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1. Introduction 

 

Studies have estimated that more than 90% of deaf and hard-of-hearing 

children are born to hearing parents (hereafter DoH children; Mitchell and 

Karchmer 2004). Since their parents do not know a sign language, and their 

hearing levels restrict natural access to spoken language, many of these children 

experience early periods without full language access, until such time as they 

begin receiving exposure to signing and/or receive hearing technology permitting 

improved access to spoken language (Hall et al. 2017).  

Many parents opt for an approach that focuses on the use of hearing 

technology and spoken language exclusively. However, these entail inevitable 

delays before children are able to develop spoken language, and while some 

eventually develop speech on par with their hearing peers, many do not (Ching et 

al. 2017; Hall et al. 2019). Exposure to a natural sign language could provide 
crucial early linguistic experience; however, pervasive effects of audism and 

linguicism mislead many parents and early intervention providers of deaf children 

into viewing early sign language exposure as an impediment to spoken language 

development (e.g., Geers et al. 2017; c.f. discussions in Humphries 1975; Bauman 

2004; Pontecorvo et al. 2023, a.o.). In this study, we present evidence that 

counters this view, supporting bimodal bilingual acquisition - the use of both a 

spoken language and a sign language - as an optimal option for DoH children.  

In particular, this study investigates vocabulary development by DoH 

children. Previous research demonstrates that children’s vocabulary development 

is correlated with overall grammatical development. For example, Devescovi et 
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al. (2005) show a positive correlation between lexical development and Mean 

length of Utterance (MLU) for hearing monolingual children (ages 1;06–2;06) 

learning English or Italian. Lillo-Martin et al. (in prep.) observe a similar positive 

correlation between MLU and lexical development for deaf children of deaf 

parents (ages 1;05–4;02), with exposure to ASL from birth. 

The literature investigating vocabulary development of DoH children who 

sign is still limited. Among existing studies, it has been shown that with early 

access to both American Sign Language (ASL) and English, these bimodal 

bilingual children display age-appropriate vocabulary development in both ASL 

and English. For example, parent reports on the ASL adaptation of the MacArthur 

Bates Communicative Development Inventory (ASL-CDI 2.0) (Caselli et al. 

2020) collected by Caselli et al. (2021) show that DoH children (ages 0;08–5;08) 

who were exposed to ASL before 6 months display age-appropriate receptive and 

expressive ASL vocabulary comparable to Deaf children of signing Deaf parents 

(hereafter DoD children). Pontecorvo et al. (2023) investigate the relationship 

between ASL vocabulary and spoken English vocabulary in DoH children (ages 

0;08–5;00). They analyzed parental reports of the ASL-CDI 2.0 (Caselli et al. 

2020) and the 100-item short form of the English-CDI (Fenson et al. 2000) and 

found a significant positive correlation between ASL vocabulary and spoken 

English vocabulary for these children. Furthermore, children with strong ASL 

vocabulary also tend to have age-appropriate English vocabulary comparable to 

monolingual hearing children. Berger et al. (2024) show that among DoH children 

(ages 0;08–5;00) whose parents are learning ASL and provide ASL input to them, 

there is a significant positive correlation between parent’s ASL skills and child’s 

ASL vocabulary for older and middle age groups of DoH children. However, they 

did not find a similar correlation for younger DoH children; some of those 

participants displayed age-appropriate ASL skills even if their parents’ ASL was 

weaker. Note that all these studies are based on parental reports. 

In this study, we use longitudinal production data and parental reports to 

investigate vocabulary development in both ASL and spoken English of bimodal 

bilingual deaf children with hearing parents. We also compare the ASL results 

from these participants with analogous production data from deaf children of deaf 

parents.  

 

1.1. The family ASL project 

 

This study is part of the Family ASL Project 

(https://slla.lab.uconn.edu/family-asl/). The goal of the project is to investigate 

the path of language development for ASL-exposed DoH children in ASL and 

English, as well as their hearing parents’ learning of ASL. Unlike most deaf 

children with hearing parents, the hearing parents in this project are learning ASL 

as a second language (L2) and provide both English and ASL input to their 

children, so these children are developing as bimodal bilinguals (Lillo-Martin et 

al. 2023; Chen Pichler et al. 2024). During the course of the project, the families 

also receive support in their ASL development from an ASL specialist, including 

ASL lessons tailored to each family and introduction to visual strategies. While 
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the overall project covers a wide range of topics and participants, this paper 

focuses on vocabulary development for a subset of the children in the study. 

 

2. Method 

2.1. Participants

 

In this study, we focus on five DoH children who were the first qualified 

participants to complete the majority of the full year-long study. They were 26–

49 months old during the period of observations (see Table 1). All these children 

have a CI or hearing aid, and all are exposed to English and ASL input over the 

course of the study. According to parent reports, their first exposure to signing 

was before 12 months.1 In fact, all participants but Nayla were exposed to sign 

before 6 months. At the beginning of participation, the primary language used at 

home differs across families. Furthermore, we observed variation in language use 

based on the language samples submitted by the families over the course of the 

study.  

 

Table 1. Participant information. 

Child Age 

range of 

observa-

tions 

(months) 

# of 

language 

samples 

analyzed 

Hearing 

devices 

Age of 

first 

expos-

ure to 

sign 

Early input before 

joining the study 

(Primary/ 

Secondary) 

Ellie 26 - 36 9 Bilateral 

CI  

2 

months 

Sign-supported 

English/ English, 

ASL 

Imani 29 - 40 9 Unilateral 

CI 

birth Spoken English/ 

Sign-supported 

English  

Nayla 31 - 40 9 Bilateral 

CI 

8 

months 

Sign-supported 

English/ ASL 

Haven 38 - 49 9 Bilateral 

CI 

4 

months 

Sign-supported 

English/ Spoken 

English 

Yeira 38- 48 8 Hearing 

Aid 

birth Sign-supported 

English/ Spoken 

English 

1 On this question we did not ask parents to differentiate between exposure to ASL 

versus sign-supported English. 
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2.2. Measures and analysis 

 

We adopted two measures to evaluate vocabulary development in this report: 

language sample analysis and the Communicative Development Inventory (CDI). 

Both measures were applied to both ASL and English development.  

For the first measure, we calculated the number of word types in language 

samples that were recorded by parents. Naturalistic language samples of children 

interacting with their parents were collected on a weekly basis. Most sessions 

include activities like playing with toys and reading books. As these sessions were 
recorded by parents, there were no experimenters involved. Families were 

encouraged to use whatever languages they are comfortable with. For most of the 

time, the families used a combination of ASL and spoken English.  

Because annotation of the language samples is time-consuming, analysis at 

this stage was conducted on selected monthly sessions. We annotated both ASL 

and English for 5-minute segments of the selected sessions. ASL annotations 

follow the conventions of the SLAASh project (Hochgesang 2022), making use 

of ID glosses from ASL Signbank (Hochgesang et al. 2017-2025). The English 

annotations follow the CHAT format used in the CHILDES project 

(MacWhinney 2000). 

Based on these annotations, we analyzed the 5-minute segments to assess the 

children’s expressive vocabulary. Specifically, we calculated the number of word 

types (i.e., the unique vocabulary) produced in ASL and in English, respectively. 

For example, if the same word was used three times in a session in the same 

language, we only counted it as one word type for that language. Moreover, 

because we wanted to capture the participants’ vocabulary development in each 

language, we counted vocabulary used in ASL and English separately. This 

means that potential translation equivalents expressed in ASL and English were 

counted twice instead of being treated as one lexical concept. For instance, MOM 

in ASL and English “Mom’ are counted as two different word types, one for each 

language, even when produced simultaneously. The results were then analyzed 

using R (version 4.4.1; R Core Team 2025).  

For comparison, we also calculated the number of word types in ASL 

produced by four similar-aged ASL-learning DoD children (ages 28–42 months) 

from a separate study (Lillo-Martin et al. 2024; in prep.). Specifically, we 

identified the range of ASL word types in their production data based on a 5-

minute segment of each session. The range is decided by the highest and the 

lowest number of word types produced among the four DoD children at the same 

age point. Note that the language used in the DoD sessions was ASL only. 

The second measure we adopted was the MacArthur-Bates Communicative 

Development Inventory (CDI). We collected parents’ responses up to three times 

over the course of the study. For English, we used the short form of the English-

CDI (Fenson et al. 2000), alternating between Forms A and B. For ASL, we used 

a 100-item adaptation of the ASL-CDI 2.0, also with two alternating forms 

(Anderson 2002; Caselli et al. 2020). In this study, we will only focus on the 

expressive CDI scores for both languages.  
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3. Results 

3.1. Number of word types in language samples 

 

Figure 1 illustrates the number of word types the five DoH children in our 

project produced compared with the DoD children. The range of ASL word types 

produced by the DoD children is shown by the grey shading. The solid dots 

represent the number of ASL words produced by the DoH children at different 

age points; the vertical bar of each dot represents the number of spoken English 

words they produced at the same age point; and the triangle represents the total 

combined vocabulary (i.e., ASL plus English) produced by the DoH children.  
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Figure 1. Number of word types produced by DoH children compared with 

DoD children. Figure created in R using the ggplot2 package (Wickham 

2016). 

If we compare just the ASL word types between the two groups, only a few 

of the DoH participants’ observations (the solid dots) fall within the range of their 

DoD counterparts. Most of the DoH scores are lower, and there is no obvious 

increase over time. However, recall that these are bimodal bilingual children 

acquiring both English and ASL. If we consider the total word types combining 

English and ASL production, represented by the triangles, we observe an obvious 

increase over time. We conducted a correlation test using the cor.test function in 

R. As shown in Table 2, there is a statistically significant positive correlation 

between age and the total number of word types produced by the DoH children, 

with a moderate to strong correlation coefficient.2 Their English word types, 

represented by the length of the vertical bars, also show an increase over time.  

2 The combined vocabulary types produced by the DoH children also appear to outperform 

the DoD children slightly. However, recall that for the DoH sessions, translation 

equivalents produced in ASL and English were counted twice, whereas the DoD sessions 

have ASL production only, so there is no such double crediting. For this reason, we choose 

to be cautious in making this comparison.  
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Table 2. Correlation between age and total vocabulary types of the DoH 

children. 

Sample 

size 

df r t-value p-value CI 

lower 

CI 

upper 

38 36 0.68 5.568 <.001 0.461 0.821 

 

3.2. CDI scores  

 

Figure 2 shows the ASL-CDI scores (on the left) and English-CDI scores (on 

the right) of the five DoH children. We can see that the overall CDI scores of both 

ASL and English increase for four of the five children, namely Ellie, Nayla, 

Imani, and Haven.3  
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Figure 2. CDI scores of the DoH children. Figure created in R using the 

ggplot2 package (Wickham 2016). 

 

Moreover, for these four children, the ASL-CDI scores show improvement 

over time, in contrast to the language sample results shown in Figure 1. In 

addition, for the three children who have higher ASL-CDI scores – Ellie, Nayla, 

and Imani – their scores are age-appropriate according to the norms based on DoD 

children learning ASL as reported by Caselli et al. (2020). Interestingly, the two 

outliers who have the lowest ASL-CDI scores – Yeira and Haven – also have the 

highest English-CDI scores. There could be multiple reasons behind this pattern, 

including differences in the proportion each language is used in the children’s 

input. We will come back to this issue in the discussion.  

3 Yeira only has two data points available for each language.  
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4. Discussion 

4.1. Language dominance and language input 

 

We have seen from the CDI scores (Figure 2) that the participants differ in 

whether they display stronger scores in ASL or English. While we must exercise 

caution when comparing test scores across languages, based on the CDI scores, 
Yeira and Haven’s English vocabulary scores are higher than their ASL 

vocabulary scores throughout all the observed age points; in contrast, Imani’s 

ASL scores are higher than her English scores at all three observed age points. 

Ellie and Nayla both started with lower English-CDI scores than ASL-CDI 

scores, but their English seemed to catch up with ASL at the last observed age 

point. These results may indicate that the children have different patterns of 

language dominance (stronger ASL, stronger English, or balanced). 

The children’s differential language dominance may be related to the input 

that they received from their parents. We have some evidence of this from the 

language samples. We calculated the proportion of input utterances produced in 

ASL only (sign), English only (speech), or bimodally (ASL and English 

articulated simultaneously) in 10- to 15-minute segments of monthly language 

samples. As shown in Figure 3, Ellie, Nayla, and Imani were exposed to more 

ASL and bimodal input from their parents compared to Yeira and Haven, who 

were mostly exposed to spoken English.  

Yeira Haven

Ellie Nayla Imani

38 40 42 44 46 48 38 40 42 44 46 48 50

24 26 28 30 32 34 36 28 30 32 34 36 38 40 28 30 32 34 36 38 40
0%

25%

50%

75%

100%

0%

25%

50%

75%

100%

Age (months)

M
od

al
ity

Modality Sign Bimodal Speech

Figure 3. Distribution of input types in parents’ language samples. Figure 

created in R using the ggplot2 package (Wickham 2016). 
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Caselli et al. (2021) found a difference in ASL development for DoH children 

whose sign exposure began before versus after the age of 6 months. In our sample, 

all participants other than Nayla had exposure before 6 months, and Nayla’s 

exposure began between 6 and 12 months. Thus, for these participants, the 

amount of sign exposure over time seems to be more closely related to the relative 

strength of ASL development, rather than the age of first exposure. 

4.2. English development in bimodal bilinguals 

 

As we have observed in Figure 1, there is an increase in the number of 

English word types over time among the five participants. In other words, 

acquiring ASL does not hinder the acquisition of English for these bimodal 

bilinguals. This evidence counters the view that early sign language exposure 

impedes spoken language development (e.g., Geers et al. 2017; c.f. Pontecorvo et 

al. 2023 for a similar finding for ASL-English bilinguals).  

 

4.3. Implications for future research 

 

As these results show, we have observed different patterns based on our 

assessment of our participants’ vocabulary development. During the language 

sample sessions, children were able to use the language they were most 

comfortable with at the time of data collection. This may have been a factor 

contributing to limited use of ASL by the English-dominant children, leading to 

the low number of ASL word types in their results. In contrast, the parental reports 

provide an overall picture of the children’s production at specific age points. 

Since evaluation results vary based on the specific type of assessment conducted, 

using multiple measures is necessary to capture the overall picture of vocabulary 

development, particularly for bilingual children.  

The data reported in this paper are based on observations of only 5-minute 

samples from 5 participants. To improve this limitation, we are working on 

expanding the data set to include longer segments and more participants. We are 

also conducting more detailed analyses of children’s productive vocabularies in 

relation to their input from their parents.  

 

5. Conclusions 

 

In this study, we investigated the vocabulary development of five deaf 

children of hearing parents (DoH children) acquiring both ASL and English. We 

analyzed their expressive vocabulary development using two measures: language 

sample analysis of longitudinal naturalistic data and Communicative 

Development Inventory (CDI) parent reports. For the language samples, the 

number of different words produced by the DoH children in ASL was lower than 

that produced by deaf children with deaf parents (DoD children). However, the 

overall vocabulary development of the DoH children showed an increase over 

time, once the English and ASL word types are combined. Despite the low 

number of ASL word types in naturalistic production data, the DoH children do 
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show progress in acquisition of ASL and English over time as shown by their CDI 

scores. These findings reaffirm the importance of using multiple methods when 

assessing bilingual children’s language development. The combined evidence 

presented here shows that the DoH child participants in our study are developing 

as bimodal bilinguals, and that their exposure to ASL does not hinder their 

English acquisition.  
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