
Early Childhood Research Quarterly 60 (2022) 201–213 

Contents lists available at ScienceDirect 

Early Childhood Research Quarterly 

journal homepage: www.elsevier.com/locate/ecresq 

Reciprocal patterns of peer speech in preschoolers with and without 

hearing loss 

Lynn K. Perry 

a , ∗, Samantha G. Mitsven 

a , Stephanie Custode 

a , Laura Vitale 

a , Brett Laursen 

b , 
Chaoming Song 

c , Daniel S. Messinger a , d 

a Department of Psychology, University of Miami, 5665 Ponce de Leon Blvd, 33146, Coral Gables, FL 
b Department of Psychology, Florida Atlantic University, Davie, FL, USA 
c Department of Physics, University of Miami, Coral Gables, FL, USA 
d Department of Pediatrics, Department of Electrical & Computer Engineering, Department of Music Engineering, University of Miami, Coral Gables, FL, USA 

a r t i c l e i n f o 

Article history: 

Received 30 April 2020 

Revised 26 May 2021 

Accepted 8 February 2022 

Keywords: 

Hearing loss 

Peer interaction 

Objective measurement 

Vocalizations 

Language abilities 

Inclusive preschools 

a b s t r a c t 

Children with hearing loss often attend inclusive preschool classrooms aimed at improving their spoken 

language skills. Although preschool classrooms are fertile environments for vocal interaction with peers, 

little is known about the dyadic processes that influence children’s speech to one another and foster 

their language abilities and how these processes may vary in children with hearing loss. We used new 

objective measurement approaches to identify and quantify children’s vocalizations during social contact, 

as determined by children’s proximity and mutual orientation. The contributions of peer vocalizations 

to children’s future vocalizations and language abilities were examined in oral language inclusion class- 

rooms containing children with hearing loss who use hearing aids or cochlear implants and their typically 

hearing peers. Across over 600 hours of recorded vocal interactions of 29 2.5–3.5 year olds (16 girls) in 

3 cohorts of children in a classroom, we found that vocalizations from each peer on a given observation 

predicted a child’s vocalizations to that same peer on the subsequent observation. Children who produced 

more vocalizations to their peers had higher receptive and expressive language abilities, as measured by 

a standardized end-of-year language assessment. In fact, vocalizations from peers had an indirect associ- 

ation with end-of-year language abilities as mediated by children’s vocalizations to peers. These findings 

did not vary as a function of hearing status. Overall, then, the results demonstrate the importance of 

dyadic peer vocal interactions for children’s language use and abilities. 

© 2022 Elsevier Inc. All rights reserved. 
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Children’s preschool experiences can have long-lasting de- 

elopmental impacts ( Heckman & Raut, 2016 ; Schweinhart & 

eikart, 1997 ). Children attending preschools that provide expo- 

ure to high quality language exhibit long-term gains in language 

evelopment ( Justice, Mashburn, Hamre, & Pianta, 2008 ) and later 

iteracy abilities ( Dickinson, 2011 ). Children with hearing loss (HL), 

ho tend to have delays in their language ( Niparko et al., 2010 )

nd literacy development ( Ingvalson, Grieco-Calub, Perry, & Van- 

am, 2020 ), often attend early intervention preschools featuring 

urricula focused on improving their oral language skills ( Rice & 

enihan, 2005 ; Scheetz, 2012 ). However, we know of no research 

nvestigating the contribution of peer input on language outcomes 

n these programs. Further, although previous work indicates that 
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he average language ability of a child’s classroom peers in the fall 

as associated with their own spring language abilities, an effect 

hat is stronger for children with disabilities ( Justice, Logan, Lin, 

 Kaderavek, 2014 ; and see Chen, Justice, Tambyraja, & Sawyer, 

020 ), little is known about the role vocal interactions with peers 

lay in this process. These dyadic interactions may be central to 

he previously-documented associations between peer abilities and 

hildren’s language gains ( Henry & Rickman, 2007 ; Justice et al., 

011 , 2014 ; Mashburn et al., 2009 ). Here we model the influence

f vocalizations from individual peers on children’s vocalizations to 

heir peers in inclusion classrooms for children with and without 

earing loss. 

. The unique contributions of peers in scaffolding language abilities 

As play becomes increasingly social during the preschool years, 

eers begin to take on a particularly important role in chil- 

ren’s development ( Bulotsky-Shearer, Bell, Romero, & Carter, 

012 ; Rubin, Watson, & Jambor, 1978 ). Children’s exposure to 

https://doi.org/10.1016/j.ecresq.2022.02.003
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eer language is associated with improvement in their own lan- 

uage abilities ( Henry & Rickman, 2007 ; Justice et al., 2011 , 2014 ;

ashburn et al., 2009 ) independent of the quality of teacher lan- 

uage in their classroom ( Yeomans-Maldonado, Justice, & Logan, 

019 ). Furthermore, studies have found that peer effects are es- 

ecially strong for children with delays or disabilities in inclusion 

lassrooms ( Chen et al., 2020 ; Justice et al., 2014 ). In particular,

hildren with disabilities who have relatively poor language abili- 

ies benefit more from being in a class with a higher average peer 

anguage ability than do their classmates with relatively strong 

anguage abilities ( Justice et al., 2014 ). Together these findings sug- 

est an important role for peers in supporting children’s language 

evelopment. 

Indeed several broad theories of development posit a central 

ole for peers in language development. According to Vygotsky’s 

ocio-cultural theory, learning occurs in a social context. When a 

hild interacts with a partner who has skills just exceeding his 

r her own abilities, the partner can help scaffold the child’s own 

bilities, allowing for developmental change ( Vygotsky, 1978 ). Ac- 

ording to Bandura’s social learning theory, children learn through 

bservation and imitation of their social partners ( Bandura, 1971 ). 

n both accounts, interacting with peers, especially more linguis- 

ically advanced peers, is important for language development be- 

ause it provides children with opportunities to practice and im- 

rove their language skills. Indeed modern accounts of language 

evelopment demonstrate that children’s own language production 

s a stronger predictor of children’s subsequent language develop- 

ent than their language input (e.g., Ribot, Hoff, & Burridge, 2018 ), 

uggesting perhaps that peer input only influences language devel- 

pment inasmuch as it increases children’s language production. 

However, the majority of research in this area has not addressed 

he mechanisms by which peer effects occur, instead showing as- 

ociations between the mean of a child’s classmates’ abilities and 

he child’s own development. A notable exception is Chen and col- 

eagues’ (2020) recent work. These researchers weighted the as- 

essed language abilities of each of a child’s peers using a teacher- 

eported index of how frequently the child played with that peer. 

he sum of these weightings for a child’s peers formed an es- 

imate of each individual child’s “peer language resources.” Chil- 

ren’s peer language resources were positively associated with 

hanges in their assessed language abilities ( Chen et al., 2020 ). 

hese findings indicate individual differences in children’s levels of 

nteraction with each of their classroom peers, and suggest those 

ifferences are meaningfully related to language abilities. However, 

s Chen et al. note, the results are limited in that that they rely on

eacher reports of dyads’ general levels of interaction over a pe- 

iod of several months. Consequently, it is unclear whether chil- 

ren’s vocal interactions with peers affect their own vocalizations 

o peers, and whether these processes are associated with assessed 

anguage abilities. Additionally, peer vocal interaction may vary 

rom day to day and from activity to activity, with less structured 

ctivities such as free-play allowing for more freedom amongst 

hildren to choose their social partners. We next describe how new 

easurement techniques can yield more precise insight into chil- 

ren’s peer interactions. 

.1. Individual differences in children’s language experiences 

Preschool classrooms are dynamic settings, full of simultane- 

us language experiences that differ across individual children 

 Chaparro-Moreno, Justice, Logan, Purtell, & Lin, 2019 ). Historically, 

esearchers have manually transcribed samples of vocalizations, 

ut this approach cannot capture simultaneous classroom interac- 

ions. Advances such as the technologies incorporated in the Lan- 

uage ENvironment Analysis (LENA) system allow for efficient col- 

ection and automated analysis of audio from child-worn recorders. 
202 
nvestigators using LENA technology have been predominantly con- 

erned with input from adults, especially from parents ( Weisleder 

 Fernald, 2013 ). for example, Romeo et al., (2018) found that the 

umber of LENA-estimated conversational turns children engage in 

ith adults are associated with language abilities and language- 

elated neural activity. 

There has been little research utilizing LENA to investigate 

hildren’s language experiences in classrooms, and almost noth- 

ng is known about children’s classroom language interactions 

ith peers. Typically, researchers who have deployed LENA in 

reschools have reported short-term observations encompassing 2 

o 3 recording days and have focused only on teacher language in- 

ut ( Irvin, Hume, Boyd, McBee, & Odom, 2013 ; Soderstrom & Wit- 

ebolle, 2013 ). Those studies that do focus on peer interaction, in- 

luding classroom network research, often do not have full partic- 

pation of all children in a classroom limiting conclusions. In the 

ingle longitudinal LENA classroom study of which we are aware, 

esearchers found that the number of vocalizations children heard 

rom other children was associated with the quantity of their own 

ocalizations on a given day as well as their language develop- 

ent over a year ( Perry et al., 2018 ). However, Perry et al. were

onstrained by LENA technology, which efficiently captures global 

stimates of peer vocalizations but cannot identify which peer is 

alking. Thus, it is unclear whether positive associations between 

lobal estimates of a child’s peer vocal input and their language 

evelopment, are driven by exposure to peer language in general, 

r whether they reflect a reciprocal process of interaction with in- 

ividual peers. We turn next to research examining children’s in- 

eractions with specific classroom peers as these dyadic interac- 

ions may facilitate children’s classroom language learning. 

Who is Talking to Whom ? Typically, classroom social interac- 

ions are identified by trained observers’ manual coding of chil- 

ren’s proximity and joint activity ( Santos, Daniel, Fernandes, & 

aughn, 2015 ). However, an observer can only code one child at 

 time, while classrooms are rife with simultaneous interactions. 

his limitation may be superseded by new technology such as 

bisense tracking that uses Radio Frequency Identification (RFID) 

o provide objective measurement of a child’s position in the 

lassroom Irvin et al. (2018) . validated the use of RFID in the 

lassroom by comparing Ubisense position estimates of 2 chil- 

ren to the locations of classroom activity stations. Using Ubisense, 

essinger et al. (2019) applied a data-driven index of physical 

roximity that indicates distances when children are in social con- 

act at greater than chance levels. In the current project, we com- 

ine objective measurements of vocalizations from LENA with RFID 

ovement and orientation data to determine when children are 

eing spoken to by individual peers, and when they are speaking 

o those peers. Thus, the marriage of these technologies quanti- 

es children’s language-mediated social interactions with individ- 

al peers. 

. Conceptual framework 

We propose a conceptual framework, depicted in Fig. 1 , in 

hich there is a reciprocal pattern of peer vocalization such that 

igher levels of Child A’s speech to B are associated with higher 

evels of subsequent speech of B to A. On this account, hearing 

oss may decrease the number of vocalizations children produce 

nd receive from peers (row A), but it will not affect the overall 

nfluence of peer input on subsequent output (row B). In this way, 

eer vocal input serves to increase a child’s vocal output for both 

hildren with and without hearing loss. We then test whether peer 

ocalizations and children’s own vocalizations are associated with 

nd-of-year language abilities. We propose that children’s vocal- 

zations to peers will be associated with their assessed language 

bilities, and mediate an indirect association between peer input 
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Fig. 1. Visual representation of the conceptual framework for exploring patterns of peer vocalization in children with and without hearing loss. (A) The top row depicts 

hypothesized influences of the target child and their peer’s hearing status (hearing loss or typical hearing) on both the proportion of time they spend in social contact and 

the rate of vocalizations that the target child makes to the peer. (B) The middle row depicts hypothesized influences on the rate of vocalizations that the target child makes 

to the peer. Thus, the same associations are shown for peer vocalizations to highlight the reciprocal pattern of input and output over observations. (C) The bottom row 

depicts hypothesized influences of hearing status on assessed language abilities and the direct and indirect associations between peer vocalizations and language abilities, 

mediated through target output. 
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nd language abilities (row C). Such a pattern would suggest that 

he mechanism by which peers affect language development is by 

roviding children with opportunities to produce language. In the 

ollowing sections we review relevant literature characterizing lan- 

uage development and peer interactions in children with hear- 

ng loss to motivate our conceptual framework and highlight how 

ur innovative approach, combining automated measures of vocal- 

zation and location to measure children’s peer interactions, can 

ll gaps in our current understanding of language development in 

hildren with hearing loss. 

. Hearing loss and language development 

Children with hearing loss (HL) are heterogeneous with respect 

o their language development outcomes. Even with hearing aids 

r cochlear implants, many children with hearing loss exhibit de- 

ays in oral language development ( Niparko et al., 2010 ; Stiles, Mc- 

regor, & Bentler, 2012 ; Walker & McGregor, 2013 ). These delays 
203 
ffect multiple aspects of their receptive and expressive develop- 

ent including speech perception and production ( Blamey et al., 

001 ), vocabulary knowledge ( Davidson, Geers, & Nicholas, 2014 ; 

und, 2016 ), morpho-syntax skills ( Boons et al., 2013 ), narrative 

bilities ( Crosson & Geers, 2001 ), and emerging literacy skills 

 Ingvalson et al., 2020 ). 

Other researchers have targeted language-learning mechanisms 

y comparing the language of children with HL to both age- and 

anguage-matched children. Results indicate that children with HL 

enerally perform similarly to younger, language-matched peers 

 Walker & McGregor, 2013 ). These results suggest delays rather 

han qualitative differences in children with HL. Additionally, de- 

pite older claims that children with HL might produce fewer 

re-linguistic vocalizations than those with typical hearing (TH) 

 Fry, 1966 ), more contemporary studies quantifying vocalizations 

uggest this is not the case ( Iyer & Oller, 2008 ), further highlighting

imilarities in the mechanisms of language learning. Furthermore, 

here is evidence that, similar to children with TH, children with 
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L are receptive to enriched language environments such as expo- 

ure to high quality verbal input (Cruz et al., 2013). for example, 

hildren with HL receiving high levels of sensitive parent language 

nput following cochlear implantation have faster rates of language 

evelopment than their peers ( Quittner et al., 2013 ). Overall, then, 

he evidence suggests that although children with HL have delays, 

igh quality language input may facilitate their progress toward 

losing the gap in their language skills relative to those of TH chil- 

ren. 

.1. peer interactions and development in children with hearing loss 

Children with HL can have difficulty in peer interactions, scor- 

ng lower in social competence and higher in behavior prob- 

ems than children with TH ( Hoffman, Quittner, & Cejas, 2015 ; 

ost et al., 2012 ). Additionally, children who are typically devel- 

ping are more likely to play with peers who are also typically 

eveloping than they are peers with disabilities ( Chen, Lin, Justice, 

 Sawyer, 2019 ), including those with HL ( Antia, 1994 ). Children 

ith HL are also tend to have lower group status and fewer friends 

han their TH peers ( Wauters & Knoors, 2008 ). Notably, these dif- 

erences in social competency in children with and without HL are 

riven by differences in children’s language ability ( Hoffman et al., 

015 ), suggesting a dynamic interplay between language and social 

evelopment. However, although studies of school-age children re- 

eal that peers positively influence the social development of chil- 

ren with HL ( Lloyd et al., 2001 ; Martin et al., 2011 ), we know of

o research investigating the influence of preschool peer interac- 

ions on language outcomes for children with HL. 

Indeed, although research into the role of home language ex- 

eriences on the language abilities of children with HL is in- 

reasing ( Arora et al., 2020 ; VanDam, Ambrose, & Moeller, 2012 ), 

ery little is known about children’s language experiences with 

eers in preschools—a key intervention context for many children 

ith HL. Children with HL often attend inclusive early interven- 

ion preschools featuring curricula focused on improving their oral 

anguage skills ( Scheetz, 2012 ). Moreover, inclusive preschool class- 

ooms give children opportunities to interact with peers with dif- 

erent language abilities, some of whom may have different lan- 

uage backgrounds (e.g., monolingual vs bilingual learners). for ex- 

mple, although studies comparing the assessed language abilities 

f monolingual and bilingual learners with HL do not consistently 

ndicate differences ( Bunta et al., 2016 ; de Diego-Lázaro, Andrea, 

 Adelaida, 2021 ; Robbins, Green, & Waltzman, 2004 ; Thomas, El- 

ashlan, & Zwolan, 2008 ), it remains unclear whether factors like 

anguage background play a role in these children’s peer interac- 

ions in diverse inclusive classrooms. Thus, inclusive classrooms are 

n ideal context to examine the role of children’s dyadic vocal in- 

eractions with peers on their own vocalizations and assessed lan- 

uage abilities. 

. Aims of the current study 

Here we investigate reciprocal patterns of peer vocalizations in 

nclusion classrooms for children with HL and children with TH 

esting the following research questions: 

.1. Research question 1: do social contact and vocalizations vary 

cross peers and activities? 

In our first question, using objective measures we explore 

hether children’s hearing status or the hearing status of their 

eers are associated with differences in their time in social con- 

act (the amount time spent in proximity with peers while fac- 

ng them) and their peer vocalizations during social contact, and 

hether these effects vary by class activity. We hypothesize that 
204 
hildren with HL will spend less time in social contact and pro- 

uce fewer vocalizations than children with TH. 

.2. Research question 2: do peer vocalizations predict subsequent 

arget child vocalizations? 

In our second question, we test the hypothesis that when chil- 

ren are exposed to more vocalizations from individual peers dur- 

ng a given classroom observation, they vocalize more to those 

ame peers during the following observation. Such a pattern, re- 

eated over multiple observations, would reflect a reciprocal lon- 

itudinal process of language exchange within dyads. In this anal- 

sis we also explore whether, consistent with previous studies 

xamining effects of peer language abilities ( Chen et al., 2020 ; 

ustice et al., 2014 ), the effects of peer vocalizations vary with the 

hild’s and peer’s hearing status. 

.3. Research question 3: are vocalizations to and from peers 

ssociated with language ability? 

In our third question, we test hypotheses concerning the as- 

ociation between vocalizations from peers and assessed end-of- 

ear language abilities. We first examine the direct associations 

etween vocalizations from peers and vocalizations to peers on as- 

essed language abilities. Here we also explore whether the effects 

f peer vocalizations vary with the child’s hearing status. We then 

onduct a longitudinal mediation analysis to assess the direction of 

hese associations. One possibility is that vocalizations from peers 

ill be directly associated with assessed language abilities. Alter- 

atively, vocalizations from peers could be associated with vocal- 

zations to peers, which in turn will be associated with assessed 

anguage abilities. Either finding would suggest an association be- 

ween objective measures of dyadic vocal interactions and standard 

ssessments of children’s language abilities. 

. Methods 

.1. Participants 

We observed 29 2.5-3.5-year-olds ( M = 36 months, SD = 4 

onths, at participation onset) in 3 successive cohorts of an oral 

anguage inclusion classroom. See Table 1 for overall and cohort 

evel participant characteristics, and Tables S1 and S2 for each par- 

icipant’s characteristics. Of the 29 children, 14 were Hispanic (13 

hite, 1 multiracial) and 15 were non-Hispanic (8 White, 5 Black, 

nd 2 Asian). Each cohort contained 7 children with HL who used 

earing aids or cochlear implants and 2 to 3 typically hearing chil- 

ren (see Table 1 ). Children’s HL ranged from mild to profound 

inaural HL, with the majority having severe to profound loss. All 

hildren with HL had sensorineural HL; 3 of the children also had 

uditory neuropathy. Based on teacher report, 14 of the children 

ad some degree of bilingual English-Spanish exposure at home 

see Table S1). We obtained informed consent from children’s par- 

nts. One-hundred percent of all children enrolled in each cohort 

articipated in the study. 

.1.1. Standardized assessments of language abilities 

The school speech-language pathologist (SLP) adminis- 

ered the Preschool Language Scales, Fifth Edition (PLS-5 

immerman, Steiner, & Pond, 2011 ) at the end of each school 

ear to obtain a standardized measure of each child’s receptive 

nd expressive language abilities (scores on the auditory compre- 

ension and expressive communication subscales, respectively, of 

he PLS-5). Three typically hearing children were not administered 

he PLS-5 and were not included in relevant analyses. Receptive, 

 = 92, SD = 28, and expressive, M = 92, SD = 23, standard
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Table 1 

Participant characteristics by cohort. 

Cohort 

Number of 

observations 

Mean (sd) 

days 

between 

observations 

TH n / 

HL n 

CI n 

/ 

HA n 

Female 

n / 

Male n 

Bilingual n 

/ 

Monolingual n 

Mean 

(sd) 

Age ∗

Mean 

(sd) 

Age of 

CI/HA ∗∗

Mean 

(sd) 

Hearing 

Age ∗∗∗

Mean (sd) 

range 

PLS-5 AC 

scores 

Mean (sd) 

range 

PLS-5 EC 

scores 

1 10 9.34 (3.50) 3 / 7 5 / 2 8 / 2 4 / 6 37.48 

(2.55) 

15.86 

(4.71) 

26.37 

(9.32) 

85.38 

(26.73) 

60-134 

89.93 

(34.87) 

66-139 

2 11 20.40 

(10.49) 

2 / 7 5 / 2 5 / 4 4 / 5 33.20 

(2.64) 

14.89 

(6.36) 

21.62 

(9.16) 

99.28 

(23.16) 

50-125 

97.04 

(17.81) 

68-127 

3 13 19.42 

(14.99) 

3 / 7 3 / 4 4 / 6 6 / 4 35.38 

(5.05) 

17.14 

(7.86) 

23.38 

(8.01) 

90.81 

(23.16) 

50-132 

89.89 

(25.82) 

50-130 

Total 34 17.37 

(13.45) 

8 / 21 13 / 8 17 / 12 14 / 15 35.68 

(3.95) 

16.08 

(6.23) 

24.04 

(8.81) 

92.68 

(27.76) 

50-134 

92.53 

(23.13) 

50-139 

Note. TH = typical hearing; HL = hearing loss; CI = cochlear implant; HA = hearing aid. Ages in months. ∗Age of first observation. ∗∗Age of CI activation or HA fitting. ∗∗∗Age 

with corrected (or typical) hearing. Auditory Comprehension (receptive language ability); EC: Expressive Communication (expressive language ability) 
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cores were within typical range (see Table 1 for cohort means). 

hildren with HL had significantly lower scores (receptive: M = 

5.24, SD = 26.58; expressive: 85.95, SD = 21.06) than children 

ith TH (receptive: M = 120.60, SD = 9.32, t = 2.89 , P = 0 .008,

 = 1.78; expressive: 118.80, SD = 11.30, t = 3.34 , P = 0 .003, d =
.94). There were no significant differences in the scores of the 

4 children who had some degree of bilingual home exposure 

receptive: M = 86.64, SD = 25.88; expressive: 85.43, SD = 19.35) 

nd those who had monolingual home exposure (receptive: M = 

8.33, SD = 30.05; expressive: 100.25, SD = 26.03), ps > 0.10. Four 

f these children were administered the bilingual Spanish-English 

orm of the PLS-5, based on child preference and best practices. 

here were no differences in PLS-5 scores administered using the 

ilingual or monolingual English form, ps > 0.10. 

.1.2. Classroom characteristics 

The oral language inclusion classroom observed in the study 

s part of a university-based preschool that includes an Auditory 

ral program for children between 1-7 years old. The curriculum 

s designed to prepare children with HL to participate in general 

ducation classrooms and targets listening and spoken language 

evelopment, communication, emergent literacy and STEM skills, 

nd physical fitness as well as social-emotional development. The 

chool follows federal recommendations that one third of class- 

ime be occupied by free play ( USDA, 2010 ). Classroom teachers 

re required to have the State Department of Education Profes- 

ional Educator’s Certificate with the Hearing-Impaired Endorse- 

ent and receive ongoing professional development through the 

chool. 

Although an English-language school, the school is located in a 

ommunity with high levels of English-Spanish bilingualism, and 

pproximately half of the participants came from bilingual homes 

see Table 1 , Table S1). To characterize classroom language, trained 

oders annotated 3 session-long recordings ( ∼12 hours) revealing 

hat 97% of children’s vocalizations were in English and 3% were in 

panish. 

.2. Data collection 

Continuous RFID measurements of each child’s location were 

ollected using the Ubisense Dimension4 system. First-person au- 

io was recorded using LENA Digital Language Processors worn by 

ach child in the classroom. These recordings were collected dur- 

ng multi-hour observations that spanned the entire school day 

 M = 3.62 hours, SD = 0.59 hours). Observations occurred approx- 

mately once every 2 weeks, with the time between observations 
205 
arying based on classroom schedules ( M = 16.80 days; SD = 11.94 

ays, range: 5-51 days). There was a mean of 11.33 observation 

ccasions (SD = 1.53) per class. Due to absences, individual chil- 

ren contributed a mean of 9.83 recordings (SD = 1.83) recordings 

o analyses. The sample yielded 624 hours of recorded audio and 

ovement data. During data collection, a team member, who was 

rained not to interact with the children, was present to verify that 

quipment was working and to note times in which the class en- 

aged in free-play or when children left the room (for outdoor play 

r speech therapy sessions). 

.3. Measures 

.3.1. Children’s movement 

The RFID-based Ubisense system was used to track children’s 

ocation at 2-4 times per second to an accuracy of 15 cm within 

he classroom (4.78 × 7.56 m). The system consists of one sen- 

or in each corner of the classroom, a dedicated server, and active 

ags worn by children. Each child wore 2 tags (in the left and right 

ockets sewn into a vest housing the LENA recorder). The tags’ 

ltra-wide-band RFID signals were used to calculate child location 

nd orientation in 3-dimensional space by means of triangulation 

nd time differences in arrival. This information was used to de- 

ermine social contact and index when children were speaking to 

ne another. 

.3.2. Social contact 

Distance . The radial distribution function indicates distances at 

hich pairs of children are closer than expected by chance ( g(r) 

 1). Chance refers to the likelihood of children being located at 

 particular distance given their overall physical distribution in 

he classroom (without regard to the location of others). The ra- 

ial distribution function for the 34 observations indicated that co- 

ocation between children was greater than chance between 0.2 m 

nd 1.5 m ( Fig. 2 A). We established a first criterion of social con-

act when pairs of children were within 1.5 m of each other. 

Orientation . Within the 1.5 m range, we examined the mutual 

rientation of each dyad. Mutual orientation was calculated by 

easuring θ1 , the angle of child A relative to child B, and θ2 , the

ngle of B relative to child A ( Fig. 2 B). Children showed a tendency

o be oriented towards one another. Consequently, we defined peri- 

ds of social contact as instances where children were within 1.5 m 

f one another and oriented toward one another within ±45 ° de- 

rees. Depending on orientation and distance a child could interact 

ith 2 peers simultaneously. If child A, B, and C, were all located 

ithin 1.5 meters of each other and orientated such that they 
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Fig. 2. Social contact determination. Social contact was determined using Ubisense measures of child-to-child proximity (A) and mutual orientation (B). 1A depicts the 

radial distribution function, g( r ), which indicates distances at which the probability of two children being in contact is higher than chance, g( r ) = 1). Each line depicts 

one observation day for a given cohort 1B is a heat map indicating the angle of each child, θ 1, to all peers, θ2 , who are within 1.5 m. The color bar indicates number of 

tenth-of-a-second observations in 10 0 0s. Children tend to be face-to-face (| θ 1 
o | & | θ2 

o | within |45 o | of 0 o ), which was used as the orientation criterion for social contact 

(white box). 
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1 Here we focus on the overall rate of vocalizations children made to each peer 

on each observation, to allow us to characterize patterns of peer interaction across 

observations. As an alternate approach to characterizing peer interaction, we ex- 

plored whether the number of vocalizations that children produced were in the 

context of multi-turn conversations (both members of a dyad vocalized during a 

social interaction) vs one-turn utterances (only one member of the dyad vocalized). 

We then averaged the number of members of each dyad that vocalized during each 

interaction across observation days. A mixed effects regression model revealed a 
ere all approximately facing each other, this interaction would be 

oded as 3 dyadic interactions (A-B, A-C, and B-C). We calculated 

he proportion of time that each child was in social contact with 

ach individual peer out of the total time in which both children 

n that dyad were in the classroom. This measure is referred to as 

roportion of social contact. 

.3.3. Children’s vocalizations 

Each child in the classroom wore a LENA recorder in a spe- 

ially designed vest. Audio files were analyzed using LENA Pro 

3.4.0 pattern recognition software. Using Gaussian mixture mod- 

ls, the software segments audio recordings into categories distin- 

uishing children’s own speech-like vocalizations from non-speech 

ounds (e.g., crying) and other speakers’ vocalizations. The LENA 

lgorithm defines vocalizations as periods containing the voice of 

he child wearing the recorder of least 50 ms duration that do 

ot include the vocalizations of adults or other children. If in- 

errupted by silence or noise for more than 300 ms, a vocal- 

zation ends (Lynch, Oller, Stefens, & Buder, 1995; Oller, Niyogi, 

ray, Richards, Gilkerson, Yapanel, & Warren, 2010). In the cur- 

ent sample, the mean duration of LENA-identified child vocaliza- 

ions was 777 ms (SD = 439 ms). LENA provides reliable esti- 

ates of language input and language use among both typically 

eveloping children and children with language delays ( Gilkerson 

 Richards, 2009 ; Warlaumont, Richards, Gilkerson, & Oller, 2014 ). 

f special note for the current investigation, LENA algorithms accu- 

ately estimate the developmental age of children with and with- 

ut HL ( VanDam et al., 2015 ). LENA has been used to quantify

peech in both English ( Soderstrom & Wittebolle, 2013 ) and Span- 

sh ( Weisleder & Fernald, 2013 ), but does not distinguish between 

hem. 

.3.4. Reliability 

Vocalization counts were derived from LENA’s Interpretive Time 

egment files, which contain the onset and offset of each vocal- 

zation made by the child wearing the recorder. In analyses, a 

iven child’s vocalizations served as both target and peer vocaliza- 

ions. Both vocalization types were tabulated from that child’s own 

ecorder. To assess the reliability of LENA classifications, 4 trained 

oders, blind to the LENA classifications, re-coded approximately 
206 
% of adult and child vocalizations (using LENA’s Female Adult 

ear/Male Adult Near [FAN/MAN] and Target Child Near/Target 

hild Far [CHN/CHF] vocalization segments respectively). The 3260 

egments were sampled equally from each observation day for 12 

hildren spread across the 3 cohorts (7 children with HL and 5 

hildren with TH). LENA-identified child vocalizations (the measure 

sed in the current study) from both children with and without 

L were identified as such by coders with agreement in 88% of 

egments (Cohen’s Kappa = 0.77), suggesting relatively high levels 

f reliability between trained coders and LENA algorithms in the 

lassroom setting ( Bakeman & Quera, 2011 ). 

.3.5. Data integration 

Both Ubisense and LENA data were written to a hard drive with 

n accompanying time stamp. To account for potential drift in the 

ime signature of individual LENA recorders, we synchronized the 

udio recordings for each observation. To do so, we conducted 

 Fast Fourier Transform, cross-correlated the audio signal in the 

requency domain, and offset recordings to maximize the cross- 

orrelated signal ( Rhudy, 2014 ). The Ubisense signal was interpo- 

ated at 0.10 s intervals and synchronized with the previously syn- 

hronized audio recordings. The synchronized vocalization/location 

ata were used to calculate when pairs of children vocalized dur- 

ng periods of social contact. We summed the number of vocal- 

zations made by each child during periods of social contact with 

ach peer to index which children were speaking to each other 

e.g., how much child A spoke to child B and how much child B 

poke to child A). These sums were divided by the length of time 

oth children in a dyad were in the classroom at the same time to 

reate a rate of vocal interaction per hour, that is the rate of vo- 

alizations given the amount of time in which a dyad could have 

ngaged in social contact 1 . 
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.4. Analytic approach 

Analyses were conducted in R (R Core Team, 2014 ). Linear 

ixed effects models were conducted through the lmer function in 

he “lme4” package using maximum likelihood estimation to ac- 

ount for missing data, making them ideal for data collection in a 

atural setting such as a preschool, where children are occasionally 

bsent on data collection days ( Bates, Maechler, Bolker, & Walker, 

015 ). In these mixed effects models, observations (level 1) were 

ested within children (level 2) who were nested within cohorts 

level 3). All models included random intercepts of subjects and 

ohort to account for this nestedness. Categorical variables (hear- 

ng status) were contrast coded and centered ( + /- 0.5) in all anal-

ses. Continuous variables (e.g., vocalizations) were mean centered 

ithin subjects to assiduously distinguish level 1 and level 2 vari- 

nce ( Enders & Tofighi, 2007 ). We report coefficients and standard 

rrors from final predictive models and the results of chi-square 

ests of model fit, comparing models with and without each of the 

redictors of interest. 

. Results 

We first explored general characteristics of interactions in the 

lassroom, comparing children with and without HL on (A) the 

roportion of time in social contact, and (B) the rate of target child 

ocalizations during social contact to peers with and without HL 

cross unstructured free-play periods and more structured activity 

eriods. 2 Then we examined the reciprocal influence of vocaliza- 

ions to peers over time, testing the hypotheses that (1) the vocal- 

zations children heard from individual peers predicted their sub- 

equent vocalizations to those peers; (2) children’s vocalizations to 

heir peers are associated with their end-of-year language abilities; 

nd (3) children’s vocalizations to their peers mediate the associ- 

tion between vocalizations from peers and end-of-year language 

bilities. 

.1. Research question 1: do social contact and vocalizations vary 

cross peers and activities? 

.1.1. Variation in social contact across peers and activities 

Linear mixed effects models predicted children’s proportion of 

ime in social contact with peers from the number of days since 

tudy onset (time in study), activity type (free-play vs not), target 

hild hearing status, peer hearing status, and the interaction be- 

ween target and peer hearing status. Children spent an average of 

2% of their day (SD = 10%) in social contact with a peer, with an

verage of 7% (SD = 1%) of their time in social contact with each of

heir individual peers. On average, children with HL spent a simi- 

ar amount of overall time in social contact TH children, M HL = 0 .06

SD = 0.002); M TH = 0 .07 (SD = 0.02), P = 0. 172 (see Table 2 ). So-

ial contact varied depending on the peer’s hearing status as ev- 

denced by a main effect of peer hearing status, P = 0.0 0 06, and

 significant interaction between target and peer hearing status, P 

 0 . 0 0 06. This interaction was driven by children with TH spend-

ng a higher proportion of time in social contact with peers with 

H ( M = .09, SD = .008) than peers with HL ( M = 0 .06, SD = 0.02).

dditionally, children’s time in social contact varied across activ- 

ty type such that they spent a lower proportion of time in social 
ignificant positive association between this measure and the one reported in this 

aper, the rate of vocalizations to peers, X 2 (1) = 9.16, P = 0.002. 
2 Analyses reported here examined hearing categorically. Additional analyses 

reating hearing continuously as age from cochlear implantation/hearing aid fitting 

ielded the same results as those reported here. We report separate analyses ex- 

mining whether these variables differed with child-level characteristics: hearing 

evice type, sex, bilingual status, and socioeconomic status, none of which were 

ignificant predictors of social contact or vocalizations, in Supplemental Materials. 

p
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e

m
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207 
ontact with each peer during free-play ( M = 0 .05, SD = 0.01) than

ther activities ( M = 0 .08, SD = 0.004), P < 0.00001. 

.1.2. Variation in vocalizations across peers and activities 

Linear mixed effects models predicted the rate of target child 

ocalizations to each of their peers from the number of days since 

tudy onset (time in study), activity type (free-play vs not), tar- 

et child hearing status, peer hearing status, and the interaction 

etween target and peer hearing status. Children vocalized at a 

ean rate of 19.75 vocalizations per hour during social contact 

ith peers. This rate was significantly lower for children with HL 

 M HL = 16.92 per hour, SD = 1.47) than those with TH ( M TH =
4.67 per hour, SD = 6.87), see Table 2 . Additionally, the rate 

f children’s vocalizations varied with peer hearing status as evi- 

enced by a main effect of peer hearing status and significant in- 

eraction between target and peer hearing status. This interaction 

as driven by children with TH vocalizing at a higher rate to peers 

ith TH ( M = 29.5309, SD = 1.11) than to those with HL ( M =
9.81, SD = 5.83). Children’s rate of vocalizations also varied across 

ctivity type; as a group, children tended to vocalize less to each 

ther during free-play ( M = 17.59, SD = 7.64) than other activities 

 M = 24.00, SD = 3.31). 

.2. Research question 2: do peer vocalizations predict subsequent 

arget child vocalizations? 

A lead-lag analysis was implemented through a linear mixed ef- 

ects model to predict the target child’s rate of vocalizations per 

our to each of their peers at observation t + 1 from their rate of

ocalizations from the same peers at observation t, where t and 

 + 1 are consecutive classroom observations . Each child was si- 

ultaneously treated as a target child whose vocalizations were 

eing predicted, and as a peer whose vocalizations were a predic- 

or of each target child’s vocalizations. All analyzed vocalizations 

ccurred during periods of social contact. Covariates included the 

arget child’s rate of vocalizations per hour to each peer at ob- 

ervation t (an auto-regression control) , target child hearing sta- 

us, peer hearing status, the interaction between target and peer 

earing status, and the interaction between peer vocalizations and 

arget child hearing status. 

There was a significant effect of peer vocalizations on children’s 

ocalizations to those peers at observation t + 1 ( Table 3 ). The more

ocalizations children heard from a specific peer, the more they 

ubsequently vocalized to that peer. There was also a significant 

ositive effect of the target child’s own vocalizations at observa- 

ion t, an autoregression control. We found no main effects of the 

arget child’s hearing status or peer hearing status, nor any inter- 

ction between target and peer hearing status, or between target 

hild hearing status and the effect of peer vocalizations. The re- 

ults indicate that a child’s vocalizations to peers was predicted by 

hose peers’ previous vocalizations to the child—above and beyond 

ny differences in children’s vocalization associated with HL—and 

uggests a longitudinal process of dyadic language exchange. 

.3. Research question 3: are vocalizations to and from peers 

ssociated with language ability? 

Next we tested the hypothesis that vocalizations to and from 

eers were associated with children’s PLS-5 scores. We calculated 

he mean (over observations) of each target child’s rate of vocaliza- 

ions to peers and the mean rate of vocalizations heard from peers, 

oth while in social contact. In parallel linear regression models of 

xpressive and receptive language, mean vocalizations from peers, 

ean vocalizations to peers, hearing status, and the interaction be- 

ween vocalizations from peers and hearing status were entered as 

imultaneous predictors ( Table 4 ). Children’s vocalizations to peers 
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Table 2 

Results of linear mixed effects models predicting social contact with peers and vocalizations to peers. 

Fixed effects Random effects Chi-square test of model fit 

Model Outcome Model Parameter B SE t 95% CI Variance SD X 2 df P 

Proportion of 

time in social 

contact with 

individual 

peers 

Target hearing 

status 

0.01 0.004 2.30 0.001, .02 ___ ___ 1.87 1 0.172 

Peer hearing status 0.01 0.002 4.76 0.007, .02 ___ ___ 11.87 1 0.0006 

Activity type -0.03 0.002 -18.31 -0.04, 

-0.03 

___ ___ 321.31 1 < 0.00001 

Interaction 

between target 

hearing status and 

peer hearing status 

0.02 0.005 3.41 0.007, 

0.03 

___ ___ 11.63 1 0.0006 

Random subject 

intercept 

___ ___ ___ ___ 0.00008 0.009 83.41 1 < 0.00001 

Random cohort 

intercept 

___ ___ ___ ___ 0.00007 .009 6.41 1 0.011 

Target 

vocalizations 

Target hearing 

status 

7.06 2.49 2.84 2.10, 

12.01 

___ ___ 4.62 1 0.032 

Peer hearing status 5.34 .82 6.56 3.75, 6.94 ___ ___ 28.79 1 < 0.00001 

Activity type -8.70 .60 -14.40 -9.89, 

-7.52 

___ ___ 201.83 1 < 0.00001 

Interaction 

between target and 

peer hearing status 

6.10 1.63 3.74 2.91, 9.30 ___ ___ 14.00 1 0.0002 

Random subject 

intercept 

___ ___ ___ ___ 31.79 5.64 262.75 1 < 0.00001 

Random cohort 

intercept 

___ ___ ___ ___ 17.30 4.16 3.78 1 0.052 

Note . Target child’s and peer’s hearing status were coded categorically as hearing loss vs typical hearing. Positive values indicate a typical hearing advantage. Activity type 

was coded as free-play vs other activities (negative values indicate a free-play disadvantage). 

Table 3 

Linear mixed effects model predicting target child’s vocalizations to peers at observation t + 1. 

Fixed effects Random effects Chi-square test of model fit 

Parameter B SE t 95% CI Variance SD X 2 df P 

Peer vocalizations to target at observation t 0.22 0.06 3.93 0.11, 0.33 ___ ___ 14.60 1 0.0001 

Target vocalizations to peer at observation t 0.32 0.06 5.49 0.20, 0.43 ___ ___ 29.37 1 < 0.00001 

Target hearing status 3.75 3.29 1.14 -2.83, 10.27 ___ ___ 1.17 1 0.280 

Peer hearing status .82 1.10 .74 -1.34, 2.96 .35 1 .554 

Interaction between target and peer hearing status .97 2.19 .44 -3.32, 5.26 ___ ___ .20 1 .66 

Interaction between target hearing status and peer vocalizations .07 .05 1.48 -.08, .16 ___ ___ 2.21 1 .138 

Subject intercept ___ ___ ___ ___ 55.24 7.43 187.41 1 < .00001 

Cohort intercept ___ ___ ___ ___ 25.99 5.10 3.10 1 .078 

Note . The peer vocalization to target effect indexes a positive effect on vocalizations to those peers while the target vocalization effect is an auto-regression control. 

Positive values for hearing status indicate a typical hearing advantage with respect to hearing loss. 

Table 4 

Linear regressions predicting children’s end of year PLS-5 scores 

Model outcome Parameter B SE t 95% CI P 

Expressive language, 

adjusted R 2 = 0.37 

Mean target vocalizations 2.59 1.11 2.32 .27, 4.90 0.030 

Mean peer vocalizations -2.62 2.28 -1.215 -7.35, 2.12 0.263 

Target hearing status 32.30 70.06 0.65 -113.41, 178.00 0.650 

Interaction between mean peer vocalizations and target hearing status -0.28 3.71 -0.08 -8.01, 7.44 0.940 

Receptive language, 

adjusted R 2 = 0.32 

Mean target vocalizations 3.31 1.37 2.42 .46, 6.16 0.025 

Mean peer vocalizations -3.07 2.80 -1.10 -8.89, 2.76 0.286 

Target hearing status 23.55 86.18 0.27 -155.68, 202.78 0.787 

Interaction between mean peer vocalizations and target hearing status 0.23 4.57 0.05 -9.27, 9.73 0.960 
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ere positively associated with end-of-year expressive and recep- 

ive language abilities. Notably, the effect of hearing status was no 

onger significant in this model, which included children’s vocal- 

zations as a predictor. Additionally, there was no significant effect 

f vocalizations from peers, nor was there an interaction between 

he target child’s hearing status and vocalizations from peers. 

.3.1. Mediation of target child vocalizations on peer vocalizations 

The previous analyses indicated that vocalizations from peers 

ere associated with target child vocalizations to peers, which 

ere, in turn, associated with end-of-year language abilities. 

e conducted a full longitudinal mediation analysis to assess 
208 
hether target child vocalizations mediated the association be- 

ween peer vocalizations and language abilities ( MacKinnon et al., 

004 ; Rucker, Preacher, Tormala, & Petty, 2011 ). Both peer vocal- 

zations and target child vocalizations were averaged over observa- 

ions. To meet the temporal precedence requirement of mediation 

 MacKinnon et al., 2013 ), we separately calculated the mean rate 

f vocalizations for the first and second half of observations for 

ach cohort. This constituted the first 5, 6, and 6 observations, re- 

pectively, for the 3 successive cohorts. We included a child’s mean 

f peer vocalizations only from the first half of observations, and 

ates of target child vocalizations to peers only from the second 

alf of observations. The mediation analyses were conducted in R 
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Table 5 

Mediation analyses 

Model outcome Parameter B SE t 95% CI P 

Receptive language 

R 2 = .21, P = 0.047 

Direct effect of peer vocalizations 0.30 0.78 0.39 -1.23, 1.83 0.70 

Direct effect of peer on target 0.80 0.13 6.10 .55, 1.05 < 0.00001 

Direct effect of target vocalizations 2.67 1.03 2.59 .65, 4.59 0.015 

Indirect bootstrapped effect of peer vocalizations 2.07 0.82 ___ .40, 3.64 ___ 

Expressive language 

R 2 = .23, P = 0.036 

Direct effect of peer vocalizations 0.19 0.65 0.29 -1.08, 1.46 0.775 

Direct effect of peer on target 0.80 0.13 6.10 .55, 1.05 < 0.00001 

Direct effect of target vocalizations 2.34 0.86 2.73 .65, 4.03 0.011 

Indirect bootstrapped effect of peer vocalizations 1.83 0.69 ___ .55, 3.31 ___ 

Note . Analyses test for an indirect effect of peer vocalizations on children’s PLS-5 scores as mediated by target child vocalizations. The 

significance of indirect effects was determined by confidence intervals from the bootstrapping procedure 

Fig. 3. Mediation models of the role of the children’s vocalizations to peers in the relationship between vocalizations from peers to their assessed language abilities. (A) 

the dependent variable is receptive language abilities as measured by the PLS-5 and (B) the dependent variable is expressive language abilities as measured by the PLS-5. ∗

Indicates P < 0.05. Models revealed an indirect association between peer vocal input and assessed language abilities, mediated through children’s vocal output to peers. 
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sing the “psych” package ( Revelle, 2018 ) with the mediate func- 

ion ( Imai, Keele, & Tingley, 2010 ). Data were resampled with re- 

lacement with 5,0 0 0 bootstraps. The mediation analyses revealed 

ignificant indirect effects of peer vocalizations on children’s recep- 

ive and expressive language abilities through their own vocaliza- 

ions ( Table 5 and Fig. 3 ). Greater vocalizations from peers were 

ssociated with greater vocalizations to peers, which were, in turn, 

ssociated with higher language abilities. 
209 
. Discussion 

Although preschool classrooms are fertile environments for 

hildren’s peer communication, we know little about how children 

ith HL talk to their peers. Moving beyond manual coding of sam- 

led interactions, this study examined the dyadic interactions of 

ll pairs of children in a classroom simultaneously. First, we found 

ifferences in the proportion of time in social contact and the rate 
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f vocalizations children produced to peers based on hearing sta- 

us. Namely, children with TH spent more time in social contact 

ith and vocalizing to peers with TH than those with HL. How- 

ver, we found that regardless of children’s hearing status, vocal- 

zations from peers during periods of social contact predicted sub- 

equent vocalizations to those same peers, suggesting a reciprocal 

attern of dyadic vocalization in the classroom. Children’s vocaliza- 

ions to peers were, in turn, associated with end-of-year expressive 

nd receptive language abilities. Moreover, vocalizations to peers 

ediated the association between vocalizations from peers to as- 

essed receptive and expressive language abilities. Thus, speech 

rom peers, to the degree that it yields speech to those peers, in- 

uenced children’s own language abilities. The results have impli- 

ations for our understanding of the role of dyadic peer speech in 

acilitating language skills in both children with and without HL. 

. A novel measure of socially engaged peer-to-peer speech 

Previous research using LENA recorders could not indicate 

hich children were speaking to one another. To ascertain when 

ndividual pairs of children were talking, we assessed social contact 

ased both on children’s proximity and mutual orientation. Imple- 

enting these criteria indicated a 1.5 m social distance radius sim- 

lar to that documented by Messinger et al. (2019) . Within this ra- 

ius, we examined the mutual orientation of each child with every 

ther child. This orientation measure—the first bottom-up objective 

escription of children’s mutual orientation—indicated a tendency 

or children to be oriented face-to-face. Thus the study’s determi- 

ation of social contact suggests new approaches for investigating 

eer proxemics ( McCall, 2017 ). Furthermore, by allowing for effi- 

ient simultaneous multi-hour observation of all children across a 

ariety of activities, our method potentially increases the represen- 

ativeness of observed behavior relative to previous labor-intensive 

uman coding methods that are often limited to brief observations 

f specific activities (cf Bergelson, Amatuni, Dailey, Koorathota, & 

or, 2019 .). Indeed, this novel measure allowed us to see that chil- 

ren engaged in less social contact and fewer vocalizations during 

eriods of free play than during other activities. Although not the 

ore focus of our investigation, this finding has implications for our 

nderstanding of the role that unstructured vs structured activities 

lay in children’s language development. 

During periods of social contact, peer vocalizations predicted a 

arget child’s subsequent vocalizations to those individual peers. 

esults were independent of the target child’s previous vocaliza- 

ions to their peers, specifically implicating the role of partner vo- 

alizations. Moreover, the predictive power of peer vocalizations 

id not vary based on the time elapsed between observations. This 

nding, together with the mediation analyses in which peer speech 

rom the first half of observations predicted target speech in the 

econd half, suggests relatively robust interactive patterns of dyadic 

peech over weeks and months. The results specifically reveal a 

attern of reciprocal vocalization over time. Higher (or lower) lev- 

ls of child A’s speech to B were associated with higher (or lower) 

evels of subsequent speech of B to A, which were in turn as- 

ociated with higher (or lower) levels of A’s speech to B. Thus, 

lassroom speech is characterized by reciprocal patterns of dyadic 

peech that vary over developmental time. Previous research on 

eer effects on child language indicated that average classroom 

anguage ability predicts children’s language gains over the school 

ear ( Justice et al., 2011 ). By assessing children’s vocal interactions 

ith individual classmates, the current results suggest a mecha- 

ism for these peer effects. Specifically, within-dyad transmission 

f speech over the school year may lead to individual child lan- 

uage gains. 
210 
. Peer-to-peer speech and language abilities 

Higher overall levels of children’s vocalizations to their peers 

ere directly associated with higher expressive and receptive 

anguage scores, and mediated the indirect association between 

peech from peers and receptive and expressive language abilities. 

ygotsky proposed that, “by giving our students practice in talking 

ith others, we give them frames for thinking on their own” (1978, 

. 19). Bearing out Vygotsky’s insight, we found that children’s 

alk to peers while in social contact may provide an opportunity 

o concretize the use of words and grammatical constructions re- 

ated to both expressive and receptive language abilities. Speech 

rom peers appears to be a vehicle for increasing children’s sub- 

equent vocalizations to their peers, which provides them with an 

pportunity to practice and consolidate their language competen- 

ies. The finding that children’s own speech mediated the effects 

f peer speech on language abilities squares with previous obser- 

ations that children’s language production can predict language 

evelopment over and beyond language input ( Hirsh-Pasek et al., 

015 ; Ribot et al., 2018 ). 

The consequences of the dyadic peer interactions that we ob- 

erved may extend beyond children’s language use and abilities. 

onversations with friends are the primary context in which chil- 

ren hone conflict resolution skills and develop an appreciation of 

he principles of reciprocity and social exchange that guide rela- 

ionships ( Laursen et al., 1996 ). Thus, the patterns of reciprocal 

o-talking documented here may be a path to the development 

f social as well as language competencies. In fact, peer vocalizing 

uring social contact in the second cohort of children investigated 

ere was associated with teacher- and self-report of children’s re- 

iprocal friendships ( Altman, Laursen, Messinger, & Perry, 2020 ). 

Inclusion classrooms are the national educational standard of 

ntervention for children with communication disorders ( Guralnick 

 Bruder, 2016 ). The premise of inclusive practice is that children 

ith communication disorders profit from social interactions with 

ypically developing peers. Indeed, previous research indicates that 

hildren with disabilities have fewer opportunities for peer inter- 

ction with typically developing peers, but may nevertheless ben- 

fit more from peer language than typically developing children 

 Chen et al., 2020 ). Our initial findings that children with TH spend

ore time in social contact and vocalizing to other typically hear- 

ng peers is consistent with that previous work. However, we also 

ound that the reciprocal process of peer input over time is a better 

ndicator of children’s future vocalizations and language abilities 

han their own hearing status. This suggests that inclusive settings 

hat allow for peer vocal interaction can play a role in support- 

ng positive language outcomes for children with HL. Future work 

ould explore how the ratio of children with HL to TH influences 

heir patterns of peer interaction and how teachers can facilitate 

H-HL interactions during classroom activities. 

We found significant differences in the end-of-year language as- 

essment scores of children with and without HL—consistent with 

rior work showing language delays for children with HL. We note 

hat in our sample, several of the children with TH had scores 

ell above the typical range (i.e. above 115). However, these dif- 

erences were not significant when accounting for the effects of 

ocalizations in the previous observation—both children’s exposure 

o their peer’s vocalizations and the children’s own vocalizations to 

hose peers. This pattern of results suggests that vocally mediated 

eciprocal interactions account for more unique variance in as- 

essed language abilities than HL. This finding suggests that inter- 

entions targeting increasing vocal exchanges between peers might 

e appropriate for children with HL (e.g., Girolametto, Weitzman, & 

reenberg, 2004 ). 
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0. Limitations 

The present study is not without limitations as small samples 

ay yield high correlations ( Oakes, 2017 ). However, dense longitu- 

inal data, like that presented here, including 624 hours of record- 

ng, may be necessary to decipher ongoing dyadic social communi- 

ation processes that are repeated over time even with a relatively 

mall number of participants ( Perry et al., 2018 ; Roy, Frank, De- 

amp, Miller, & Roy, 2015 ). Additionally, we had 100% participation 

n each cohort—a rarity in classroom-based research—allowing us 

 more complete picture of children’s peer interactions. Neverthe- 

ess, the modest size of the current sample suggests the need for 

eplication and ongoing exploration of group differences. Relatedly, 

lthough we found no differences in our measures related to chil- 

ren’s bilingual status (see Supplemental Materials), our ability to 

ddress intersectional influences of hearing loss and bilingualism 

n social interaction and vocalization is limited by our sample size 

nd will be an important direction for future research. 

The findings underscore a potential role for dyadic conversa- 

ion in supporting assessed language abilities. However, as only 

 single end-of-year language assessment was available for anal- 

sis, we cannot determine the directionality of the association be- 

ween reciprocal peer vocalizations and language abilities. for ex- 

mple, children with higher language abilities may have been ex- 

osed to or engaged in richer classroom language use—or that use 

ay have scaffolded the children’s language abilities. A next step 

or researchers is to bookend repeated classroom observations with 

eginning-of-year as well as end-of-year assessments to determine 

hether dyadic communication lead to changes in language abili- 

ies over developmental time. 

Notably, the determination of social contact here focused on the 

ocation and orientation of dyads. While a child might have in- 

eracted with 2 peers simultaneously, analyses focused on the vo- 

alizations received from each peer and made to that peer. If tri- 

dic interactions resulted in a misspecification of dyadic interac- 

ion, this would bias against the research hypothesis of dyadic vo- 

al prediction over observations, suggesting the strength of the cur- 

ent approach. Similarly, if for example, during circle time a child 

ddressed the whole group from farther than 1.5 meters, these vo- 

alizations would not have been captured by our analyses. If they 

ere closer than 1.5 meters and face-to-face with some members 

f the group, their vocalizations to those members would be in- 

luded. As can be seen in Fig. 2 A-B, children were within 1.5 me-

ers of each other more often than expected by chance, and when 

hey were within 1.5 meters, they were most often face-to-face. 

inally, a potential limitation of the current approach is that auto- 

ated measurement technologies are not without error. A recent 

eport indicated that LENA algorithms can confuse mother’s speech 

or children’s vocalizations perhaps because of the presence of in- 

ant directed speech in the home ( Cristia et al., 2019 ). However, 

ur own reliability analyses indicated high levels of agreement be- 

ween human expert and objective coding in the preschool context. 

1. Conclusions 

We harnessed big behavioral data from automated measure- 

ents of peer interaction to identify patterns of dyadic speech 

uring social contact over 3 years of observations in an inclusion 

lassroom for children with hearing loss. Children in social contact 

ynamically affected each other’s levels of dyadic speech in a re- 

iprocal fashion over observations. Language from peers positively 

ffected language to peers which was, in turn, associated with re- 

eptive and expressive language abilities. These effects did not vary 

etween children with and without hearing loss. The results sug- 

est that dyadic peer vocal interaction in classrooms is a potential 

echanism for supporting language development. 
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