Gesture-speech combinations
and early verbal abilities

New longitudinal data during the second year of age

Micaela Capobianco, Elena Antinoro Pizzuto and

Antonella Devescovi
University of Rome “La Sapienza” / Institute of Cognitive Sciences and
Technologies /

This study provides new longitudinal evidence on two major types of gesture-
speech combination that play different roles in children’s early language. We an-
alysed the spontaneous production of 10 Italian children observed monthly from
10-12 to 23-25 months of age. We evaluated the extent to which the developmen-
tal trends observed in children’s early gesture—-word and word-word productions
can predict subsequent verbal abilities. The results indicate that “complementary”
and “supplementary” gesture-speech combinations predict subsequent language
development in a different manner: While the onset of “supplementary” combi-
nations predicts the onset of two-word combinations, the use of “complemen-
tary” combinations at 12 and 18 months predicts the vocabulary and the ability
to produce more words utterances at 2 years of age. Moreover, the results suggest
that both “complementary” and “supplementary” crossmodal combinations are
good predictive indexes of early verbal skills during the second year of age.
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Introduction

This study is framed in relation to recent and older research on the multimodal
characteristics of early communication and language development, with refer-
ence to the role of gesture—speech in the development of complex verbal utter-
ances. We focus on the transition period from the onset of a one-word utterance,
around 12 months of age, to the appearance of two and multiword combinations,
at around 1-24 months (Butcher & Goldin-Meadow, 2000; Camaioni, Aureli,
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Bellagamba & Presaghi, 2004; Capirci, Caselli, Iverson, Pizzuto & Volterra, 2002;
Capirci, Contaldo & Volterra, 2003; Capirci, Contaldo, Caselli & Volterra, 2005;
Capobianco, 2015; Colletta & Guidetti, 2012; Goldin-Meadow & Butcher, 2003;
Guidetti, 2002; Iverson, Capirci, Volterra & Goldin-Meadow, 2008; McEachern
& Haynes, 2004; Pizzuto, Capobianco & Devescovi, 2003; Pizzuto, Capobianco &
Devescovi, 2005; Pizzuto, Capobianco & Devescovi, 2009; Stefanini, Bello, Caselli,
Iverson & Volterra, 2009; Volterra, Caselli, Capirci & Pizzuto, 2005). Drawing on
a large corpus of longitudinal data — with numerous observations over time - the
primary objective of the present study is to contribute to a clearer understanding
of the specific roles that different types of gesture-speech combinations play in
children’s early language.

As highlighted in the literature, so-called crossmodal or transmodal com-
binations between gesture and speech represent a remarkable portion of chil-
dren’s utterances in the first 2 years of life; these comprise words accompanied
by deictic gestures (DGs), particularly POINTING; the other deictic gestures are
“REQUEST” and “SHOW” (Capirci et al., 1996; Pizzuto & Capobianco, 2009).
DGs all fulfil the basic function of “drawing the interlocutor’s attention towards
something in the environment,” as has been extensively described in the literature
(Capirci et al., 1996). The three types of DGs can be defined as follows: POINT:
Extending the index finger - or in some cases, the full hand - toward an object,
location, or person; SHOW: Holding up an object in the adult’s line of sight; and
REQUEST: Extending the arm toward an object, location, or person, sometimes
with a repeated opening and closing of the hand.

Although authors agree that children produce a considerable quantity of these
combinations before they use two words together, there still are discrepancies with
respect to the role that different authors ascribe to combinations with different in-
formation (see below). Such discrepancies may often be explained based on theo-
retical and methodological differences in the classification and interpretation of
children’s early gestural-vocal and vocal-only productions.

Goldin-Meadow & Morford (1990) were the first to propose what we view
as an important distinction between “complementary” and “supplementary” ges-
ture-word combinations essentially involving POINTING gestures and words.
Specifically, Goldin-Meadow & Morford (1990) defined gesture-word utteranc-
es where the two modalities refer to the “same semantic element,” and in these
authors’ view, this redundantly enhances the meaning expressed by the word
as “complementary” (for example, POINTING at a glass and saying “glass”). In
subsequent work, using a different terminology and partially different datasets,
Butcher and Goldin-Meadow (2000) and Goldin-Meadow & Butcher (2003) de-
lineated that in “supplementary” utterances, DGs and speech instead refer to two
distinct semantic elements, as in POINTING at a glass and saying “outside”; here,
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POINTING is equivalent to the noun “glass” at both the semantic and functional
levels, while the word “outside” represents a predicative act. Alternatively, “supple-
mentary” utterances may involve combinations where the gesture singles out a
referent that is different from that of the word (e.g., POINTING at a glass and say-
ing “mummy”). The authors underlined that with the second type of combinations
(“where the gesture refers to a referent that is different from that of the word”), the
child produces two different elements in the same utterance.

In longitudinal research including six American children, Butcher and Goldin-
Meadow (2000) and Goldin-Meadow and Butcher (2003) found that the onset of
combinations of pointing gestures and speech having the same meaning (“comple-
mentary”) marks the beginning of the integration of the two modalities in child
development. The combinations where pointing gestures and speech express dif-
ferent information (two distinct semantic elements) are significantly related to the
onset of two-word combinations. The children who first combine pointing ges-
tures and speech to express different pieces of information also seem to be first
to produce early word combinations. The authors observed that combinations of
pointing gestures and speech with different information (“supplementary”) seem
to play an important role in the development of two-word combinations, and con-
sequently, they have predictive value for the development of word utterances.

Similar findings were reported by McEachern & Haynes (2004) in a longi-
tudinal study on a sample of 10 American children observed from the ages of 16
to 21 months. These researchers identified significant development patterns only
in “supplementary” combinations; in contrast, “complementary” combinations
tended to remain stable over the period of observation. The authors observed an
important role of “supplementary” combinations in the acquisition of the early
verbal skills. A different developmental model, proposed by Capirci et al. (1996,
2003, 2005), Pizzuto et al. (2005), and Pizzuto & Capobianco (2005), stresses the
importance of using comparable criteria in the analysis of gesture-word and word-
word combinations. This model extends the distinction between “complementa-
ry” and “supplementary” combinations to two-word productions to study differ-
ences and links in the information organization of distinct utterances. The authors
also pointed out that the deictic elements (gestural or vocal) in “complementary”
combinations are not redundant; rather, they specify or disambiguate the intended
referent. For example, the child POINTS at a doll and says “baby” or POINTS at
a dish and says “this” In this respect, “complementary” combinations fulfil a pri-
mary “naming” function (Capobianco, 2015; Pizzuto, 2002; Pizzuto et al., 2009;
Pizzuto et al., 2005; Volterra et al., 2005).

In this model, pointing gestures are not considered to replace nouns or
verbs; instead, they are like vocal deictics (e.g., “this,” “that,” “here”). For this
reason, the combination is not interpreted as “redundant”; rather, it is aimed at
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“disambiguating/singling out” the referent. In “supplementary” combinations, the
two elements may refer to the same or to two different referents. In both cases, each
element of the combination adds information to the other. Typical examples of
“supplementary” combinations are two-word utterances, such as “much+balls” or
“open+book;” but crossmodal combinations can also emerge, such as POINTING
(at a book) and saying the word “nice” As noted in Pizzuto et al. (2005), some of
the gesture-word utterances that Butcher & Goldin-Meadow (2000) and Goldin-
Meadow & Butcher (2003) coded as “supplementary” can be classified as “com-
plementary” using more conservative criteria. For example, Butcher & Goldin-
Meadow (2000) and Goldin-Meadow and Butcher (2003) classified utterances
like POINTING at a cow and saying “moo” as “supplementary, thus assigning a
“predicative” meaning to onomatopoeic words. In the encoding system adopted by
Pizzuto et al. (2005) and Pizzuto & Capobianco (2008), the same utterance would
be classified as “complementary”: The onomatopoeic word “moo” is assigned a
“nominal” meaning (simplest form of “cow”) rather than the action meaning of
“moo = to bellow”” If the onomatopoeic word is regarded as a “verb” rather than a
“nome,” the crossmodal combination could be encoded as “supplementary”
Drawing on longitudinal evidence on Italian children, Pizzuto et al. (2005)
and Pizzuto & Capobianco (2005) observed six children from 10 and 24 months
of age using an encoding system adapted from Capirci et al. (1996). The authors
showed that pointing-word crossmodal combinations are primarily of the “com-
plementary” type, whereas word-word combinations are mostly “supplementary”
Thus, children tend to “name” in crossmodal combinations — for example, when
they POINT and say “cup” - and to “predicate” in vocal productions where they
use two names in the word-word combination (Pizzuto et al., 2009). This pattern
differs from that found in adults and older children, who use a variety of gestures
in combination with speech to add information. Adults do point at things and
name them, and they do sometimes point at something and make a comment
about it, but they also do others things with gestures that these extremely young
children do not do (Kendon, 2016; McNeill, 2000; Mayberry & Nicoladis, 2000).
In a more recent study, Fasolo & D’Odorico (2012) found that complementary
gesture-plus-word combination use at 18 months were related with lexical skill
and mean length of utterance (MLU) - but not with utterance complexity — at
24 months; supplementary gesture-plus-word combination use at 18 months was
related with utterance complexity but not with lexical skill or MLU. Ultimately, the
limited number of children examined and/or of the observations over time per
child carried out have not allowed the application of appropriate statistical analyses
to evaluate the significance of different developmental patterns and their predic-
tive value in the development of different early verbal skills in a more detailed way.
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The present study aims to explore and assess the specific contribution of
“complementary” and “supplementary” combinations of gestures and speech in
predicting the onset of early two-word utterances and the development of more
general verbal skills assessed at the end of the second year of life. To accomplish
this, we use a relatively large longitudinal corpus stemming from observations of
10 Italian children observed monthly during the second year of age.

2. Method

2.1 Participants

The sample included 10 typically developing Italian children (six boys and four
girls) who participated in a larger study on early language development in full-
term compared to preterm children (Capobianco, 2006; Capobianco, Pizzuto
& Devescovi, 2007).

All children showed typical development, evaluated through spontaneous
observations and language standardized tools (Capobianco, 2006). The socioeco-
nomic levels of the children’s families were calculated using the Hollingshead Index
(Hollingshead, 1975). Table 1 provides basic information on each child in terms
of gender, weeks and weight at birth, family socioeconomic level, the time period
during which the child was observed, and the number of observations made.

Table 1. Characteristics and videotaping observations of each child

Participants Gender Gestational Weight Hollingshead Period of Number of
Age (weeks) (grams) Index* observations  observations
(months)
1 M 38.3 3040 3 12-25 11
2 M 41 3550 5 12-24 9
3 M 40 3300 5 10-23 13
4 M 39.5 3200 3 10-25 15
5 M 40.3 3500 4 12-24 11
6 M 39.6 3700 2 12-23 10
7 F 39.1 3400 2 12-25 9
8 F 40 3260 4 10-25 14
9 F 39.6 3530 2 12-25 14
10 F 40 3720 4 12-25 14
Mean 40 3420 3.6 12

* Score: 1-2 = low; 3 = middle; 4-5 = high
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As can be seen in Table 1, five children came from families with a high socioeco-
nomic level, two from middle-class families, and three from lower-class families.
Thus, the children in this study had extremely different socioeconomic circum-
stances. However, the assessment of the socioeconomic levels of the participants
in this study was performed for descriptive purposes. It was not possible to explore
any link between the socioeconomic variable and raw linguistic skills given the
need for a larger sample for this type of analysis.

2.2 Data collection procedures

Following a procedure that was successfully employed in previous studies (e.g.,
Capirci et al., 1996; Pizzuto et al., 2005), the children were observed at home dur-
ing videotaped sessions lasting 45 minutes on average while they spontaneously
interacted with their mothers in three different contexts (each lasting 15 minutes),
as follows: playing with new examples of unfamiliar objects (a set of toys provided
by the experimenter), playing with familiar objects, and having a meal or snack.
Observation sessions were scheduled monthly, but as often happens in longitu-
dinal studies of this sort, this schedule could not always be followed, and some
sessions were skipped. The data collected included 10-13 monthly records of each
child in the developmental period between 10-12 and 23-25 months [Table 1].

2.3 Coding and language assessment

All children’s spontaneous gestural and vocal productions were transcribed and
analyzed using Child Language Data Exchange System (CHILDES), standard pro-
cedures (Mac Whinney, 1997). CHILDES is a system used to share and analyze
conversational interactions. Three major tools for child language research are in-
corporated into the system, as follows: — the CHILDES database of transcripts,
— the CHAT system for transcribing and coding data, and - the CLAN programs
for analyzing children’s verbal and nonverbal productions. The communicative
statuses of the children’s utterances made up of gestural and vocal elements were
assessed using the criterion proposed by Thal & Tobias (1992) and Capirci et al.
(1996), where “gestures and words are considered communicative if they were ac-
companied by eye contact with the child’s interlocutor” Both two-element utter-
ances and gesture-word combinations were classified into the “complementary”
and “supplementary” type, as shown in Table 2.

For the present study, to allow appropriate comparisons with studies involv-
ing English-speaking children, the analysis of combinations was limited to those
including a DG and those that represented the most remarkable part of children’s
crossmodal productions. Two verbal measures assessed at the 2-year threshold were
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considered, as follows: (1) size of vocabulary (types of words; number of distinct
word types) and (2) sentence complexity assessed via frequency (tokens) of utteranc-
es of two or more words. For the present work, gestural and vocal elements and ut-
terances observed in the spontaneous productions were identified, interpreted, and
encoded according to the coding scheme used by Pizzuto et al. (2005) and Pizzuto
& Capobianco (2005), which was adapted from Capirci et al. (1996). Table 2 sum-
marizes our coding scheme with examples drawn from the children’s productions.

24 Coding of specific gestures and word types

Following suggestions from Capirci et al. (1996) and Iverson, Capirci & Caselli
(1994), three types of DGs were transcribed and analyzed. These were produced
by the children throughout the period under examination and their function was
to direct adults’ attention towards objects, people, places, or events in the interac-
tion context. These were as follows: POINTING, with the index finger or the whole
open hand directed to objects, places, or events in the surrounding environment
and looking alternatively at the adult and at the object; REQUEST, involving open-
ing and closing the hand, most frequently shifting the eyes from the adult to the
requested object; and SHOWING, where an object is held in the adult’s line of
sight as a way of drawing attention to the object. In some cases, a gesture pro-
duced without holding any object in the hand was also classified as SHOWING. An
example if this is a child showing his/her hand, for instance, because it is “dirty;’
with the clear intention of showing it to his/her mother. In the studies by Pizzuto
et al. (2005) and Pizzuto & Capobianco’s (2005), real words were distinguished
from other vocal elements, such as vocalizations, which have different character-
istics and functions although they have a communicative function in children’s
production. For this study, only representative (rw) and deictic (dw) words were
taken into account, and vocalizations were excluded. Representative words (rw)
include all content words that, in adult language, are assigned to the class of prop-
er and common nouns (“mummy, “food”), verbs (“broken,” “look”), adjectives
(“good,” “nice,” “beautiful”), positive and negative expression (“yes,” “no”), adverbs
("because,” “then”), interjections (“good”), greetings (“bye-bye”), and prepositions
(“above,” “below”). The rw category also includes onomatopoeic forms (ow; e.g.,
“bau-bau” for dog, “miao” for cat, “brum-brum” for car, “amme,” for eating; see
Examples in a.2 in Table 2). The dw include all demonstrative (“this,” “that”) and
locative (“here,” “there”) forms, personal pronouns (“I,” “you,” “we”), and posses-
sive pronouns (“mine,” “yours”).
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Table 2. Coding scheme and notational conventions with illustrative examples of the
children’s gestural and vocal production and verbal measures valued to explore their
predictive role’

A. Types of gectures and words in the children utterances
a.l gesture

« Deictic (DG): POINT, SHOW, REQUEST
a2 words

« Representational (rw): mamma, pappa, piccolo, guarda, si, no
(conventional and onom atopeic) <mommy, food, little, look, yes, no>
cra + cra = rana, bau = cane, miao = gatto
« Deittic (dw): qua, 13, questo, quello, io, tu, mio, tuo
<here, that, this, there, I, you, mine, yours>
B. Two element utterance: Modality, Components, information conveyed
b.1  Crossmodal (DG-w):

Complementary (&)

b.1.1

DG & rw POINT (cat) & “miao” <cat: gatto>
REQUEST (doll) & “doll” <doll: bambola>

b.1.2

DG & dw POINT (ball) & “ball” <ball: palla<

Supplementary (+)

b.1.3

DG +rw POINT (chocolates) + “much”
<chocolates: cioccolatini; much: tanti>

b.1.4

GD + dw sHow (ball) + “T”

<ball: palla; I: io>
b.2  Unimodal vocal (w-w): Complementary (&) and Supplementary (+)

b.2.1

dw & rw this & food; here & baby <questa & pappa, qua & bimbo >
b.2.2

W+ Iw much + bolls, book + open <tante + bolle, apri + libro>
b.2.3

dw +rw I+ mamy, that + beautiful <io + mamma, questo + bello>
b.2.4

dw + dw I + that, that + mine <io + quello, mio + questo>

C. Verbal measure: (1) onset of two words, (2) verbal complexity, (3) repertorie of words around two years oldc.1

onset of two words: onset age of two words utterance in each child’s development

c2

verbal complexity: token of two and more words productions in the last three months in each child
c3

repertorie of words: type of words produced in the last three months in each child

* Adapted from Capirci et al. (1996) and Piavto et al. (2005), in Capobianco (2006). The difference catego-
ries of gestures, words and utterance are described in the text. Abbreviations used throughout the text for
each major category are given in parentheses (i.e DEICTIC GESTURES = DG). Gestures are represented
by English labels, in CAPITALS. Words are iven in lower case letters in English and italian translations.
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2.5 The information relationship in crossmodal and two-words utterances

For this work, only crossmodal combinations made up of one DG and one word
(rw or dw) and two-word combinations were considered, distinguishing between
“‘complementary” (&) and “supplementary” combinations. “Complementary”
combinations, signaled by an “&” character, included all gesture-word or word-
word combinations in which both elements referred to the same referent in the
context and those in which one of the elements in the combination disambiguat-
ed/singled out the object, person, event, or place referred to. In “complementary”
combinations, a DG may be produced in combination with a rw (e.g., the child
POINTS at the ball and says “ball”: GD&rw), an onomatopoeic word (the child
POINTS at the cat and says “miao”: DG&ow), or a deictic word (the child poINTs at
the plate and says “this”: DG&dw). The same function is also expressed in two-word
combinations made up of one dw and one rw, for example, “this & ball” or “here &
plate” (dw&rw). In contrast to the views expressed by Butcher & Goldin-Meadow
(2000), Goldin-Meadow & Butcher (2003), and McEachern & Haynes (2004), who
considered complementary combinations “redundant,” but in line with remarks
made by Pizzuto et al. (2005), we do not view the DG, which is the pointing, to
be assimilated to the word to which it refers (“ball” in the example above). Rather,
in this work, we suggest that it retains its meaning of “deixis”/“reference” (“this”
is the verbal form) relative to the context to which it refers. We think that in these
combinations, the DG is not assimilated to the meaning of the word it is combined
with. Children use the “complementary” crossmodal combination to “name” or
“specify” an element of the interaction context.

“Supplementary” utterances, indicated with a “+” character, referred to either
a single referent (most frequently) or to two referents. In all cases, each combined
element added information to the other one (see Examples b.1.3 and b.1.4 in
Table 2). Examples of “supplementary” utterances include combinations of one
DG and one word (rw or dw), for example, POINTING at a chocolate and saying
“a lot” (DG+rw) or two words (representative or deictic), as in the combination
“baby-+nice” (rw+rw).

Another important methodological aspect is the interpretation of gesture and
speech combinations produced by children as “complementary” versus “supple-
mentary.” For example, Butcher & Goldin-Meadow (2000) and Goldin-Meadow
& Butcher (2003) classified utterances like POINTING at a cow and saying “moo”
as “supplementary;” thereby assigning a “predicative” meaning to the onomato-
poeic word. In the encoding system adopted by Pizzuto et al. (2005) and Pizzuto &
Capobianco (2008), in contrast, such utterances are classified as “complementary”:
A nominal meaning (“cow”) rather than a verbal one is assigned to the onomato-
poeic word “moo””
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2.6 Data analysis

The frequency of combinations of gestures and words and two or more words pro-
duced by each child during development was examined via an individual profile
description to identify the common development trends across children. A poly-
nomial regression analysis, appropriate in studies with measures that are repeated
over time, was also used to analyze the mean trend of each combination type, R
square percentage, and significance of individual development patterns observed
over time that were calculated for the 10 children. To assess the predictive value
of the use of “complementary” and “supplementary” combinations of gestures and
words with respect to subsequent verbal development, the Pearson product-mo-
ment correlation test was used (p < .05 and <.01).

The frequencies of the two combination types observed at 12, 15, and 18
months of age were correlated with the onset of two-word utterances and two
measures of verbal development assessed over each child’s last three observation
sessions (at 22-25 months). These two measures were as follows: (1) verbal com-
plexity: mean frequency (tokens) of combinations of two or more words and (2)
vocabulary size: repertoire (types) of words. Using the same correlation test, the
study observed the predictive value of the onset and use of “complementary” and
“supplementary” crossmodal combinations with the onset of two-word combina-
tions and verbal abilities during the second year of age. Finally, if necessary, the
specific weight (standard P coefficient) of the combinations of gestures and speech
correlating with the same verbal measure was calculated through a multiple regres-
sion analysis (standard model) to single out the best predictor for that verbal skill
assessed just before 2 years of age.

3. Results and discussion

3.1 Complementary and supplementary crossmodal and two-word
utterances: Individual profiles and estimated development across children

For the production of each child, Figures 1-10 show the frequency of crossmodal
combinations of gestures and speech with “complementary” (DG&w) and “sup-
plementary” (DG+w) relationships in relation to the corresponding vocal combi-
nations with “complementary” (w&w) and “supplementary” (w+w) relationships.
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Figures 1-10. Token of “complementary” versus “supplementary” cross-modal and vocal
combinations in each child’s production at different age

Despite important individual differences observed in the frequency of use of the
two combinations types, all children showed similar developmental patterns and
stages. The combinations of gestures and speech with a “complementary” relation-
ship (DG&w) appeared first, around 12.5 months of age on average, with a range
of 10-15 months; these prevailed over “supplementary” combinations (DG+w) in
almost all children’s productions. “Supplementary” combinations appeared later in
development, at around 17.5 months of age on average, with a wider range of 15—
20 months; such combinations generally showed lower frequencies compared to
“complementary” combinations in all observed children (the two types of combina-
tions only showed overlapping values in subject 1, from 19 months of age onward).

In contrast to what happens for crossmodal combinations, in two-word com-
binations, “supplementary” relationships prevailed, in accordance with the find-
ings of Capirci et al. (1996), Pizzuto et al. (2005), and Pizzuto & Capobianco
(2005). Two-word combinations with a “supplementary” relationship (w+w)
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appeared first, around 18 months of age on average (with the exception of subject
1, for whom they appeared at the same age), and prevailed remarkably over two-
word combinations with a “complementary” relationship (w&w) for the entire ob-
served period. Figure 2 shows the analysis of the estimated trends carried out in
the 10-child sample.
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Figure 2. Trend development of “complementary” versus “supplementary” cross-modal
combinations estimated across ten children at the different age
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Figure 3. Trend development of “complementary” versus “supplementary” vocal combi-
nations estimated across ten children at the different age

The development of the two types of crossmodal combinations presented similar
nonlinear developmental trends. “Complementary” and “supplementary” cross-
modal combinations were characterized by a curve that presented a maximum
production period and a subsequent decrease, with frequencies around similar
values to those recorded in the early development period. “Complementary”
crossmodal combinations presented the highest frequencies at 18-22 months of
age (F < .01), while “supplementary” combinations did so at 20-23 months of age
(F < .01). The percentage of variance in “complementary” combinations explained
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by the development trend (27%) was higher than the corresponding “supplemen-
tary” percentage (19%). This suggests less variability among the 10 children for the
“complementary” crossmodal combination trend (POINTING&W), as also shown
by the data in individual profiles (Figure 1-10).

The trend of two-word combinations, in contrast, was characterized by an in-
cremental straight line, with a much steeper rise for “supplementary” combina-
tions (w+w). Indeed, “complementary” two-word combinations (w&w) showed
a less significant increase compared to “supplementary” combinations (F < .05 vs.
F <.01), as well as a much lower variance percentage (3% for “complementary”
vs. 10% for “supplementary”), suggesting the presence of greater individual differ-
ence in the children’s use of “supplementary” vocal productions. This variance was
linked to the variability of the frequency of each child’s use of the combinations in
the observed period.

The results of this study suggested that children’s crossmodal productions were
somewhat biased toward conveying complementary information, while the pro-
ductions were biased towards conveying supplementary information: There was an
asymmetry between complementary and supplementary combinations during the
transition from one to two words: Complementarity (&) prevailed in crossmodal
combinations, while supplementarity (+) was more prevalent in two-word com-
binations (Pizzuto & Capobianco, 2005; Pizzuto et al., 2005; Pizzuto et al., 2009).

During early verbal acquisition, children mainly use one gesture (POINTING)
and one word to disambiguate/single out the referent in the context (for example,
POINTING at the doll and saying “doll”); in the corresponding vocal combination,
they tend to add information (for example, “baby+nice”). Furthermore, the de-
velopmental pattern of “complementary” combinations estimated across 10 chil-
dren in this study turned out to be significant for age, in contrast to McEachern
& Haynes’s (2004) findings concerning 10 American children observed over a
shorter period of time at 16-21 months of age. Similarly, as a confirmation of the
results attained by Goldin-Meadow & Butcher (2003) and McEachern & Haynes
(2004), all children in this study started combining two words only once they were
also able to produce “supplementary” crossmodal combinations (DG+w).

3.2 The predictive value of crossmodal (complementary and supplementary)
combinations taken and observed in development

In light of the development patterns resulting from individual profiles and the
assessment of “complementary” and “supplementary” crossmodal combinations
trends in the 10 children, the predictive values of the two types of crossmodal
combinations observed at 12, 15, and 18 months of age were calculated for the dif-
ferent verbal skills assessed in the same children just before 2 years of age.
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Table 3 shows the results for the following correlations between the tokens
of “complementary” and “supplementary” combinations observed at 12, 15, and
18 months of age and the verbal measures examined around 2 years of age: a) the
frequency (token) of combinations of two or more words (as verbal complexity
measure) and b) repertoire (type) of words (as vocabulary size measure), calcu-
lated over the last 3 months’ observation sessions for each child and onset age of
two-word utterances.

Table 3. Correlations between token of crossmodal combinations (complementary and
supplementary) at 12, 15, 18 months and differents verbal abilities assessed in last three
months in the sample of ten children

Predictor Verbal measures
two and more words  words type (last two words onset
token (last three ob-  three observations
servations mean) mean)
Crossmodal 12m. 15m. 18m. 12m. 15m.18m. 12m. 15m. 18 m.
Token of combinations
Token of “complementary” .660* ns .832** ns ns .845** ns ns ns
Token of “supplementary - J73 7745 - ns ns - ns ns

Positive correlations were observed between use of DG-word “complementary”
combinations at the ages of 12 and 18 months and verbal complexity around 2
years of age (r = .660; r = .832; p < .05). The token of “complementary” combina-
tions observed at 18 months was also correlated with the type of words around 2
years of age. The token of DG-word “supplementary” combinations (+) observed
at the age of 15 and 18 months was only positively correlated only with verbal
complexity at 2 years of age (r=.773; r=.774; p <.05). No token of crossmodal
“supplementary” combinations exhibited correlation with types of words around
2 years of age. Unlike the earlier development period, both tokens of “complemen-
tary” and “supplementary” combinations at 18 months correlated positively with
verbal complexity at 2 year of age (r = .832, p <.01; r =.774, p < .05, respectively),
while only the token of “complementary” combinations at 18 months correlated
to types of words (r = .845, p < .01). Although both combinations had a predictive
value for later verbal development at 18 months of age, when the specific contri-
bution of the two types of combinations (“complementary” and “supplementary”)
was considered for prediction purposes, a significantly higher relative weight was
found for “complementary” combinations (p = .09, p < .01) than “supplementary”
ones ( = —.13, p = ns). Thus, at 18 months of age, the token of “complementary”
combinations in children’s productions seemed to better predict verbal complexi-
ty around 2 years of age. Finally, no correlation was observed between the token of
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crossmodal combinations (“complementary” and “supplementary”), as observed
during development and the age of onset of two-word productions. The token of
different types of gesture and word combinations before 2 years of age does not
seem to predict the onset of the early word combinations.

The correlation data observed at 18 months of age confirm the data result-
ing from individual profiles and from the estimated trends (Figures 1-10, 2, and
3), where the maximum production of “complementary” and “supplementary”
crossmodal combinations was observed in all children in the study along with
the onset of early two-word productions. However, further statistical analysis in-
dicated a more significant predictive value for “complementary” combinations; at
18 months of age, their use is correlated not only with verbal complexity but also
with the type of words produced over last 3 months of observation sessions for
each child. The same results on the predictive role of the use of “complementary”
combinations at 18 months were also observed in Fasolo and D’Odorico (2012).
However, we also observed an early predictive value of “complementary” combi-
nations used at 12 months for verbal complexity around 2 years.

3.3 Predictive value of the onset of crossmodal (complementary and
supplementary) combinations

The patterns resulting from individual profiles and from the trends estimated
across the children were confirmed by a positive and highly significant correlation
(r=.904, p <.01) between the age of onset of “supplementary” crossmodal com-
binations (DG+w) and the age of onset of the early two-word combinations (2w).
21
20
19
18
17

16

two words age onset

15
14
14 15 16 17 18 19 20 21
DG=w age onset
Figure 4. Correlation between age onset of supplementary crossmodal and two words
utterances
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Indeed, the age of onset related to the early word combinations was neither pre-
dicted by the frequency of “complementary” and “supplementary” combinations
at any time of development (as already observed in Table 3) nor by the age of onset
of “complementary” crossmodal combinations. This means that the children in the
sample who first started using gesture and word combinations expressing a predica-
tive relationship during development were also first to combine two words (2w). For
the 10 children in this study, the age onset of “supplementary” crossmodal combina-
tions (+) significantly predicted the children’s ability to produce the early 2w combi-
nations (as Butcher & Goldin-Meadow 2000 and Goldin-Meadow & Butcher 2003).

The correlation data suggest that children started to produce two words to-
gether only if they were also able to express a “supplementary” relationship at the
crossmodal level. This highlights the specific role played by the onset of “supple-
mentary” combinations in predicting the onset of early two-word combinations;
however, it is not sufficient to ascribe a unique and general role to this type of
combination in predicting verbal skills in the transition from 1 to 2 years of age.
During development, the two combination types play specific roles in predicting
verbal skills at the end of the second year of age. Based the data from 10 children
in this study, when considered in terms of their frequency of use (token) over time,
complementary combinations (&) are good predictors of the frequency (token) of
word combinations and word repertoire (type) over the last 3 months’ observation
sessions for each child. Instead, the onset or presence of “supplementary” cross-
modal combinations in children’s productions a good indicator of the age of onset
of early two-word utterances.

A more accurate analysis of the predictive value of both combinations (“com-
plementary” and “supplementary”) against their token and/or age of onset in pre-
dicting various verbal measures that are examined around 2 years of age enabled
us to precisely assess both combinations’ specific roles and to stress the important
contribution of “complementary” combinations at different developmental stages
(against the token at 12 months, and especially, at 18 months of age). This allowed
us to predict the children’s later verbal skills for both verbal complexity and word
size measured at 2 years of age. These results help to explain the predictive role of
crossmodal combinations of a DG and a word in the explosion of vocabulary (as
for repertory words) and grammar skills at 2 years, in relation to the age of onset
and frequency of use observed before 2 years of age, at 12, 15, and 18 months
(Capobianco, 2015; Murillo & Belincho, 2012).
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4. Conclusions

The results of this study, which included a larger number of children and was
based on monthly observation during the second year of age, confirm the find-
ings of previous studies (Butcher & Goldin-Meadow 2000, Colletta & Guidetti,
2012; Fasolo & D’Odorico, 2012; Goldin-Meadow & Butcher, 2003; Mc Eachern
& Haynes, 2004; Murillo & Belincho, 2012; Pizzuto et al.,2009); moreover, the re-
sults provide new data on the development of crossmodal combinations (DGs and
words) providing different types information (complementary and supplemen-
tary) in the transition to early word development and two-word combinations.
The new elements of this work concern the survey results and the methodology
used. In fact, the children’s data are linked with the specific methodology used to
elicit spontaneous production and engage in collection, and analysis in this study,
observed monthly via interaction with their mothers. The comparison between in-
dividual profiles and developmental trends allowed us to study aspects of individ-
ual variability and evolutionary sequences common to all children (Capobianco,
2006; Capobianco, 2015; Tambelli, Cimino, Cerniglia & Ballarotto, 2015).

The results for the “complementary” and “supplementary” crossmodal combi-
nations in the first 2 years were linked to a “conservative” methodological choice.
The DG retained its meaning of “reference” (“this” in verbal form), and onomato-
poeic words were encoded as content words and not as actions (“meow” = “cat” and
not the action of meowing). Thus, combinations of a DG and a word - in which the
gesture and word refer to the same referent (for example, POINTING to the cat and
saying “cat”) - does not express a “redundant” meaning; instead, it has the function
of “naming” and/or specifying the referent (the cat) in the context of interaction.
In addition, those combinations consist of a DG and a “predicate” (verb and adjec-
tive) or pronoun (“T’, “my”) referring to the same element - for example, point-
ing to the cat and say “beautiful” or “mine,” were coded as “supplementary”’ The
methodology we used was based on a corpus of spontaneous productions with
monthly observations, which has not been used in other works; this allowed us to
study the statistical value of the developmental trends of both types of crossmodal
combinations and their predictive value in more stages over time (at 12, 15, and 18
months) for the verbal threshold of 2 years (22-24 months). The predictive value
of crossmodal combinations for verbal abilities around 2 years of age were studied
longitudinally, considering two measures - frequency of use (token) between 12
and 18 months and age of onset (Goldin-Meadow and Butcher, 2003).

We found that the frequency of use of complementary combinations at 12
months predicted verbal complexity around 2 years of age, and this is of particu-
lar interest with respect to prevention and early screening for language disorders.
Complementary combinations could be used as an early index of development at
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an age where supplementary combinations are absent (Capobianco et al., 2007).
Similarly, the data showed that all children begin to produce early two-word utter-
ances only after the emergence of “supplementary” crossmodal combinations. The
onset and the use of “supplementary” combination denote a greater lexical and
social-cognitive stage of development for the child involving the capacity to use
predicates (verbs and adjectives) and pronouns, add the information to the DG
and share more complex mental states (theory of mind).

The absence of “supplementary” crossmodal combinations around 24 months
may indicate not only language immaturity compared to early verbal development
but also social and cognitive immaturity. When the child proves able to share a
state of mind with another (for example, by POINTING a ball and saying “beau-
tiful!”), this may allow prediction of linguistic development (Franco, Perucchini
& March, 2009; Goldin-Meadow, Brentari, Coppola, Horton & Sengales, 2015;
Novack, Goldin-Meadow & Woodard, 2016).The data from this study confirm the
link between language and cognition from the first stages of development, where
early language skills are expressions of the onset the development social and cog-
nitive abilities.

The importance of observing early development of “complementary” and
“supplementary” crossmodal combination to identify risk profiles is linked to the
possibility of early intervention to stimulate and increase the use of “multimodal”
combinations (“naming” and “predicative” utterances) by adults who interact with
the child during the first 2 years of age (Bonifacio & Stefani, 2011; Capobianco,
2015, Levickis, Reilly, Girolametto, Ukoumunne & Wake, 2014). Studies including
a greater number of children will be necessary to collect reliable reference data to
further investigate the spontaneous production of different gesture—word combi-
nations as predictive indexes of early verbal skills for language difficulty preven-
tion and early diagnosis purposes (Capobianco et al., 2007; Capobianco, 2015;
Goldin-Meadow, 2014).
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