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Abstract
The current study described the development of the MacArthur–Bates Communicative
Developmental Inventory (CDI) for Israeli Sign Language (ISL) and investigated the effects
of age, sign iconicity, and sign frequency on lexical acquisition of bimodal-bilingual
toddlers acquiring ISL. Previous findings bring inconclusive evidence on the role of sign
iconicity (the relationship between form and meaning) and sign frequency (how often a
word/sign is used in the language) on the acquisition of signs. The ISL-CDI consisted of
563 video clips. Iconicity ratings from 41 sign-naïve Hebrew-speaking adults (Study 1A)
and sign frequency ratings from 19 native ISL adult signers (Study 1B) were collected. ISL
vocabulary was evaluated in 34 toddlers, native signers (Study 2). Results indicated signif-
icant effects of age, strong correlations between parental ISL ratings and ISL size even when
age was controlled for, and strong correlations between naturalistic data and ISL-CDI
scores, supporting the validity of the ISL-CDI. Moreover, the results revealed effects of
iconicity, frequency, and interactions between age and the iconicity and frequency factors,
suggesting that both iconicity and frequency are modulated by age. The findings contribute
to the field of sign language acquisition and to our understanding of potential factors
affecting human language acquisition beyond language modality.
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Introduction
Vocabulary size is a sensitive measure of language acquisition in toddlers.
Vocabulary tests are valid assessment tools that predict later language development
in spoken (e.g., Bavin et al., 2013; Rowe et al., 2012) and sign languages (Lee, 2011).
Vocabulary growth rate is an important measure of language development in
children with hearing impairments (Lederberg & Spencer, 2001; Nicholas &
Geers, 2006; Tomblin et al., 2005). It enables professionals to identify language
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delays and language deprivation1 among young children (e.g., Arriaga et al., 1998;
Fenson et al., 2000b; Mancilla-Martinez et al., 2011) and children with atypical
language acquisition (e.g., Mitchell et al., 2006). Different lexical characteristics tend
to affect early vocabulary acquisition, for example, part of speech, concreteness,
babiness (the word’s relevance to babies), and frequency (Braginsky et al., 2016).
Furthermore, different languages show unique acquisition trajectories and specific
characteristics (see, e.g. Perlman et al., 2018, for a comparison of four languages: two
spoken and two sign languages for the effect of iconicity) supporting the importance
of cross-linguistic research (Bornstein et al., 2004).

One established measure of vocabulary size is the MacArthur Communicative
Development Inventory (CDI) (Fenson et al., 1994). The CDI is a checklist in which
parents, caregivers, or teachers indicate whether a child can comprehend and/or
produce words/signs reflecting early language acquisition. It was developed origi-
nally for American English and was adapted to more than 60 spoken languages
(Frank et al., 2017) including Hebrew (Maital et al., 2000) and several sign languages
(e.g., Anderson & Reilly, 2002; Rodríguez-Ortiz et al., 2020; Sümer et al., 2017;
Woolfe et al., 2010). The checklist includes hundreds of words representing different
categories, such as predicates, nouns, and function words (Braginsky et al., 2016;
Frank et al., 2017).

The current study was twofold. First, its aim was to develop a MacArthur–Bates
Communicative Development Inventory (CDI) (Fenson et al., 1994) for Israeli Sign
Language (ISL) (hereinafter ISL-CDI). Second, on the theoretical side, the study was
devised to evaluate the effects of age, sign iconicity, and sign frequency on lexical
acquisition in ISL in bimodal-bilingual children who acquire ISL from birth.
Previous research brings conflicting evidence on the effects of frequency and ico-
nicity in sign language acquisition.

Israeli sign language
ISL is the major sign language of the Israeli deaf community. It emerged in the 1930s
and 1940s with the formation of the deaf community in Israel and the language is
now in its fourth generation. Many immigrants from all around the world brought
with them sign languages and home sign systems from their countries of origin.
These languages influenced the lexicon of ISL. Today, ISL is widely used by about
10,000 signers and, like any language, it is used across all aspects of life (Sandler,
2018). Linguistic characteristics of ISL are documented in numerous publications
(e.g., Dachkovsky & Sandler, 2009; I. Meir, 2002, 2003, 2006). As in the case of other
sign languages, the lexicon of ISL is independent from the societal spoken language,
Hebrew, and, in many instances, it reflects semantic distinctions that do not appear
in the societal spoken language. For example, the Hebrew word “ahava” meaning
love has two ISL signs, one sign denotes love for inanimate objects and the other
sign denotes love for animate beings. We adapted the ISL-CDI from the Hebrew-
CDI (Gendler-Shalev & Dromi, 2020) based on the assumption that the experience
and cultural background of Hebrew toddlers would be the closest to the toddlers
using ISL. Similarly, previous studies developing adaptations for a national sign
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language were based on the dominant spoken language. For example, the CDI adap-
tation for Spanish Sign Language was developed based on Spanish (Rodríguez-Ortiz
et al., 2020). Signers of ISL are integrated within the society of Hebrew speakers and
many of them are bimodal-bilingual. Support for the similarities between the vocab-
ularies of the spoken and sign languages can be found in Anderson and Reilly (2002)
for American Sign Language of deaf signers and in Rinaldi et al. (2014) for Italian
Sign Language of deaf signers. In both studies, the vocabulary of the CDI version for
sign languages was comparable to that of the spoken language of children speaking
the society language: English and Italian.

The adaptation in the current study took into consideration modality and
language-specific properties of Hebrew and ISL, and these are described in the
“Methods” subsection. For example, we excluded some signs for body parts that
are represented by pointing.2 Furthermore, the nonsign gestures section was
excluded from the CDI to focus exclusively on the lexicon and reduce confusion
between signs and gestures by the parents who fill in the questionnaire (for a
detailed review on adapting sign language tests from a spoken language see
Haug, 2011).

Sign language acquisition
Direct measures of vocabulary assessment and parental questionnaires tapping
into vocabulary development in sign languages show positive correlations between
chronological age and vocabulary size (e.g., for British Sign Language [Thompson
et al., 2013]; for American Sign Language [Caselli & Pyers, 2017]; and for Turkish
Sign Language [Sümer et al., 2017]). As children grow older, they score higher on
vocabulary size measures, similarly to children who acquire spoken languages
(Frank et al., 2017). Following these studies, our study also aimed to investigate
whether vocabulary size in ISL of bimodal-bilingual children is associated with
age (Study 2), which was also used to support the validation of the ISL-CDI.

Deaf children of deaf parents acquire two languages, some of them become
bilingual during school age; others become bimodal-bilingual. Bilingual children
use sign language as their home language and acquire the written modality of
the spoken language later during school years. Yet, today with the advancement
in technology many of the deaf children of deaf parents are bimodal-bilingual at
preschool age. By means of hearing aids and cochlear implants, deaf children born
to deaf parents have access to auditory input that allows them to acquire the spoken
language at younger ages in its spoken modality. In previous studies, native signing
toddlers are defined as monolinguals because they were exposed only to a sign
language (e.g., Woolfe et al., 2010). The children in the current study were early
bimodal-bilinguals. They were exposed to both ISL and Hebrew and had partial
auditory capacity to perceive the spoken language in addition to their native ISL
(as described in more details in the “Methods” subsection of Study 2).

It is well-documented in the literature that language skills of bilingual children
who are exposed to two spoken languages are often unevenly distributed across and
within the languages spoken by the child (Kohnert, 2010). In the same vein,
bimodal-bilingual children’s language proficiency and language dominance can
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vary across the two modalities: the sign and the spoken. Vocabulary size of bimodal-
bilingual children should be assessed in both languages, similarly to bilingual chil-
dren who acquire two spoken languages (e.g., Armon-Lotem et al., 2015). Yet, cur-
rently, there are no available tools to assess children’s language skills in ISL, while in
Hebrew there is a range of standardized assessment measures (e.g., the Hebrew-CDI
[Gendler-Shalev & Dromi, 2020]; Goralnik screening test for Hebrew [Goralnik,
1995]). Thus, the current study aimed to address this gap by developing ISL-CDI.

There is a scarcity of research on vocabulary acquisition of bimodal-bilingual
children. These existing studies support the importance of testing both languages
of bimodal-bilingual due to the specific trajectories of each language. For example,
Rinaldi et al. (2014) showed that acquisition trajectories of lexical categories differ
between sign and spoken languages. Using a naming-picture naming, the authors
showed that 2–3-year-old signers scored higher on signs that describe actions
(predicates/verbs) compared to signs that describe objects (nominal/nouns)
(Rinaldi et al., 2014). The toddlers acquiring spoken language showed an opposite
pattern: they scored higher on nouns compared to verbs. Another reason to test
both languages of bimodal-bilinguals is their smaller vocabulary size shown when
being tested in only one language compared to hearing peers. The smaller vocabu-
lary size of signing toddlers compared to hearing children (Rinaldi et al., 2014; Woll,
2013) can be explained by their bilingual status (Rinaldi et al., 2014). Previous
studies demonstrated that bilingual children who acquire two spoken languages
might have smaller vocabularies in one of their languages when compared to their
monolingual peers, especially in the societal language (for an overview see Gatt et al.,
2015). Thus, it is highly important to assess the vocabulary size in the sign language
of bimodal-bilingual toddlers.

Iconicity of signs and sign language acquisition
Word learning requires mapping information about its form onto its meaning.
Iconicity is a relationship of similarity between the two aspects of a word or a sign:
its form and its meaning. An iconic sign/word is one whose form represents its
meaning in some way (Dingemanse et al., 2015; I. Meir & Tkachman, 2018).
Iconicity has different features (Winter et al., 2017), for example, in spoken
languages it can be the sound of the form (e.g., onomatopoeic words like buzz
in English, representing the sound of the concept) or the repetition of the form
(e.g., ideophonic words like “kibikibi” [“energetic” in Japanese], which includes
repeated forms representing repeated events) (for an overview of iconicity in lan-
guage, see Dingemanse et al., 2015). In sign languages it is the visual structure of the
form (e.g., the sign TO EAT in ISL mimics the action of eating) (following conven-
tion, all English glosses of ISL signs are written in capital letters). This means that
iconicity represents the visual similarity between the sign form and its meaning.

Iconicity in sign languages is usually present in one or more of the phonological
parameters of the sign: the shape of the hands, the location of the hands in space or
on the body, and/or the movement of the hand (Perniss et al., 2010). Iconic mapping
goes beyond a simple relationship of form to meaning, and different factors affect it,
such as age, linguistic experience, and cultural background (Ortega, 2017). This
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mapping is commonly present across languages, specifically in sign languages
(Dingemanse et al., 2015; Perniss et al., 2010). However, not all signs are iconic,
in line with the agreed assumption that in many cases there is an arbitrary link
between form and meaning (de Saussure, 1916).

In acquisition of spoken languages, iconic words, are common in children’s early
words (Laing et al., 2017; Perry et al., 2018). For example, Massaro and Perlman
(2017) showed that words learned earlier tended to be more iconic, suggesting
that iconicity in early vocabulary may facilitate word learning. With increases in
vocabulary size, the effect of iconicity diminishes dramatically. Yet, it should be
noted that the effect of iconicity is independent from the influence of concreteness,
difficulty of articulation, and parental input frequency. Another more specific
iconicity effect is reported in the study by Maurer et al.’s study (2006). The authors
found that 2.5-year-olds were sensitive to the structure of vowels in words: similarly
to adults’ performance, children consistently matched words with rounded vowels
(e.g., “bouba”) to round shapes and words with unrounded vowels (e.g., “kiki”) to
pointed shapes. These findings provide evidence that iconicity is an important
property of spoken languages.

Early work on sign languages showed contradictory findings. For example,
Orlansky and Bonvillian (1984) found that only one third of early-acquired signs
is iconic, reflecting the overall proportion of iconic signs in American Sign
Language. Yet, recent studies on sign languages showed that iconicity of signs
contributes to lexical acquisition (e.g., Caselli & Pyers, 2017 for American Sign
Language; Sümer et al., 2017 for Turkish Sign Language; Woolfe et al., 2010 for
British Sign Language). Thompson et al. (2013) showed that iconicity effects
increased between age 2–4-years-old, supporting the idea that cognitive develop-
ment and world knowledge allow children to rely on the iconic mapping of form
to meaning (Meier et al., 2008). Together these studies suggest that iconicity of signs
contributes to lexical acquisition (for an overview of the effect of iconicity on
acquisition, see Ortega, 2017).

The effect of iconicity deserves attention of research due to conflicting evidence.
On the one hand, there are studies showing the effect of iconicity diminishes with
age (e.g., Massaro & Perlman, 2017). On the other hand, there are studies showing
that its effect increases with age (Thompson et al., 2013). Notably, the interaction
between age and iconicity seems to be critical in our understanding the contribution
of iconicity to language acquisition. If iconicity (the link between form and mean-
ing) is mediated by cognitive development and language experience, the effect of
iconicity would increase with age. This means that experience affects the child’s
ability to learn the form-meaning mapping of iconic signs and this would be related
to age, which is a proxy of experience. In contrast, if iconicity relies on basic sensory
motor associations between the form and the meaning, and it is not related to
experience with language, age will not play a role (Perniss et al., 2010).

Frequency of signs and sign language acquisition
Frequency represents item-specific characteristics, or how often a word/sign is used
in a given language. Its influence on language acquisition is beyond cognitive
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abilities as it refers to the input to which a child is exposed, suggesting that higher
frequency words/signs have higher baseline activation that affects acquisition
(Degani et al., 2019; Gollan et al., 2008).

It has been shown that the acquisition of lexical items is positively correlated with
the frequency of these items in child-directed speech (e.g., Edwards et al., 2015) and
in language use (Perry et al., 2018). For example, lexical items like “baby” and “ball”
are acquired earlier than “coffee” and “computer,” as the frequency of the words
“baby” and “ball” is higher in child-directed speech. However, not all types of words
are equally affected by frequency of usage. Closed-class (function) words (e.g., pro-
nouns, prepositions, articles) are highly frequent, but have a negative correlation
between frequency and child’s lexical production (Braginsky et al., 2016;
Goodman et al., 2008); that is, parents produce them frequently, but children master
them later than other words.

The effects of frequency of use on the acquisition of lexical items change during
child development (Goodman et al., 2008). The effect of frequency is also mediated
by children’s chronological age and vocabulary size, such that correlations with
frequency become more pronounced after the first 100 words. Thus, the effects
of frequency are sensitive to grammatical category and change over early language
development.

Studies evaluating the effect of sign frequency in sign languages have come to
contradictory conclusions. In one influential paper, Thompson et al. (2013)
reported no effect of sign frequency, but subsequent studies in other sign languages
do report a robust effect of frequency (Caselli & Pyers, 2017 for American Sign
Language; Sümer et al., 2017 for Turkish Sign Language). Whereas the term “famil-
iarity” was used by Thompson et al. (2013) and the term “frequency” was chosen by
Caselli and Pyers (2017), the two terms are closely linked (Vinson et al., 2008). Both
studies operationalized their terms similarly by asking native adult signers to rate
the frequency of the signs. Thus, the contradictory findings cannot be explained by
the methodology of collecting frequency ratings.

Previous studies on sign languages have used a subjective index of frequency in
adult-directed speech using ratings by fluent signers (Caselli & Pyers, 2017; Sümer
et al., 2017; Thompson et al., 2013). Although frequency in child-directed speech
better predicts acquisition (Goodman et al., 2008; Hansen, 2017), these data are
not available for any sign language, including in ISL.

To sum up, previous studies on sign language bring inconclusive evidence on the
effects of iconicity and frequency on vocabulary acquisition. The current study
aimed to contribute to this ongoing debate by investigating a sign language, that
is, ISL, for which no vocabulary tools are available and no acquisition data have
been previously reported.

The current study
The current study was devised to develop an ISL-CDI3 assessment tool and to
explore vocabulary development in the sign modality of children who acquire
ISL. We aimed to assess the effects of iconicity and lexical frequency on vocabulary
acquisition in ISL of bimodal-bilingual children. With this aim in mind, we
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conducted two preliminary studies to obtain iconicity ratings from sign-naïve
Hebrew-speaking adults (Study 1A) and lexical frequency ratings from native
ISL signers (Study 1B).

In Study 2, following previous literature on vocabulary development of sign lan-
guages (see the “Introduction” section), it was hypothesized that age, iconicity, and
frequency will uniquely contribute to vocabulary development in ISL. Moreover, it
was predicted that the effects of iconicity and frequency will increase with age, and
will show interaction of age and iconicity and age and frequency.

ISL-CDI adaption materials

The process of adapting the Hebrew CDI to ISL-CDI was conducted in two stages.
Permission to develop the ISL-CDI was obtained by the authors from the CDI
Advisory Board at the beginning of the project (https://mb-cdi.stanford.edu/
adaptations.html). We adapted the current ISL-CDI instrument from the
Hebrew-CDI (Gendler-Shalev & Dromi, 2020), integrating the original two age
range versions into one version of a CDI questionnaire.

The first stage included an adaptation of the Hebrew word list to ISL by a team of
six ISL experts that included a linguist investigating ISL, a deaf native ISL signer, two
ISL interpreters, a clinical linguist, and a speech and language pathologist who
knows ISL and has clinical experience with signing toddlers. The team explored each
sign translation for content validity, meaning that the items of the instrument
represent the linguistic structure of ISL, in terms of lexical categories (Haug,
2011). For example, adjectives and adverbs were included in the same category
as there is no clear distinction between them in ISL, action signs were used in adapt-
ing verb words to ISL. The proficiency of the team and the collaborative work also
contributed to the content validity of the instrument. As can be seen in the following
description, we included only lexical entries that are signed by one sign or a com-
pound in ISL, excluding lexical entries in Hebrew that are translated to more than
one sign. Going through the list of words of the Hebrew-CDI, we used the following
criteria:

a. If two Hebrew lexical items had minor meaning differences in ISL (e.g., the
words combination “who is it” versus “who”) only one sign was used (“who is
it” was excluded and only the item “who” was included in ISL). In addition,
Hebrew words combinations that are represented by a single sign in ISL were
included (e.g., “I want” was included as WANT).

b. In cases in which signs for nouns and signs that describe actions were similar,
we chose the noun (e.g., the verb TO SWING was excluded and only the noun
sign for SWING was included). The rationale for this choice was that toddlers’
extended movements, representing verbs in ISL (Tkachman & Sandler, 2013),
are hard to be distinguished from short movements, representing nouns.
However, in cases in which the difference is clear (e.g., COMB signed with
one movement vs. TO COMB, signed with two movements), the two signs
were left.

c. Hebrew words without ISL correlates were excluded from the list (e.g., “katar,”
meaning an engine of a train and the word “train” have the same sign in ISL).
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d. If two different Hebrew words had one shared translation, the more generic
(common) translation was included (e.g., the words “maxbi,”meaning to hide
and “mitxabe,” meaning to hide oneself are represented in one sign HIDE).

e. Body parts that are signed with pointing were excluded to prevent the inclu-
sion of indexical points that could be considered less lexical and would not
have been counted in the language productions of hearing children (though
they might also be present in those children), following Woolfe et al. (2010).

f. If signs have dialectal variations (e.g., there are two signs for the lexical item
carrot), we used the more common variation.

g. When Hebrew adjectives and nouns shared the same translation in ISL, the
adjective, which is more basic and generic in Hebrew, was chosen (CLEAN vs.
CLEANING).

h. In ISL, some adjectives that refer to humans are different from those that refer
to objects. In these cases, two signs were included in the ISL-CDI list (e.g., BIG
for boy and BIG for an object).

i. In ISL, some verbs that refer to humans are different from those that refer to
things (objects, concepts, events, etc.). In these cases, two signs were included
in the ISL-CDI list (e.g., TO LOVE [PERSON], TO LOVE [THING]).

j. When two Hebrew words were synonyms and appeared in the same row of
the questionnaire representing one concept-word (e.g., “to see” and “to
show”) but in ISL these items are represented by two different signs, the
two signs were added separately.

k. Classifier verbs (e.g., TO CLEAN A TABLE, TO CLEAN A WINDOW) and
verbs that can be modified for agreement were included in their generic form.

The second stage included choosing videos of the gloss signs from the ISL
dictionary (http://isl.org.il/en/home-page-2/) and filming the missing signs. The
current version of the ISL-CDI includes 563 sign videos divided into 17 lexical
semantic categories, equivalent to the Hebrew-CDI (e.g., animals, toys, and food).
The video format has an advantage on the pen-and-pencil format. For a parent
who fills in the questionnaire watching a sign video is equivalent to filling in the
written format of a spoken CDI. In contrast, using a written format for a sign
language questionnaire involves translations between the spoken gloss and the
sign language when filling out the questionnaire. An equivalent example in spoken
language would be filling out a CDI for English vocabulary while reading a list of
translated Hebrew words.

Study 1 (A, B)
Method

Participants
Study 1A: Iconicity ratings. Forty-one sign-naïve adults4 (27 females and 14 males)
who speak Hebrew as their native language (Mage = 32, SD = 12,Min–Max: 21–67)
completed an iconicity rating questionnaire of the ISL-CDI signs. The participants
belonged to mid-high socioeconomic status as measured by their years of education
(M = 14, SD = 5 Min–Max: 12–18). The rational for using ratings from naïve
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participants was to reduce specific language knowledge effects that are not related
directly to iconicity. For example, initialized signs can be rated as highly iconic
because the handshape is the finger-spelled counterpart to the first letter of the
spoken language translation. Furthermore, folk etymology about iconic origins of
signs might influence iconicity ratings in signers. For example, the sign GIRL in
American Sign Language is signed with a curved movement of the thumb on the
cheek. Folk stories suggest that this sign was created to represent the chinstrap
of a girly hat (Caselli & Pyers, 2017). The assumption was that collecting iconicity
ratings from nonsigners would provide us with a cleaner measure of the visual sim-
ilarity between a sign and its meaning.

Study 1B: Frequency ratings. Nineteen ISL native signers (14 females and 5 males)
(Mage = 32, SD = 8, Min–Max: 23–46) rated the frequency of ISL signs. All
participants were exposed to ISL from birth and grew up in a signing home with
one or two signing parents. They were from different areas of Israel (north, center,
and south), representing different signing communities. They were matched with
the participants in Study 1A in belonging to a mid-high socioeconomic group, as
measured by years of education (M = 14, SD = 2, Min–Max: 12–20).

Procedure

Study 1A: Iconicity ratings
Following Caselli and Pyers (2017), the hearing sign-naïve participants rated the
iconicity of 5545 ISL signs. Each video sign was presented with its translation to
Hebrew and the participant rated it on a scale of 1–7 (1—absolutely noniconic
and 7—very iconic). The instructions were given in a written form prior to the task:
“Sign languages tend to be iconic. That is, sometimes the shape of the sign resembles
the shape of the object or entity in reality, or the movement of the sign is reminiscent
of the action that the sign represents. Sometimes the sign is arbitrary and not-iconic.
This means no connection between the sign and the concept it represents. Our scale
ranges from 1 to 7, where 7 represents the highest degree of iconicity, and 1 represents
the lowest iconicity size.” Participants watched the ISL-CDI videos and ratings were
recorded in a digital form for responses.

Study 1B: Frequency ratings
The deaf native signers rated the frequency of 563 ISL signs presented to them on a
scale of 1–7 (1—very rare; 7—very frequent) (Caselli et al., 2017; Vinson et al.,
2008). Each video of an ISL sign was presented alongside a digital form for
responses. Instructions were given in written Hebrew prior to the task. The
English translation of these instructions was: “The purpose of this questionnaire
is to rate signs according to their frequency of use. How frequent the sign is used
daily. Our scale ranges from 1 to 7, where 7 represents the highest frequency, and
1 represents the lowest frequency.”

Each task (iconicity rating and frequency rating) took between 60–90 minutes to
complete.
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Results

Study 1A: Iconicity ratings
Mean iconicity ratings for the 563 ISL signs varied between 1.2 and 6.9 (see Figure 1
for the distribution of signs per Iconicity level). Fifty-six percent of the ISL-CDI
signs were rated as highly iconic, that is, they received a score higher than a four
on the 7-point scale (e.g., NO, PUSH, SLEEP, SMILE, TELEPHONE).

Within the 17 different lexical semantic categories, the categories of pronouns
(M = 5.80, SD = 0.76) and prepositions of places (M = 5.83, SD = 1.00) received
the highest iconicity ratings, while the category of people (M = 2.57, SD = 1.31)
received the lowest iconicity ratings (e.g., UNCLE, KINDERGARDEN-
TEACHER) (Table 1). Most signs in the pronoun category are signed by pointing
to the referent direction (e.g., I is signed by pointing to self). In the category of
prepositions of places, most signs are signed with the two hands representing
the meaning of the preposition relationship (e.g., ON is signed with open flat
handshape and the dominant hand is placed on the back of the nondominant hand
with palms facing down; for IN, the dominant hand is produced with fingers
together touching the thumb held [in a “c” shape] and the dominant hand moves
inside the nondominant hand within the neutral signing space).

Study 1B: Frequency ratings
Mean frequency ratings varied between 2.3 and 6.7 (see Figure 2 for the distribution
of signs per frequency level). Ninety-eight percent of the ISL-CDI signs in the
ISL-CDI were rated as highly frequent (e.g., DOG, CAR, FOOD), that is, they
received a score higher than four on a 7-point scale.

We further tested if there were any differences in frequency ratings across
different lexical semantic categories in the ISL-CDI (see Table 1). The category
of body parts received the lowest frequency ratings (M = 5.19, SD = 1.06) this

Figure 1. Distribution of signs per iconicity level.
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category did not include body parts that were signed by using a pointing (see the
“ISL-CDI Adaption Materials” section for more details) and the category of time
words received the highest frequency ratings (M = 6.72, SD = 0.23). As stated
previously, these ratings are based on frequency of use by adults, not in child-
directed signs. Pearson correlational analysis showed that there were no significant
correlations between iconicity and frequency ratings (r = .073, n= 554, p = .088).

Discussion of study 1a: iconicity
When exploring iconicity across different lexical categories, the categories of pro-
nouns and prepositions of places received the highest iconicity ratings. In contrast,
the category of people received the lowest iconicity ratings in ISL, similarly to ico-
nicity examples from British Sign Language (Vinson et al., 2008).

An interesting difference between the current study and other studies is the pat-
tern of iconicity ratings. In the current study participants rated the signs across the

Table 1. Mean iconicity and frequency rating per lexical semantic category

Iconicity Frequency

n Mean SD Mean SD

Animals 43 4.22 1.05 5.25 1.10

Transportation 13 4.06 1.58 6.15 .87

Toys 21 4.46 1.59 5.63 1.09

Food 70 3.01 1.27 6.00 .83

Clothing 31 4.65 1.49 5.63 1.07

Furniture 33 3.50 1.46 5.93 1.03

Home 73 4.90 1.41 5.77 .80

Outside and places 29 3.53 1.36 5.88 .91

People 21 2.57 1.31 6.00 .73

Greetings 21 4.39 1.71 6.44 .82

Action signs 101 5.01 1.33 6.13 .62

Adjectives 50 3.98 1.46 6.31 .39

Time 13 3.99 1.82 6.72 .23

Pronouns 10 5.80 .76 6.46 .48

Question words 11 3.91 1.56 6.42 .34

Prepositions place 14 5.83 1.00 6.23 .34

Body Parts 9 n/a* n/a* 5.19 1.06

Total 563 4.23 1.58 5.97 .86

*n/a = not applicable.
Note: In ISL many signs for body parts are signed with pointing and were excluded from the pretested version of the test.
The nonpointing signs were added to the questionnaire only after iconicity ratings were collected. Thus, this category is
not tested as part of the iconicity effect on acquisition.
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scale as can be seen in Figure 1. In Vinson et al. (2008), iconicity rating were bimo-
dally distributed, and in Tasci et al.’s study (2017) deaf participants gave higher ico-
nicity ratings than hearing nonsigners. One explanation for this difference between
these studies can be the profile of the participants (Occhino et al., 2017). In Vinson
et al.’s study (2008), the participants were native signers, in the current study they
were hearing sign naïve adults. These gaps suggest that knowing a language might
push raters toward stricter boundaries of iconicity or to higher ratings. In the cur-
rent study there were significant correlations between the sign-naïve participants
and the native ISL signers (r = .71, p < .001). The different pattern of iconicity
in hearing adults and native signers rating awaits future studies.

Support for the effect of language knowledge and world knowledge on iconicity
comes from a study that tested the ability of hearing adults and children who did
not know sign language to guess the meaning of iconic signs from the ISL-CDI list
(Ali & Farage, 2017). The study included 30 video signs from the ISL-CDI with
high iconicity rating of 5.8–7.0. Whereas adults guessed in average 78% of the signs,
children guessed only 29% of these signs with significant difference between the
groups. It suggests that having more experience with language and world knowledge
may result in more pronounced effects. Thus, the effects of language patterns and
world knowledge and their influence on language acquisition await future research.
We further explored the relationship between iconicity and age and the contribution
of iconicity to language acquisition in Study 2.

Discussion of study 1b: frequency
Most signs (98%) of the ISL-CDI were frequent signs based on the ratings of
native signers. Note that all ISL-CDI signs are expected to be acquired at early
age (up to 36 months). These results are in line with previous studies showing that
early-acquired vocabulary is frequent in the language (Braginsky et al., 2016; Diessel,

Figure 2. Distribution of signs per frequency level.
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2007; Goodman et al., 2008). Children are sensitive to external variables, that is, how
frequently words appear in their input: frequent words are acquired earlier than rare
words (Goodman et al., 2008). Similar findings are shown also for American Sign
Language (Caselli & Pyers, 2017).

Finally, there was no correlation between frequency and iconicity, suggesting that
each of these two factors can independently facilitate acquisition. We examined this
question in Study 2.

Study 2
Study 2 tested early acquisition of ISL vocabulary based on the ISL-CDI parental
questionnaire and explored the relationship between age, iconicity, and frequency
of vocabulary development in the sign modality (ISL) of bimodal-bilingual children
born to native signers.

Method

Participants
Thirty-four bimodal-bilingual deaf children (Mage = 39 months, SD = 25,
Min–Max: 8–86), acquiring ISL as their native language, participated: 22 younger
children and 12 older children (Table 2). The sample was comprised of 20 boys and
14 girls (in the younger group: 14 boys and 8 girls; in the older group: 6 boys and
6 girls). The rational for testing older children on the ISL-CDI questionnaire was
motivated by the need to identify the age of ceiling scores on the instrument. All
children had severe to profound hearing loss, they all had two deaf parents, and
ISL was the home language. None of them had any neurological disorders based
on parental report. Families were recruited across the country (north, center,
and south) using personal contacts in the deaf community. The sample although

Table 2. Demographic data per group

Younger Group
(n= 22)

Older Group
(n= 12)

Chronological Age (months) M (SD)
MIN–MAX

22 (9)
8–36

69 (13)
46–86

Age at Diagnosis (months) M (SD)
MIN–MAX

0.3 (1.3)
0–6

0.2 (0.4)
0–1

Hearing Age (for hearing aid users) (months)* M (SD)
MIN–MAX

7.6 (2.9)
3–12

6.3 (3.7)
2–12

Hearing Age (for cochlear implant users) (months)** M (SD)
MIN–MAX

15.8 (5.8)
10–26

14.2 (2.9)
10–18

Hearing Function
(IT-MIAS in %)

M (SD)
MIN–MAX

29 (32)
0–100

74 (34)
0–100

* For children with hearing aids, hearing age was calculated based on age of hearing aid fitting. ** For children using
cochlear implants, hearing age was calculated based on cochlear implant activation. Cochlear implantation is
recommended, when no sufficient gain in hearing function with the hearing aids is observed.
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small in size, represents 0.3% of the community (based on estimation of 10,000
members in the community; Sandler, 2018). All families were from middle socio-
economic status as measured by mother’s years of education (M= 13 years, SD= 2,
Min–Max: 10–17) and father‘s education (M= 13 years, SD= 1,Min–Max: 10–16).
All participants were diagnosed as having hearing impairment before age of 1
month (Table 2) due universal newborn hearing screening practice in Israel
(Gilbey et al., 2013). Children started intervention during the first months after
birth. In the younger group, 5 children had two cochlear implants, 16 children
had two hearing aids, and 1 child was in the process of hearing aids fitting. In
the older group two children had one cochlear implant, seven children had two
cochlear implants, and three children had two hearing aids. Intervention included
both languages (Hebrew and ISL) and hearing training. IT-MAIS scores (Ben-Itzhak
et al., 2014) (Table 2) show the range of hearing capacity of the group. As expected,
hearing function scores on the IT-MAIS were higher for the older group compared
with the younger group because the children in the older group had more hearing
experience. This finding is in line with previous studies (e.g., Novogrodsky et al.,
2018). With age, children who use functional hearing devices (hearing aids and
cochlear implants) and receive hearing intervention progress in their hearing func-
tion capacities, which contributes to spoken language acquisition. This might affect
the current group’s spoken vocabulary acquisition. However, this is beyond the
scope of the current study.

Table 3 presents information on the exposure to ISL and Hebrew in home setting
(on a scale of 1–7). The results of the parental questionnaire demonstrate that chil-
dren are exposed to both languages, yet they get more exposure in ISL as compared
to Hebrew and this is especially evident in the younger group.

Looking into the patterns of exposure at educational settings based on parental
reports, in the younger group, most children (20 out of 22) have access to ISL
with signed Hebrew and spoken Hebrew. In the older group, most children
(10 out of 12) are exposed to ISL with signed Hebrew and spoken Hebrew.
However, only 10 parents out of 22 in the younger group and 7 out of 12 in the
older group indicated that their children are exposed to ISL from native signers
at the educational settings.

Table 3. Exposure to ISL and Hebrew in the home setting per group (rating range 1–7)

ISL Hebrew

Younger Group
(n= 22)

Older Group
(n= 12)

Younger Group
(n= 22)

Older Group
(n= 12)

Exposure by
mother

M (SD) 6.1 (2.4) 5.4 (1.8) 4.7 (1.7) 5.4 (1.7)

Exposure by
father

M (SD) 6.1 (2.3) 6.0 (1.7) 4.5 (1.5) 5.0 (2.0)

Exposure by
siblings

M (SD) 4.7 (2.4) 4.7 (2.1) 3.5 (2.3) 4.7 (2.5)
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The characteristics of the current sample of native signers support that these
children are early bimodal-bilinguals. With early hearing screening and the use
of new technology, the bimodal-bilinguals in the current sample differ from the
samples reported in earlier studies of 20 years ago where the spoken language
was acquired latter by deaf children born to deaf parents during school age through
print (reading and writing).

Materials

The ISL-CDI questionnaire adapted from the Hebrew-CDI (Gendler-Shalev &
Dromi, 2020) was used, as described in Study 1.

A background questionnaire was designed for bimodal-bilingual children based
on questionnaires previously developed for parents of deaf children (Caselli, 2016),
for assessing hearing function of children with hearing impairment (Ben-Itzhak
et al., 2014), and for evaluating the grammatical stage of the child (Gendler-
Shalev & Dromi, 2020). The questionnaire includes 40 questions on demographic
information, early child’s language and developmental milestones, child’s hearing
function, and information on language use (including ISL and Hebrew).

Naturalistic data (a Lego game activity, spontaneous conversation, interaction
with a book, and a structured elicitation task) were available for 12 children.
Data were glossed using ELAN (ELAN, 2018) software by two interpreters and with
the help of a deaf native ISL signer, all three were part of the ISL-CDI development
team. Average type/token ratio scores were calculated. The scores were correlated
with the ISL-CDIs of these 12 children as part of the ISL-CDI validity testing.

Procedure

Deaf parents received a link to the ISL-CDI video instrument online and another
link to a digital form for responses. Only production data were collected for this
study. A research assistant, who is a deaf native ISL signer, gave instructions in
ISL to each parent during a meeting, which included filling out a background ques-
tionnaire in addition to the ISL-CDI questionnaire.

Results

The validity of the ISL-CDI
First, we analyzed the ISL-CDI data across the two groups of participants. The
results showed strong positive correlations between productive ISL vocabulary
(ISL-CDI) and Age (r = .852, n= 34, p <. 001) (see Figure 3). Furthermore,
ISL-CDI scores significantly correlated with parental ratings of children’s ISL skills
as rated in the parental background questionnaire (r = .695, n= 34, p < .001), and
there were strong correlations between parental rating and ISL size even when age
was controlled for (r = .549, n= 34, p = .001).

To further explore the validity of the ISL-CDI questionnaire, we correlated the
ISL-CDI scores of 12 of the participants for whom we collected naturalistic data and
type/token ratio scores were available. Results showed significant correlations
between ISL score and type/token ratio scores (r = .603, n = 12, p = .038).
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These three measures support the concurrent validity of the ISL-CDI questionnaire
for assessing vocabulary capacity.

Descriptive statistics
Children’s ISL-CDI scores (productive vocabulary) varied between 0 and 557
(M = 286, SD = 211), out of a total of 563 ISL signs. In the younger age group
(age range: 8–36 months), children scored between 0–460 (M = 173, SD = 156)
(Figure 3). For example, one child, aged 11 months, was reported to use no signs,
whereas another child, aged 8 months, was reported to use one sign and a
15-month-old child was reported to use seven signs. These results reflect a variation
in vocabulary size within this age group. In the older age group (age range: 46–86),
most children showed a ceiling effect, meaning that they had acquired nearly all of
the 563 signs of the ISL-CDI (M = 495, SD = 118, Min–Max: 129–557) (Figure 3).

Two signs were produced by above 90% of the children: LIGHT (94%) and
BYE-BYE (91%), suggesting that these are the earliest acquired signs. Eleven signs
were produced by 80% of the children and above. These signs represent the cate-
gories of family members (e.g., MOTHER, FATHER), food (e.g., WATER, FOOD),
animals (e.g., FISH, DOG, BIRD), toys (e.g., BALL), greeting (e.g., HI), action signs
(e.g., SLEEP), and situations and events (e.g., MORE).

Following the analysis of Frank et al. (2019), we further ran model fit curves for
the proportion of each semantic category produced by each child as a function of the
proportion of vocabulary size of each child (Figure 4). Figure 4 shows areas where
the data deviate from the pattern of category acquisition predicted by random item
sampling. The size of the region above versus below the dotted diagonal indicates

Figure 3. Scatterplots of ISL-CDI scores per child’s age in months (n= 34).
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Figure 4. Model fit curves for proportion of each semantic category produced by each child as a function
of the proportion of vocabulary size of each child.
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over- versus undersampling for a particular semantic category. Interestingly, the
categories of animals, greeting, toys, and transportation are overrepresented in early
stages of vocabulary acquisition, while the categories of preposition of places, body
parts, question words, and time words are underrepresented.

Effects of age, iconicity, and frequency on sign acquisition
Secondly, we evaluated the effects of age, iconicity, and frequency on acquisition
of vocabulary in ISL. We analyzed the data using a binominal mixed-effects
logistic regression model. Given the binary nature of our dependent variable
for ISL acquired signs (child produces the sign= 1, child does not produce the
sign= 0), participants and items were included as random factors. The inclusion
of these two variables enabled us to account simultaneously for child-specific
and item-specific variability and allowed for generalization beyond both the sample
of children and the set of vocabulary items. Three fixed effects were included into
the model: iconicity (mean ratings), frequency (mean ratings), and age (months).
We also included Age*Frequency and Age*Iconicity interactions. The analysis
(Table 4) showed significant main effects of age, iconicity, and frequency. The find-
ings showed that with increasing age children were likely to produce more signs.

Table 4. Results of the fixed effects of the binominal mixed-effects logistic regression (the results for the
fixed coefficients see in Appendix 1)

Fixed Effects

Source F df1 df2 Sig.

Corrected Model 40.495 23 18788 .000

ICONICITY 2.819 6 18788 .010

FREQUENCY 2.501 5 18788 .029

Age 93.741 1 18788 .000

Age * ICONICITY 2.455 6 18788 .022

Age * FREQUENCY 14.953 5 18788 .000

Figure 5. ISL-CDI scores (% out of the total score) per (a) iconicity and (b) frequency band. Error bars
present 95% CI.
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Children were more likely to produce signs with higher rather than low iconicity
ratings, and signs with higher rather than low frequency ratings (see Figure 5).
The model also yielded significant Age*Frequency and Age*Iconicity interactions,
pointing at different effects of frequency and iconicity over the course of child’s
language development.

For the ease of interpretation of the Age*Frequency and Age*Iconicity interac-
tions, we divided children into several age bands (see Figure 6). Visual inspection of
the Age*Iconicity interaction (Figure 6a) suggests that in the older age band group
(> 55 months) there was a ceiling effect. In the younger age bands (8–24 months)
only words with the highest iconicity ratings (closer to 7) were likely to be produced,
whereby in the group of children of the middle band (25–54 months) the effect of
iconicity is present: signs that are more iconic more likely to be produced. However,
the results for the Age*Iconicity interaction must be interpreted with a degree of
caution, as the interaction was not robustly significant.

Turning to the Age*Frequency interaction, visual inspection of the data
(Figure 6b) suggests that the effect of frequency is robustly present after the age
of 24 months, meaning that signs that are more frequent in the lexicon are more
likely to be produced. Furthermore, in the younger group the effect is present
yet, it is less robust as compared to older children.

General discussion
Our study was devised to develop the ISL-CDI assessment tool to explore the
acquisition of sign production in ISL. The current study is the first study to inves-
tigate ISL acquisition. Secondly, it was devised to assess the role of age, frequency,
and iconicity on early vocabulary acquisition in the sign modality of bimodal-
bilingual children. The study aimed to add new findings to the conflicting evidence
on the role of iconicity and frequency in sign language acquisition. We discuss the
findings for early sign production in ISL and compare the results of the current
study to previous findings of sign and spoken languages. We then discuss the
relationship between age, frequency, and iconicity as shown in the current ISL-
CDI data.

Figure 6. ISL-CDI scores (% out of the total score) per (a) iconicity and (b) frequency band. Error bars
present 95% CI.
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Early ISL production

The current study described the development of an ISL-CDI parental questionnaire,
which was carefully adapted from Hebrew to ISL. The findings support the validity
of the newly designed tool for assessing ISL vocabulary development in native sign-
ing toddlers. This was shown by three measures. First, there were significant cor-
relations between age and ISL-CDI scores, reflecting the expected vocabulary
growth over time. These results reiterate findings for spoken languages (Bavin
et al., 2013) as well as previous results for sign languages (Caselli & Pyers, 2017;
Sümer et al., 2017; Woolfe et al., 2010). In addition to correlations between age
and ISL-CDI scores, there were significant correlations between parental ratings
of children’s ISL skills (based on the parental background information question-
naire) and children’s ISL-CDI scores. Importantly, there were significant correla-
tions between parental ratings and vocabulary scores even when age was
controlled for. Moreover, there was a significant correlation of type/token ratio
from naturalistic sign production and children’s ISL-CDI scores for a subgroup
of 12 children. Together these three measures (age, parental reports, and child actual
production) support the validity of the newly developed ISL-CDI questionnaire.

The current results are in line with the growing literature supporting the validity
of the CDI as a measure of children’s lexical development across different sign
languages (Caselli & Pyers, 2017; Sümer et al., 2017; Woolfe et al., 2010). In addition,
it supports previous studies showing that parental ratings are a reliable measure of
assessing children’s language skills (Bavin et al., 2013).

The small sample of participants neither allows us to evaluate the effect of age of
acquisition per sign, nor enables us to develop norms for the number of signs per
age group. Yet, with this limitation in mind, two similarities to spoken language are
yielded nevertheless: wide variability of children’s vocabularies at initial language
acquisition stages and age of onset of signs. Our results support findings of a wide
variability in the reported vocabulary size of children at initial language acquisition
stages (Fenson et al., 2000a). While some children between 1 to 2 years old produced
only a small number of signs, others had a vocabulary of 100–200 signs. The size of
vocabulary before the age of 12 months in the current study resembles the findings
for British Sign Language (Woolfe et al., 2010), and findings from spoken languages,
suggesting that at this age children have less than 10 signs/words. Thirteen signs
were not produced by any child aged 8–36 months.6 This finding has applied clinical
implications. It suggests that if the ISL-CDI aims to measure vocabulary of children
aged 12–36 months, these signs should be excluded.

Age of onset of signs is another important measure. Capirci et al. (2002) argued
that when gestures are properly distinguished from signs, both speaking and signing
children show comparable age of onset of communicative first word/sign around
age of 12 months. In the current study, we asked parents to report only on sign
production and the gesture part of the questionnaire was excluded. We believe that
this process reduced confusion and overlap between gestures and signs in parental
responses, resulting in a similar age of onset to the one reported by Capirci et al.
(2002). Support for the assumption of comparable age of onset in sign languages
can come from future studies that will explore the relationship between onset of
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sign and spoken languages, for example, sign scores (ISL-CDI) and spoken scores
(Hebrew-CDI) of the same children.

It is important to note that whereas previous studies tested monolingual signers,
the current study investigated the acquisition of the sign language in bimodal-
bilingual children. Language dominance shifts in bilingual speakers over the
lifespan. In the current study bimodal-bilingual children were dominant in ISL,
based on parental reports (as can be seen in Table 3). Yet, we might assume that
with increased exposure to the spoken language, Hebrew, due to schooling, there
might be a dominance shift to Hebrew (the Societal Language). This hypothesis
needs to be tested in future longitudinal studies. Moreover, in the current study
hearing function (as tested by IT-MAIS) was higher in the older children.
Because there is evidence that hearing function affects positively the acquisition
of spoken language (e.g., Novogrodsky et al., 2018), future studies need to assess
the effect of hearing function on the acquisition and maintenance of the sign
language of bilingual-bimodal children. The interactions between the sign and
the spoken language in bimodal-bilingual children, including different child-
internal and child-external variables await future studies.

Previous studies using the CDIs in a variety of spoken bilingual contexts have
shown that children with dominant exposure to one of their languages have vocab-
ulary sizes that are similar to those of monolingual speakers of the language (e.g., for
German–English bilinguals, Junker & Stockman, 2002; but see contradictory find-
ings, Hoff et al. 2012). This comparison cannot be tested in our case because to the
best of our knowledge most of deaf children in Israel grow up bimodal-bilingual
from an early age. Yet, future studies need to investigate the acquisition of
Hebrew and total conceptual vocabulary in bimodal-bilingual children as compared
to their monolingual Hebrew-speaking peers. O’Toole et al. (2017) compared the
vocabulary size of 250 bilinguals aged 24–36 months acquiring six different lan-
guage pairs. Their findings emphasized the prominence of the CDI in the context
of bilingual children to assess the child’s home language. The authors argued that it
allows clinicians to gain insight into the child’s acquisition of a language the
clinician does not know. In the case of bimodal-bilingual children, while the spoken
language is usually known by clinicians and educators, their sign language knowl-
edge is often limited. Thus, the importance of the current tool is in its ability to get a
precise report for ISL. Armon-Lotem and Ohana (2017) suggested that both lan-
guages of a bilingual child should be taken into consideration to generate bilingual
norms for that specific population, or use a conceptual vocabulary score and com-
pare it to monolingual norms. In any assessment scenario, the CDI tool of a sign
language is required as part of the assessment procedure of bimodal-bilingual
children.

Interestingly, the characteristics of the different lexical semantic categories
showed that children acquiring ISL produced more signs from certain categories
in early stages of vocabulary acquisition. Signs that were produced by most
of the children (80% and above) were from the following categories: greetings
(HI, BYE-BYE), toys (BALL), and animals (FISH, DOG, BIRD). The current find-
ings are in agreement with previous studies on other sign languages. For example,
similar categories are also found in early signs of children acquiring American Sign
Language: animals (e.g., DOG, CAT) and greetings (e.g., BYE) (Chen-Pichler, 2012).
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In contrast, the categories of question words, prepositions of places, and time
words were underrepresented in early stages of vocabulary acquisition of toddlers
in ISL. Many of the signs in these categories belong to closed-class (function) words/
signs that are reported to be acquired later (e.g., Goodman et al., 2008). Another
category with underrepresented signs in early stages of vocabulary acquisition is
body parts. This category requires an explanation as it is a common category in
children’s early vocabulary. In the current version of the ISL-CDI most body
parts were excluded because they are signed by pointing. Following previous studies
(e.g., Woolfe et al., 2010), this process aimed to reduce confusion between gestures
and signs for the parents who filled out the questionnaire (for more details see
method of Study 1). This resulted in a small number of body parts signs in the
category that included rare signs (e.g., FACE, CHIN, NECK), which explains their
underrepresentation in the early vocabulary.

Effects of age, iconicity, and frequency in early sign production

In this subsection, we discuss the three parameters that might potentially affect
vocabulary acquisition in ISL: age, frequency, and iconicity. The parameter of
age was discussed previously. Correlations between age and ISL-CDI scores support
the concurrent validity of the ISL-CDI tool. In addition, the results suggest that
similarly to other sign languages, as toddlers use a sign language, they acquire more
signs from different lexical categories (Caselli & Pyers, 2017; Sümer et al., 2017;
Woolfe et al., 2010). Here we further discuss the interactions between age and
iconicity, and age and frequency.

Iconicity
Our results suggest that the effect of iconicity increase with age in line with findings
from spoken languages (Massaro & Perlman, 2017; Maurer et al., 2006; Perry et al.,
2018). For example, Maurer et al. (2006) compared toddlers aged 2.5 years and
adults. They found that at this age children were sensitive to iconicity patterns
of spoken nonwords. Similarly, in the current study, children aged 25–55 months
(Figure 6a) showed an iconicity effect, while younger children did not (and older
children showed a ceiling effect). Two contrastive accounts attempt to explain
the influence of iconicity on language acquisition. One account suggests that if ico-
nicity is mediated by exposure to real-world and contextual information, allowing
children to grasp the link between form and meaning, age would influence its out-
come. This assumption predicts that with age, the effect of iconicity increases. In
contrast, if iconicity relies on basic sensory motor associations, it will not be medi-
ated by real-world experience, and no interaction with age will be shown (Perniss
et al., 2010). Our findings support the former hypothesis: the iconicity effect is medi-
ated by development and real-world experience.

In studies of sign languages, the role of iconicity was shown for older children
aged 10–12 years in a picture/sign matching task by faster responses for highly
iconic signs compared with less iconic signs (Ormel et al., 2009). Similar effects were
found previously also for younger children aged 2–4 years (Thompson et al., 2013).
Furthermore, within this age group (2–4 years), older children showed a larger
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iconicity effect. Importantly, when testing the iconicity effect in children younger
than 2 years old, the iconicity affect is not evident. For example, in a longitudinal
study of 13 native signers (median age of 10 months at outset of study), only one
third of the first 10 signs the children acquired were iconic signs and the proportion
of iconic signs was similar at age 18 months (Orlansky & Bonvillian, 1984).
Moreover, the effect of age is also shown in the iconic gesture use among hearing
children. For example, Özçalişkan et al. (2014) found that children use iconic
gestures conveying action meanings only after they begin to acquire the verb system
underlying their language. Finally, the role of iconicity is also reflected in sign
language input that children receive. For example, in a longitudinal case study that
followed two bimodal-bilingual hearing children’s acquisition of ISL and Hebrew
from the age of 10 to 40 months, the “Motherese” input was characteristic with
exaggerated iconic production (Fuks, 2018).

The current results expand our knowledge on the iconicity effect showing that
the iconicity effect is more robust after the age of 24 months. While we showed a
larger iconicity effect for later acquired signs compared to first signs produced by
native signers, the most common case of sign language acquisition is among deaf
children born to parents who do not sign. Deaf children born to hearing parents
who do not sign are considered to have delayed exposure to language, signed or
spoken. The delay in sign exposure is due to the lack of input from the environment
that does not sign, and the delay in spoken language is due to the hearing
impairment (Henner et al., 2018). It should be kept in mind that when acquiring
sign language, deaf children born to hearing parents are older and have mature cog-
nitive abilities and more exposure to real-world experience, thus a large iconicity
effect for the first signs might be found for this group of children. This question
should be addressed in future studies. Another question remains open regarding
the iconicity effect across different semantic categories. Whereas the current analy-
sis explored the iconicity effect based on item ratings, it will be interesting to explore
in future studies the effect of iconicity on the acquisition of different semantic cate-
gories. For example, the category of pronouns received a high iconicity rating but
showed equal proportion of use as a function of the proportion of vocabulary size.
Looking at the relative representation of pronouns in early vocabulary of ISL
acquires, this semantic category is acquired in a parallel rate along the growth of
vocabulary size. The gap between these two findings awaits future studies that will
focus on exploring different semantic categories. The last point that we would like to
raise with regard to the iconicity effect relates to the iconic mapping process (Taub,
2001). It is assumed that different types of iconic mappings may facilitate acquisi-
tion (Ortega, 2017). In the current study, we tested iconicity as a holistic concept
and showed that there is an iconicity effect on vocabulary acquisition and that this
effect increases with age. However, the nature of this effect at different ages might be
modulated by different iconicity parameters. The way iconicity leverages acquisition
remains unclear based on the current data and needs to be further explored in future
studies. To summarize, the current findings provide novel evidence from a sign
language not previously tested that iconicity is central in vocabulary acquisition
of sign languages and that it functions as a bridge between linguistic form and
human experience (Thompson et al., 2013).
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Frequency
Our results showed that iconicity is not the only factor in sign language
lexical acquisition, or as Caselli and Pyers (2017) put it “the road to language
learning is not entirely iconic.” Frequency influenced the ISL-CDI scores and
this effect was stronger in older children (> 24 months) than in younger children
(< 24 months). Previous findings on spoken languages found no frequency effect
for early lexical development (Goodman et al., 2008; Hansen, 2017). The explana-
tion suggested by Goodman et al. (2008) is that most frequent items in parental
input are closed-class (function) words (e.g., pronouns, prepositions, articles), yet
these are learned later. Similarly, we found that the categories comprising
closed-class words were underrepresented in early stages of ISL acquisition.
Goodman et al. (2008) showed that the effect of frequency is modulated by
children’s chronological age and vocabulary size as it increases after the first
100 words. Our results are in line with this hypothesis. Our data show that
the effect of frequency was more robust after the age of 24 months, when children’s
vocabulary size was larger than 100 signs.

Our findings are in line with the previous studies on spoken languages
(Braginsky et al., 2016; Goodman et al., 2008; Hansen, 2017) and sign languages
(Caselli & Pyers, 2017), supporting the effect of frequency in vocabulary acquisition.
Together the findings show that the effect of frequency changes over the course of
early lexical development.

To conclude, the current study presented the development of the ISL-CDI paren-
tal questionnaire exploring its characteristics and supporting its validity as a tool for
early vocabulary assessment in ISL. The findings support that children make use of
both iconicity and frequency characteristics of the language to learn new signs and
that these effects change over time.
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Notes
1 The term language deprivation in the context of deaf children and children with hearing impairment is a
label for different language dysfluency issues that tend to appear due to absent or inconsistent language
exposure (Henner et al., 2018).
2 The category of body parts that are not signed with pointing was added to the questionnaire only after
iconicity ratings were collected. Thus, this category is not explored in the iconicity effect on acquisition.
3 Following the policy of the MacArthur–Bates Communicative Development Inventories (CDIs), the
newly developed ISL-CDI tool is available from the research team. See contact details of the authors.
4 In addition, following an anonymous reviewer‘s suggestion, we also collected iconicity ratings from
11 (7 females and 4 males) ISL native signers (Mage = 32, SD = 10, Min–Max: 20–53), who were exposed
to ISL from birth and grew up in a signing home with one or two signing parents. They were from different
areas of Israel (north, center, and south), representing different signing communities, and belonging to a
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mid-high socioeconomic group, as measured by years of education (M = 14, SD = 2 Min–Max: 12–16).
Following the ASL acquisition study of Caselli and Pyers (2017), who used iconicity ratings from hearing
adults (Caselli et al., 2017), in the current study, we also used the data from sign-naïve adults (see Results,
Study 1A). However, it should be noted there were strong correlations in the iconicity rating scores between
the ISL native signers and the sign-naïve adults (r =.71, p < .001).
5 The gap between total number of signs (n= 563) and the number of signs reporting for iconicity
(n= 554) rating represents the fact that iconicity ratings were collected before signs of body parts that
are not signed with pointing (e.g., FACE signing a circle around the face) were added.
6 These include the following signs: JEEP, PORRIDGE, RAISINS, ROCK, PICNIC, GAS STATION, THIN,
AFTER, WAS (past), THESE, OUR, BETWEEN, NEXT TO.
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APPENDIX 1

Fixed coefficients for the fixed effects of the binominal mixed-effects logistic regression

Model Term Coefficient Std. Error t Sig.

95% Confidence
Interval

Lower Upper

Intercept 4.303 .5721 7.522 .000 3.182 5.425

Age –.148 .0127 –11.583 .000 –.173 –.123

ICONICITY_L= 1 .450 .3730 1.206 .228 –.281 1.181

ICONICITY_L= 2 .734 .2620 2.803 .005 .221 1.248

ICONICITY_L= 3 .816 .2563 3.182 .001 .313 1.318

ICONICITY_L= 4 .601 .2588 2.322 .020 .094 1.108

ICONICITY_L= 5 .341 .2530 1.348 .178 –.155 .837

ICONICITY_L= 6 .555 .2589 2.145 .032 .048 1.063

ICONICITY_L= 7 0b . . . . .

FREQ_L= 2 4.805 3.0060 1.599 .110 –1.087 10.697

FREQ_L= 3 .312 .3693 .844 .398 –.412 1.036

FREQ_L= 4 .495 .2267 2.185 .029 .051 .940

FREQ_L= 5 .481 .1744 2.759 .006 .139 .823
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FREQ_L= 6 .376 .1386 2.715 .007 .105 .648

FREQ_L= 7 0b . . . . .

Age*[ICONICITY_L= 1] .010 .0102 .989 .322 –.010 .030

Age*[ICONICITY_L= 2] .010 .0078 1.333 .183 –.005 .026

Age*[ICONICITY_L= 3] .001 .0077 .099 .921 –.014 .016

Age*[ICONICITY_L= 4] .006 .0078 .712 .476 –.010 .021

Age*[ICONICITY_L= 5] .009 .0077 1.196 .232 –.006 .024

Age*[ICONICITY_L= 6] –.005 .0080 –.572 .568 –.020 .011

Age*[ICONICITY_L= 7] 0b . . . . .

Age*[FREQ_L= 2] .004 .0425 .101 .920 –.079 .088

Age*[FREQ_L= 3] .046 .0076 6.013 .000 .031 .060

Age*[FREQ_L= 4] .037 .0054 6.849 .000 .026 .047

Age*[FREQ_L= 5] .027 .0047 5.778 .000 .018 .036

Age*[FREQ_L= 6] .013 .0042 3.051 .002 .005 .021

Age*[FREQ_L= 7] 0b . . . . .

bThis coefficient is set to zero because it is redundant.
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