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Abstract

Research on the development of the gesture—speech integrated system suggests that the
temporal alignment becomes closer with progression in linguistic skills. In this study, the
multimodal communicative combinations of pointing gestures with speech (vocalizations and
first words) in two groups of 18-month-old children with different developmental trajectories
in their linguistic development were analyzed: a group of typically developed children and a
group of children delayed in language acquisition—as attested retrospectively by a
standardized test. Using the reliable paradigm of the decorated room to elicit pointing behavior
in children, the analyses focussed on the timing between the two modalities and the temporal
distances between gesture and speech onsets. Similar patterns of gesture—speech integration
were found for both groups.

1. Introduction

For adult speakers, there is wide consensus that gesture and speech form an integrated
communicative system (Kendon, 1980; Kita & Ozyiirek, 2003; McNeill, 1992). This view is based
on the observation that gesture and speech are temporally and semantically synchronized (McNeill,
1992). Synchronization on the semantic level means that both modalities refer to the same idea,
either by expressing similar information in gesture and speech (i.e., with one modality being
redundant with or complementing aspects to the content of the other, e.g., Iverson & Goldin-
Meadow, 2005), or by gesture and speech expressing information that supplement one another.
Semantic synchronization has been used to show how children first express themselves
multimodally and are increasingly able to combine information within one modality (Iverson &
Goldin-Meadow, 2005).

Beside the semantic level, synchronization on the temporal level means that the most prominent
part of the gesture, i.e. the stroke, co-occurs with the most prominent part of a speech unit. Follow-
ing Kendon (1980), a gesture’s execution can be described in different phases: the “preparation
phase”, in which the hand leaves its rest position, the “stroke”, and the “retraction”, in which the
hand or arm return to the rest position. For adult speakers, it has been reported that the onset of a
gesture precedes the onset of speech (Bergmann, Aksu, & Kopp, 2011), while the gestural stroke is
temporally closely aligned with the onset of the spoken part of an utterance (with a mean temporal
distance of about 128 ms between the stroke onset and the onset of speech; Bergmann et al., 2011).

For children’s developing communication system, it is of question how and when speech and
gesture become integrated. This question is addressed by analyzing the age at which gesture and
speech are synchronized on the semantic and temporal level respectively (e.g., Butcher & Goldin-
Meadow, 2000; Esteve-Gibert & Prieto, 2014; Murillo, Ortega, Otones, Rujas, & Casla, 2018). In
this paper, I will focus on the temporal level.

Studies on precursors for the integrated gesture—speech system investigated the co-
development of hand movements and movements of the mouth or vocalizations, and found both
modalities to be temporally integrated from very early on (e.g., Ejiri & Masataka, 2001; Iverson &
Thelen, 1999; Masataka, 2003). However, with increasing linguistic capabilities this temporal
relation becomes closer, as Iverson and Thelen (1999) report for children between 16 and 18 months
of'age compared to younger children. Similar results were obtained for communicative gestures, of
which deictic gestures are the most frequently used type observed in young children (Bates, 1976;
Capone & McGregor, 2004). Butcher and Goldin-Meadow (2000) reported that children temporally
synchronize verbal utterances and their communicative gestures, mainly deictic gestures at this age,
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not until they started to produce their gestures together with meaningful words, as opposed to
gestures produced with speech sounds. Note that in this study, temporal integration was operatio-
nalized as a complete overlap of the verbal part with the gestural stroke. Esteve-Gibert and Prieto
(2014) also included partial overlaps in their analyses of a longitudinal study and were able to shed
light onto developmental changes in the temporal coordination of the earliest gesture—speech com-
binations in a fine-grained way using different measures. This way, the authors revealed support
for a closer temporal relation between communicative gestures and speech with increasing linguis-
tic abilities: At 11 months of age, when infants are at the babbling stage, they already combine
about 40% of their (mainly deictic) gestures with verbal utterances; critically, once infants produce
their first words, the majority of gestures are produced together with speech. Further, and similar
to the temporal coordination reported for adult speakers, in this study, the infants’ gesture onset
preceded the onset of the verbal utterance. Interestingly, the temporal distance between those two
measures appeared to be more adult-like in the single-word period compared to the babbling period.
Analyses of the temporal distance between the gestural stroke and the onset of the spoken part of
the utterances revealed very small differences between the two measures, thus showing that gestures
and words were almost simultaneously produced. In sum, the two studies mentioned above show
that children start to temporally integrate speech and gestures at an early age, and this temporal
relation becomes closer aligned with progress in linguistic skills (see also Murillo et al., 2018).

Many studies have shown a strong and positive relation of infants’ use of deictic gestures and
their subsequent lexical and syntactic development (e.g., Beuker, Rommelse, Donders, & Buitelaar,
2013; Colonnesi, Stams, Koster, & Noom, 2010; Rowe & Goldin-Meadow, 2009; Rowe,
Ozcaliskan, & Goldin-Meadow, 2008), not only in children whose language develops typically but
also in clinical populations (Brady, Marquis, Fleming, & McLean, 2004; Liike, Grimminger,
Rohlfing, Liszkowski, & Ritterfeld, 2017; Ozcaliskan, Adamson, & Dimitrova, 2016; Stolt et al.,
2014). Beyond these results, recently the focus seems to have moved from considering the
frequency of pointing alone to considering pointing—speech combinations, which might be an even
better predictor of lexical skills (Igualada, Bosch, & Prieto, 2015; Murillo & Belinchon, 2012; Wu
& Gros-Louis, 2014) and advances in syntactic development (e.g., Fasolo & D’Odorico, 2012;
Rowe & Goldin-Meadow, 2009).

Up to date, however, studies addressing the use of pointing—speech combinations in children
who show different rates in their early language development are missing. Given the results that the
frequency of pointing—speech combinations predicts later linguistic skills, and that the temporal
integration becomes closer with increasing linguistic skills, for this study, I hypothesize that the
timing of pointing—speech combinations of LD children will differ from that of children with whose
linguistic skills are lower. More specifically, [ assume that the temporal distance between the onset
of the gesture stroke and the onset of the spoken part of the utterance is greater in children with LD.
A second hypothesis is that the combinations of pointing gestures with words are temporally closer
aligned than pointing gestures with vocalizations. These two hypotheses are examined in children
at the age of 18 months, at which period typically developing children start to produce two-word-
utterances in speech (cf. Klann-Delius, 2016).

2. Methods

2.1. Participants

14 German-learning children were drawn from a larger sample of 34 families participating in a
longitudinal study between 12 and 30 months of age (Grimminger, 2017). Within the whole sample,
eight children were identified as being language delayed (LD) at 24 months of age (see below). One
of the children with LD was excluded from the analyses here because the parents did not give
consent for further analyses. The final sample thus consisted of seven children with LD (2 girls, 5
boys). Seven children with typical language development (TD) were matched for gender.

2.2. Setting and procedure

To elicit spontaneous pointing and verbal utterances, the infants and one of their caregivers (85 %
mothers) were observed in a semi-naturalistic setting within a laboratory room that was selectively
decorated with 16 interesting objects, pictures (Liszkowski & Tomasello, 2011), and events (e.g.,
sudden onset of a water fountain). Because we started the longitudinal study when the children were
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12 months old, at 18 months of age, they had been in this decorated room with a caregiver several
times before. At every session, caregivers were instructed to engage with their children while
carrying them for 6 minutes and looking at the objects presented in the room without touching any
of them. The data were videorecorded using four cameras from different angles of the room.

2.3. Assessment of language development

To assess the children’s language development at 24 months of age, a German standardized
language test was administered (Sprachentwicklungstest fiir zweijdhrige Kinder — SETK-2) [test of
language acquisition for two-year-old children] (Grimm, 2000). In accordance with other authors
(Heilmann, Ellis Weismer, Evans, & Hollar, 2005; Sachse & von Suchodoletz, 2008), a two-year-
old child was defined as being language delayed if she or he scored 1% standard deviations below
the mean (i.e., T-score of < 35) in at least one of the four subtests of the SETK-2 and one standard
deviation below the mean in at least one additional subtest (i.e., T-score of < 40).

2.4. Coding

All verbal utterances and gestures of the children were coded using ELAN (Sloetjes & Wittenburg,
2008). Pointing gestures, defined as the extension of the index finger or the whole hand towards an
object or location, were the majority of gestures used, and thus, other gesture types will be omitted
for the analyses here. For each pointing gesture that was accompanied by a verbal utterance the
gesture onset, i.e. the beginning of the preparation phase, and the stroke was coded in order to
analyze the timing between the onset of a verbal utterance and the onset of a gesture and its stroke.
The gestural stroke was coded as the interval in which the arm and/or index finger were maximally
extended (see Esteve-Gibert & Prieto, 2014). The pointing—speech combinations were assigned to
one of the following categories: (a) pointing+vocalization; (b) pointing+protoword (German “da”):
these combinations were coded as an extra category (see also Liszkowski & Tomasello, 2011),
because they mark a transition phase to semantically more complex forms of pointing—speech
combinations that contain a word (Clark, 1978); (c) pointing+word. Pointing+two-word utterances
were observed only on few occasions, and were therefore excluded from the statistical analyses of
temporal distance.

Pointing gestures and verbal utterances that did not at least partially overlap were not
considered. If a pointing gesture was accompanied by more than one vocalization, the vocalization
closest to the gestural stroke was considered. As an additional measure of temporal coordination, it
was coded if the gestural stroke overlapped with the verbal part, either fully, partially or not.

3. Results

First, in most cases of pointing—speech combinations (371 cases in total), the gesture onset preceded
the onset of the verbal part (91.4%), and children in both language development groups, TD versus
LD, were as likely to do so: TD children, M=92.5% (SD=5.6), children with LD, M=84.8%
(SD=16.5), p > .05 (Mann-Whitney). Second, in the majority of cases of pointing—speech
combinations, the onset of the pointing gesture’s stroke followed the onset of speech (73.8%).
Again, no differences between both language development groups were found, TD children,
M=70.1% (SD=2.3), children with LD, M=77.4% (SD=14.7), p > .05 (Mann-Whitney). These
results are consistent with previous research and show that at 18 months of age, TD children and
children with LD are comparable in their overall pattern of how pointing gestures and speech are
aligned. However, some of the children with LD mainly used either vocalizations together with
their pointing gestures or protowords, whereas TD children used all forms of combinations. This
observation is reflected in the results showing significant group differences in the number of
pointing+1-word utterance, Z=-3.27, p=.001, and pointing+two-word utterances, Z= -2.25, p= 05,
but not in the number of pointing+vocalizations and pointing+protowords (both p > .05, Fig. 1).
While above, the onsets of the two modalities were compared to each other, in the following
analyses their temporal distance is considered. Following the finding that temporal integration
becomes closer with increasing linguistic skills, it was hypothesized that group differences can be
found in the temporal distance between gesture and speech. Thus, the mean temporal distances in
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Figure 1. Comparison of the two groups in their use of different types of pointing—speech combinations.

milliseconds between (1) gesture onset and speech onset, and (2) between speech onset and gestural
stroke onset were calculated (see Esteve-Gibert & Prieto, 2014). For each participant, the mean
temporal distances in milliseconds were separately calculated for each category of pointing—speech
combinations, and these variables were compared across the two language development groups.
Only those cases were included in which the gesture onset preceded the onset of the verbal part.
Contrary to the assumption, the groups did not differ significantly, neither in the temporal distance
between pointing onset and speech onset, separately for combinations with vocalizations, proto-
words, or one-word utterances (each p > .05), nor in the temporal distance between speech onset
and stroke onset, again separately for each type of combination (each p > .05, Table 1 for the
descriptive statistics).

Table 1
Descriptive statistics of temporal distances in millseconds
TD LD
M SD M SD

gesture onset — speech onset
vocalization 673,68 220,77 948,62 647,03
protowords 568,68 203,89 487,31 188,10
1-word 455,90 290,72 530,00
speech onset — stroke onset
vocalization 225,51 134,67 253,45 94,92
protowords 266,58 107,13 260,95 92,42
1-word 291,10 163,83 434,00

A further hypothesis was that the combinations of pointing gestures with words are temporally
closer aligned than pointing gestures with vocalizations. Because no group differences were found,
the sample was analyzed as a whole to address this hypothesis. As shown above, the children with
LD barely used pointing+1-word combinations, and a Friedman’s test was conducted to compare
the temporal distances of pointing onset with vocalizations, protowords, and one-word utterances,
respectively. This analyses did not yield significant differences, X2(2) = .67, p >.05. Because four
of the children with LD did not produce any pointing gestures with words, this analysis was
performed with N = 8. To include more children, we additionally compared the temporal distances
of pointing onsets with vocalizations and pointing onsets with protowords using a Wilcoxon test.
No differences were found, Z=-1.65, p > .05, N=11. To compare the distance between the onset
of vocalizations and protowords, respectively, and the onset of the gesture stroke, we applied a
Wilcoxon test. Again, no differences were found, Z=-1.48, p > .05, N=12. We also did not find
significant differences between the language development groups when comparing the percentage
of pointing—speech combinations in which the gesture stroke did not overlap with the spoken part.
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4. Discussion

For adult speakers, gesture and speech form an integrated system. Research on gesture—speech
integration from a developmental perspective focusses on how and when this integration is
achieved, and has impressively shown that infants quite early start to temporally align their manual
and vocal activities (e.g., Ejiri & Masataka, 2001; Iverson & Thelen, 1999; Masataka, 2003).
However, with increasing linguistic skills, this integrated system becomes more adult-like (Esteve-
Gibert & Prieto, 2014; Murillo et al., 2018). Therefore, in this study, I investigated the temporal
integration of children’s early vocalizations, protowords and words with their gestures in two
groups of children that retrospectively differed in their language developmental paths to receive
insights into the development of the system. I hypothesized that the timing of pointing—speech
combinations of children with LD will differ from that of TD children who I assumed to show a
closer temporal alignment of the two modalities. In addition, it was hypothesized that the combi-
nations of pointing gestures with words are temporally closer aligned than pointing gestures with
vocalizations. No group differences were found in how children synchronize their pointing gestures
with vocal behaviors. Instead, the results for both groups of children are consistent with previous
research in adults and infants: The gesture onset preceded the onset of the verbal part, and the onset
of the pointing gesture’s stroke followed the onset of speech (Bergmann et al., 2011; Esteve-Gibert
& Prieto, 2014). This result is intriguing as it suggests a similar processing of early communicative
behavior for both, the TD children and children with LD. The only difference that was found
pertains to the number of pointing gestures with words being higher in TD children than in children
with LD (see Figure 1). Thus, while the TD children at 18 months of age might have a more diverse
repertoire of their multimodal communicative means, by using pointing gestures together with
different kinds of verbal utterances, the children with LD make greater use of pointing gestures with
vocalizations or protowords still. This finding accords with previous findings suggesting that while
toward the end of the second year TD children increasingly used words, the pointing gestures of
children with LD are accompanied by reduced expressive language (Liike et al., 2017).

However, some methodological limitations of this study should be stressed. First, the sample
size in each group is very small which is due to fact that all children were recruited at 12 months of
age for this longitudinal study, and language delay could only be assessed as early as 24 months of
age. The results here therefore need further verification. Second, by averaging the temporal distan-
ces of gesture onset or stroke onset and speech onset across each subject, the data of the stability in
individual patterns were likely stripped: It is possible that the multimodal utterances of children
with LD are less consistently synchronized when considering all pointing attempts; vice versa, TD
children appear to be rather stable in the way they integrate their vocal behaviors with pointing
gestures. To confirm such observations, more fine-grained analyses and methods that are sensitive
to patterns on the individual level are necessary. Secondly, even though Liike et al. (2017) report
about early communicative attempts consisting of two types of pointing gestures, namely the index-
finger pointing and hand pointing, we excluded pointing gestures performed with the whole-hand
from the analyses here, because pointing with the whole hand was shown to be rather negatively
related with later language skills. Further investigations taking any gestural form into account might
thus look at the way integration with verbal behavior is achieved in whole-hand pointing.

Concerning the debate whether children with LD use their gestures to compensate for their
language deficits, our results can be interpreted against the compensation effect, because we found
similar integration of pointing with verbal behaviors in both group of children. In addition, as can
be viewed from Figure 1, it is rather the group of TD children who is using more pointing—word
combinations. With respect to the other forms of speech, no group differences were found.
However, it is possible that focusing our analyses on the data point at which children were 18
months old is problematic, since the compensation effect might come into play when children use
words rather than protowords and vocalizations. Thus, it can rather be that while the gesture—speech
system is developing a similar way in both groups, with increasing linguistic skills, it might start to
serve different functions resulting in increasing compensation. This possibility links to a discussion
about early communicative attempts being of similar or different nature than conventional use of
language (Dore, 1975).
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