomimes may give insight into these diverging results. In addition,
these factors can guide gesture intervention research, e.g., addressing cognitive skills during
gesture intervention to bolster gesture iconicity or identifying participants who are more likely
to benefit from gesture intervention.

In line with Wray et al. (2016, 2017), it was expected that pantomimes of participants
with developmental language were less iconic compared to participants with typical
development. However, similar to the findings from Botting et al. (2010), the present
participants with developmental language disorder did not produce pantomimes that were less
iconic than the pantomimes of age-matched peers with typical development. Nevertheless,
individual results also provide some support for Wray et al. (2016). The data of the

participants with developmental language disorder showed a larger spread towards the lower
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end of the Likert rating. Participants with Williams syndrome produced pantomimes that were
lower in iconicity compared to participants with developmental language disorder. While it
was expected that iconicity would be similar considering that these participant groups had
similar semantic association test scores, the visuospatial deficit may have affected pantomime
iconicity.

Supporting Taub’s model (2001), correlation analyses showed that visuospatial skills
correlated with pantomime iconicity. This finding may account for earlier diverging results
concerning the pantomime iconicity of participants with developmental language disorder
(Botting et al., 2010; Wray et al. 2016) and may also explain the present between-group
results. Compared to participants with typical development, the participants with
developmental language disorder not only demonstrated a larger spread towards lower Likert
ratings but also towards lower visuospatial skills. Furthermore, individuals with Williams
syndrome had both significantly lower pantomime iconicity and significantly lower
visuospatial skills. Subgroup trends in Figure 2 suggest that the relation between visuospatial
skills and gesture iconicity was particularly important as visuospatial skills decreased. The
data from the participants with Williams syndrome were grouped in the lower end of the
visuospatial skills and of the gesture iconicity. It is remarkable that participants with Williams
syndrome differed with respect to iconicity but not semantic saliency or representation
technique. Based on the correlation with visuospatial skills, one hypothesis is that their
visuospatial skills affected the motor accuracy of their pantomimes. In children with Williams
syndrome, an association has been found between visuospatial skills and motor coordination
(Heiz & Barisnokov, 2016).

While semantic saliency did not differ between the participant groups, a small
difference in representation technique was found. Participants with developmental language

disorder used slightly more draw/shape gestures than participants with typical development
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who used more object gestures. On the one hand, this finding contrasts with Hill et al. (1998)
who found that participants with developmental language disorder used more object gestures.
One significant difference is that the participants in the present study are older. Perhaps,
participants with developmental language disorder have caught up any delayed gesturing
development by the age of 7. On the other hand, the trade-off between object and handle
pantomimes found in Hill et al. (1998) seems to have shifted towards draw/shape and object
gestures; using relatively more draw/shape gestures also requires less semantic knowledge
(van Nispen et al., 2016). Nevertheless, the lack of a correlation between semantic skills and
representation technique cautions against interpreting this between-group difference in light
of semantic knowledge. The lack of this influence may also have been caused by the less
severe impaired semantic processing of the present participants.

While the semantic association test scores were not directly related to pantomime
iconicity, they echoed results from research in adults with aphasia and children with typical
development as they showed a moderate positive correlation with gestural semantic saliency
that in turn correlated strongly with pantomime iconicity (Hogrefe et al., 2012; van Nispen et
al., 2016, 2017; Weidinger et al., 2017). In contrast to the findings from van Nispen et al.
(2016), the slightly higher use of shaping pantomimes by participants with developmental
language disorder was not associated with semantic processing skills. A possible explanation
may lie in the choice of test. While the present SAT scores (Mdn = 26) and the SAT scores
from the persons with aphasia (Mdn = 27.5) in the study by van Nispen et al. did not
significantly differ, U = 1198.50, p = .90, the minimum score varied strongly with a score of
21/30 in the present study and a score of 6/30 in the study by van Nispen et al. This leaves
the possibility that semantic processing affects pantomime iconicity primarily when semantic
processing is severely compromised.

Clinical Implications



Running head: GESTURE QUALITY AND COGNITIVE PROFILE 22

The present findings underscore the importance of considering individuals’
visuospatial skills and to lesser extent semantic skills when encouraging natural gestures.
Clinicians who encourage individuals with language difficulties to use natural gestures should
consider the level of visuospatial skills. Individuals who have weak visuospatial skills, such as
participants with Williams syndrome and with developmental language disorder who have
weaker visuospatial skills, may produce more speech-replacing gestures with lower iconicity.
Nevertheless, it remains unclear how exactly visuospatial skills affect gesture iconicity and
how closely this relation is linked to motor coordination. While the present study does not
indicate that the iconicity is too low to negatively impact functional communication, it is
important to consider that gesture use in these children may be more difficult.

Limitations and Future Directions

Two main limitations concern the pantomime procedure and the statistical procedure.
During the pantomime task, participants were encouraged to try multiple attempts if they
found gesturing difficult. The results could have been different if the researchers had rated the
first rather than the best attempt. In addition, no script was in place for the playful wrong
guesses of the researcher. Consequently, it cannot be ruled out that these guesses guided the
participants towards producing more semantically salient gestures. Because gesture iconicity
is very difficult to assess in co-speech gestures due to the close relation to speech, an artificial
task was adopted. The artificial nature of the task limits generalizability to natural contexts.
Nevertheless, this study gives a first indication concerning which individuals may need
additional support during a gesture intervention and which cognitive skills may facilitate this
process. Gesture use involves much more than iconicity. The facilitatory effect also relies on
how participants employ gestures within a given linguistic and communicative context (Wray
et al., 2017) and how these gestures help listeners to understand the message. Further study of

the present participants’ use of speech-replacing gestures in a communicative context is
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warranted to gain further insight into its facilitative effect and how this effect may be
increased.

Because the data were not normally distributed, it was not possible to conduct
ANCOVA or linear regression. Due to non-normal distribution, these analyses were split into
between-group testing and correlational analyses. By using simple tests, statistical power was
increased but it also meant that interpretation was based on combining different test results
rather than relying on one exhaustive statistical test. Based on earlier studies and feasibility,
the preset target was 20 participants in each group. For a Mann Whitney U test to detect a
large effect size with power 0.8, each group should contain 27 participants. Therefore, when
the chance arose, more participants were included in the study so that 25 participants were
achieved in two groups. Unfortunately, even though recruiting of participants with Williams
syndrome was efficient thanks to the collaboration of the parent organization, only 14
participants were included. To indicate the results’ reliability, confidence intervals have been
included. Correlation analyses per group were not possible because this would have entailed a
significant reduction in statistical power. It remains possible that relations between cognitive
skills, gesture iconicity, and gesture use differ between the groups.

Conclusion

Pantomime iconicity was significantly lower in individuals with Williams syndrome
and in some children with developmental language disorder. In line with Taub’s model
(2001), visualization and semantic association skills positively affected pantomime iconicity.
The lower visuospatial skills of these participants seemed to be associated with lower
pantomime iconicity. Even though they had pictures to start from, their ability to mentally
manipulate visual information strongly affected gesture iconicity. The lower pantomime
iconicity of participants with Williams syndrome compared to participants with

developmental language disorder was not accompanied by a significant difference in the
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pantomimes’ semantic saliency. Nevertheless, across all groups pantomime iconicity rose
significantly as participants encoded more distinct semantic features. While participants with
developmental language disorder did not produce less iconic or semantically weaker
pantomimes compared to participants with typical development, a small difference in
representation technique suggests that the former have a slightly delayed gesturing
development. Due to the artificial nature of this task, additional study research is needed on
the iconicity and quality of speech-replacing gestures that participants produce during speech.

As Wray et al. (2017) aptly wrote, it is all about the quality of gestures.
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Table 1

The Average, Minimum, and Maximum Scores for the Semantic Association Test Score and
Age Equivalents (in months) on Expressive Language and Visuospatial Skills

Participant group Semantic Active Perceptual
association vocabulary organization
Typically developing 86.36 (77,90)  102.88 (75,130) 112.2 (81, 163)

Developmental language disorder 83.53 (75, 89) 64.20 (36, 100)  86.0 (58, 118)
Williams syndrome 83.14 (73, 89) 82.79 (36, 130)  66.29 (43, 90)
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Table 2

Median Scores for Pantomime Iconicity, Semantic Saliency and Representation Technique per
Participant Group

Dependent variable Typically Developmental Williams
developing language disorder syndrome
Pantomime iconicity 3.90 3.74 3.06
Semantic saliency 29.00 29.50 29.50
Handle/enact strategy 11 12 11
Object strategy 6 4 5
Draw/shape strategy 2 4 4

Note. The figures in bold represent between-group results that significantly differ.
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Figure 1. Pantomime iconicity ratings of participants with typical development,

developmental language disorder, or Williams syndrome.
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Appendix A

Exponential Regression Curves for the WISC-III Perceptual Organization Index Subtests

Subtest R F dfl  df2 p Intercept  Coefficient
Picture completion 986  777.62 1 11 <001 30.57 .073
Picture arrangement 991  2689.30 1 25 <001 53.03 .029
Block design 982 142790 1 26 <.001 48.69 022
Object assembly 996  3721.17 1 16 <.001 27.24 .052

Note. df1 = degrees of freedom for the numerator; df2 = degrees of freedom for the denominator
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Appendix B

Scoring Rubric for the Pantomimes’ Semantic Saliency

Picture item

Feature 1

Feature 2

House

Helicopter
Hammock

Tree
Wheelchair

Pelican
Tennisracket
Harmonica
Whistle
Igloo
Mask
Cactus

Bed
Funnel
Rhinoceros
Comb

Saw

Toothbrush

Scissors
Broom

Roof

Flying around, moving
Hanging in hammock

Rocking/moving side to side

Leaves, branches, crown
Wheels turning

Bird

Swinging (racket)
Music, moving sideways
Blowing

Cold

Face location, tying strings
Branches, shape

Sleep

Shape of funnel

Animal

Hair location, combing
Moving back and forth

Brushing teeth, mouth
location

Opening and closing
Moving back and forth

Square (part under the roof), opening
door, stepping inside

Moving motion (propellor)

Shape of hammock, tying the ends

Tree trunk

Sitting, driving another person in
wheelchair

Large beak

Shape of racket, throwing ball in air
Mouth location

Mouth location

Shape of igloo, stepping inside
Making faces, playing monster
Thorns, pain, pricking

Shape of bed

Pooring

Horn

Shape of comb

Object being sawed (tree, arm, ...), shape
of saw

Shape toothbrush

Shape of scissors
Dirty, picking up dirt from floor

Note. Each gesture in the elicitation task received a semantic saliency score. A new scoring

rubric was developed. The gesture received a score of 0 when neither of the two listed

elements was presented. A score of 1 meant that either elements from Feature 1 or elements

from Feature 2 were represented in the gesture. A score of 2 signified that elements from both

features could be deduced from the gesture.



