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Abstract 

The purpose of this study was to examine the home and child care language environments of 

young children (17 to 43 months of age) who are living in poverty. Participants included 38 

children along with their primary caregivers and child care providers from 14 different 

classrooms across 5 child care centers. Each participant completed a standardized language 

assessment and two day-long recordings using Language ENvironment Analysis (LENA) to 

determine the number of adult words, conversational turns, and child vocalizations that occurred 

in the home and during child care. Data were analyzed with descriptive and inferential statistics. 

Results showed significant differences in child language environment between settings with the 

home setting providing higher levels of language input and use. Results are discussed in terms of 

early childhood policy and practice for children who are at-risk of having language delays due to 

environmental factors.  
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 – Introduction 

Children learn, at least in part, through interactions with people they encounter in 

their environment. Parents offer a particularly important source for this learning, and 

begin affecting child development from the first moments of life. Very early interactions 

(e.g., soothing a crying child) between infants and their caregivers provide a social-

emotional base for future interactions (Ainsworth, Blehar, Waters, & Wall, 1978). Other 

adults, such as child care providers, also impact child learning and development and help 

fill the role of caregiver when a child’s parent is unavailable. When parents and other 

caregivers provide opportunities for their child to explore new things and places, and 

respond to their child’s interests and needs, they help shape development.  

Responsive caregiving is particularly important for language learning and sets the 

foundation for language growth and development (Hoff, 2006; Rowe, 2012). Social 

communicative exchanges, like games of peek-a-boo, occurring even before a child’s 

first word, are reliable predictors of language development milestones – such as first 

word acquisition (Tamis-LeMonda, Bornstein, & Baumwell, 2001). Caregiver 

responsiveness continues to play a significant role as children add words to their lexicon. 

When mothers follow their child’s lead, and comment on their child’s actions and focus 

of attention, the child learns words more quickly (Tomasello & Todd, 1983).  
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Interactions with non-parental caregivers, such as child care providers, also affect 

child language growth. In a review of two studies examining child care provider language 

use and its effects on child language outcomes, researchers demonstrated a relation 

between the quantity of talk used by teachers (n = 30) and child linguistic complexity in 

4-year-olds during the preschool year. In these studies, more teacher talk was associated 

with higher levels of language use from children (Cross, 1989). Several additional large-

scale studies have been completed since this time with similar results. For example, the 

National Institute of Child Health and Human Development (NICHD) Early Child Care 

Research Network (ECCRN) found that language stimulation (asking questions of the child, 

responding to the child’s vocalizations, and child care provider talk to the child) in child care 

settings was related to child language outcomes (NICHD ECCRN, 2000). In a 

randomized control trial examining the effect of teacher interventions to promote child 

engagement, researchers noted significant effects of teacher responsivity on child 

vocabulary development (Cabell et al., 2011). 

Child learning is situated within the context of culture and community 

(Bronfenbrenner & Morris, 2006). In addition to the abovementioned effects of child-

caregiver interactions on language development, more distal environmental influences, 

like Socioeconomic Status (SES), can also impact language development by affecting 

social experience (Hoff, 2003). Families living in poverty may have less leisure time for 

high-quality parent-child interactions which could affect the amount of language input 
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children receive, and thus impact language learning. These early variations in the 

individual social-linguistic interactions between children and caregivers are tied to 

differences in achievement over time – where young children who lag behind peers in 

their language development are at increased risk of later delays that can affect literacy 

and academic performance (Walker, Greenwood, Hart, & Carta, 1994).  

In one of the most well-known studies to examine the relation between of SES 

and language outcomes, Hart and Risley (1995) found significant differences in language 

exposure and associated vocabulary outcomes between children from varying income 

levels. Children from lower-SES families heard, and produced, less language than their 

more economically-advantaged peers. More recent studies have identified the gap in 

language exposure and use between children from high- and low-income families with 

children as young as 9 months (Halle et al., 2009) and 18 months (Fernald, Marchman, & 

Weisleder, 2013) of age. Others have specified that mother-child interactions (Hoff, 

2003) and parent education (Rowe, 2008) mediate the effects of SES on child language 

outcomes – such that mothers who used longer, more complex sentences, and mothers 

with more knowledge of child language development, had children with better language 

skills.  

One possible solution to reduce the risk of young children developing language 

delays is to provide high-quality child care experiences for children from impoverished 

backgrounds who may not receive strong language input in the home environment (Hart 
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& Risley, 1995). Although some research examining the quality, quantity and type of 

child care setting (e.g., home- or center-based) that children attend suggests that parents 

play a more influential role in child development when compared to other caregivers 

(Belsky et al., 2007), high-quality child care settings have also been shown to have 

significant positive effects on child language development (Burchinal et al., 2000; 

McCartney, 1984). These effects may be even more pronounced for children who are 

living in poverty (Crosnoe et al., 2010). In a large-scale correlational research study, 

researchers suggested a buffering effect of child care where high-quality experiences in 

child care served to protect children from poor language outcomes when they came from 

homes where high-quality language interactions occurred infrequently (Vernon-Feagans 

& Bratsch-Hines, 2013).  

The purpose of this study is to better understand how language exposure and use 

may differ across the home and child care settings. Information gathered in the study may 

then be used to eventually provide suggestions for parents and other caregivers that can 

help prevent young children from developing language delays due to environmental 

factors. This study compares language exposure and use in the home and child care 

settings to help determine if there is a unique amount of variance from either setting, or a 

cumulative effect from both settings, that contributes to child language skills. In contrast 

to most previous studies comparing the home and child care setting, which used brief 

observations (e.g., ten minutes) of child-caregiver interaction, this study uses a unique 
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measurement tool, called LENA (Language Environment Analysis), which allows for 

individualized, extended (up to 16 hours), and non-intrusive observation of child-

caregiver language use in natural settings across the home and child care environments.  

The Language ENvironment Analysis (LENA) System includes audio recordings 

obtained with a digital language processor and later analyzed with specialized software. 

In this study, a child’s language environment will be quantified with LENA outcome 

measures, including: an estimate of the total number of words the target child hears from 

adults in his or her environment, the number of vocalizations the target child uses, and 

the number of conversational turns the target child takes. Although LENA outcomes are 

limited to quantitative measures (e.g., number of adult words, child vocalizations, and 

child turns), this tool allows for assessment of the language environment in a child’s 

natural settings (Greenwood, Thiemann-Bourque, Walker, Buzhardt, & Gilkerson, 2010). 

Recent studies have demonstrated the feasibility of using LENA in natural settings with 

children who have disabilities (e.g., (e.g., Warren et al., 2010); however, no studies to 

date have used LENA to directly compare the home and child care environments for 

children who are at risk.  

To examine the language environment for young children who are living in 

poverty, and thus are at increased risk of developing language delays, this study 

addressed the following research questions: (1) how does language exposure and use 

based on LENA measures for a predominantly low-income sample of children compare 
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to the national norming sample; (2) how do language exposure and use based on LENA 

measures compare across the home and child care settings; and (3) what is the relation 

between a child’s language skills (as measured by standardized assessment) and his or 

her language environment (measured with LENA) in the home and child care settings? 

Child language development can be affected by changes in caregiver behavior 

(Roberts & Kaiser, 2011). Thus, a deep understanding of the social predictors and 

associated child language outcomes from this study should facilitate intervention research 

in and across the home and child care setting that will eventually affect change in 

language outcomes for individual children.  
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 – Literature Review 

Children who lag behind peers in their early language development are at-risk of 

developing delays that can affect later literacy and academic performance. Oral language skills 

(vocabulary and grammar skills in particular) help predict early literacy ability, and are, therefore, 

associated with later literacy ability and eventually academic success (National Early Literacy 

Panel, 2008). In a recent study following more than 8,000 children, researchers identified 

significant positive associations between child vocabulary size at 2 years of age and later 

academic and behavioral skills at kindergarten (Morgan, Farkas, Hillemeier, Hammer, & 

Maczuga, 2015). Longitudinal research suggests that children with language deficits in early 

childhood (between 7 and 36 months of age) demonstrate lower performance on standardized 

spelling and reading assessments in early elementary (Walker et al., 1994). Early deficits continue 

to affect achievement even later in the academic period at 13 and 17 years of age. Rescorla noted 

that children identified as late-talkers (between 24 and 31 months of age) had deficits in language 

affecting verbal memory, reading, and writing ability in high school (Rescorla, 2005, 2009). Early 

intervention before school entry can help prevent later disabilities (Guralnick, 2005). To design 

and provide effective intervention, it is important to understand the factors that influence 

language acquisition and growth. In this chapter I report on the known influences that support or 

impede child language development – beginning with a discussion of the developmental process. 

How Do Babies Learn to Talk? 

Historically, language acquisition theories have been somewhat dichotomous in 

considering the inherent biological mechanisms and innate ability of a child to develop language, 
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or the environment and social-contextual factors that foster language development (Rogers, 

Nulty, Betancourt, & DeThorne, 2015). Huttenlocher and colleagues (1991) suggest that prior to 

their study, it was “widely believed that the source of individual differences in vocabulary [was] 

in the variation in capacity to learn from input and that heredity, in large part, determine[d] 

capacity” (Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991, p. 237). In a brief review of 

studies that examined the genetic basis of language development, Hoff (2006) suggests 

heritability accounts for as much as 82% of the variance in child language outcomes. A growing 

body of evidence, however, suggests that language acquisition is also rooted in social interactions 

between caregivers and their children and not only dependent on innate ability (Hoff, 2006; 

Rowe, 2012).  

In this chapter, I review the influences that support or impede child language 

development – both proximal (i.e., caregiver-child interactions) and distal (i.e., SES). There are 

two main reasons for the purpose of this focus. First, the majority of recent research is 

concentrated in this area. Rogers and colleagues (2015) noted that over the last decade, 83% of 

research articles examining the causal influences on language development have focused on 

environmental causes – including some with a specific focus on causal effects within the 

caregiver-child relationship. A second reason for the focus on socio-ecological aspects of 

language development is practice and policy driven. Families and other primary caregivers, 

situated within a larger context of culture and community, provide a constant source of input for 

learning in early childhood (Odom & Wolery, 2003). It is with the assistance and support of these 

caregivers that child language development can be affected (Roberts & Kaiser, 2011). Thus, a 
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deep understanding of social predictors and associated child language outcomes should facilitate 

intervention research that can eventually affect change in individual children. 

The influences for language development are wide-ranging and include genetic and 

environmental influences. I acknowledge that the capability for language resides within a child’s 

genetic structure, but also recognize that there are immediate environmental qualities (e.g., 

caregiver-child relationship) required to support growth of innate language ability (Hoff, 2006). 

In the following discussion, I present a transactional model of communication development 

where caregiver, child, and environment all play a role in language development (Sameroff, 

2010). As the first focus of this review, I describe parent and other caregiver (i.e., child care 

providers) influences on language development. I also consider the child-level effects that impact 

caregiver-child language interactions. In the second portion of the review, I examine contextual 

factors, specifically SES, that can affect language learning, and present research on the role child 

care may have in supporting language development for children who are living in poverty.  

Caregiver-child Effects on Language Development 

Parent influence on language development. The precursors to language 

development occur in the first days of life. As caregivers respond to their very young children’s 

vocalizations, gazing, and gesturing, very young children begin associating prelinguistic behavior 

with social interaction. This social connection is important for later word learning that occurs as 

children map caregiver-provided linguistic sounds to objects and actions in the child’s 

environment (Tamis-LeMonda, Kuchirko, & Song, 2014). In addition to providing support for 

language in social interactions, caregivers can affect language development with the amount and 
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type of language they direct to their children – exposing the child to a variety of words and 

grammatical structures as a model for later language use. In this section, I review descriptive 

findings that highlight the effects of caregiver language input and responsiveness on child 

language acquisition and growth. 

Caregiver responsiveness facilitates language learning. Early caregiver-child 

interactions, occurring even before a child’s first word, are reliable predictors of language 

development milestones (Tamis-LeMonda et al., 2001). In a prospective longitudinal study with 

40 parent-child dyads, Tamis-LeMonda et al. (2001) examined the effects of maternal 

responsiveness towards children’s pre-linguistic behavior (e.g., vocalizing) on child language 

development outcomes. In this study, responsiveness was measured by the number of 

affirmations, imitations, descriptions, questions, and prompting caregivers used with their 

children. General results of the study suggest that caregivers who are responsive to preverbal 

communication facilitate child language development. Children with more responsive mothers 

developed first words, achieved 50 words in their expressive vocabulary (a common marker of 

adequate language development by age 2; Rescorla, 1989), used combinatorial speech, and used 

language to talk about the past earlier than children who had less responsive mothers. These 

results suggest that early social interactions between caregivers and their children are important 

for early language development.  

Caregiver responsiveness continues to play a significant role once children start acquiring 

words. Caregivers adjust the style of interaction they use with young children by following their 

child’s lead and using fewer directives. In one of the first studies to examine the effects of parent-
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child interactions on vocabulary development, Tomasello and Todd (1983) found statistically 

significant correlations between joint attention episodes (where child and caregiver are focused 

on the same action, activity or object) and child vocabulary. Although their sample only included 

six mother-child dyads, researchers found a statistically significant relationship (p < .05) between 

number of joint interactions and child vocabulary size. More frequent interactions were 

associated with greater expressive vocabulary gains for children between 12 and 18 months of 

age (Tomasello & Todd, 1983).  

Caregivers facilitate word learning when they respond to their child’s interests with a 

direct comment about the child’s action and focus of attention (e.g., “you have the ball”), instead 

of using language to direct the child (e.g., “get the ball and bring it here”). Following the child’s 

lead facilitates word learning because the child does not have to shift focus away from the 

referent of interest (Tomasello & Farrar, 1986). When mothers attend to their child’s focus, 

children learn more words, and have a higher percentage of acquired nouns compared to children 

with directive mothers (Tomasello & Farrar, 1986). The relationship between following a child’s 

lead and vocabulary acquisition has also been demonstrated experimentally with 10 children (M = 

17.4 months). In this study, Tomasello and Farrar (1986) demonstrated a statistically significant 

difference in number of words learned when researchers taught children objects only after the 

child was focused on the referent.  

Caregiver linguistic input facilitates language learning. In contrast to results from 

the abovementioned studies, Hoff and Naigles (2002) did not find statistically significant 

differences in child vocabulary achievement based on adult language interaction style. Instead, 

researchers attributed differences in child vocabulary growth to specific characteristics of child-
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directed speech. In a sample of 63 mother-child dyads with children who were beginning to use 

combinatorial language (between 18 and 29 months of age), Hoff and Naigles (2002) determined 

that adult word type (number of different words), token (total number of words), and mean length 

of utterance (MLU) were statistically significant predictors of child word types and child MLU 

(Hoff & Naigles, 2002). Weizman and Snow (2001) had similar findings in a study examining 

effects of caregiver language input. They suggested that caregivers who use sophisticated (low-

frequency) words have children with significantly better receptive vocabulary. Finally 

Huttenlocher and colleagues (1991) suggested that language input is important for child language 

growth. They determined that sheer quantity of words used by caregivers (rather than word 

diversity or sentence complexity) predicted 21% of the variance in the rate of child expressive 

vocabulary growth between 14 and 26 months of age. In all three of the abovementioned studies, 

results suggest that structural characteristics of caregiver language input, rather than social 

interaction, affects child language outcomes. 
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Effects of the caregiver change over time. There are at least two possibilities for the 

discrepancy in types of statistically significant predictors that affect child language development. 

First, the methods of measurement used in earlier studies (e.g., Tomasello & Todd; 1983), where 

researchers determined that caregiver interactions were important for language development, may 

not be comparable to methods employed in later studies (e.g., Hoff & Naigles, 2002). A second 

hypothesis considers the impact that child age and language development may have on caregiver 

language use.  

Hoff and Naigles (2002) suggested that earlier correlational studies do not use valid 

measures of child language ability, and thus, estimates of caregiver effects presented in these 

studies are unreliable. For example, Tomasello and Farrar (1986) used parent interview to 

estimate child vocabulary size. In addition to parent interviews, Tomasello and Todd (1983) 

asked caregivers to keep a diary reporting novel child utterances. Although authors reported inter-

rater reliability on these measures, no validity estimates were provided. Authors of early 

correlational studies do not provide detailed information about the accuracy of the particular 

measures they used; however, parent-report measures in general are considered reliable estimates 

of child ability. Research by (Dale, 1991) suggests parent report is reliable, and perhaps even 

more reliable than standardized assessment conducted by an unfamiliar examiner in an unfamiliar 

context. Furthermore, caregivers may be considered especially well-suited to characterize their 

child’s language because of frequent extended observations and interactions they have with their 

child across a variety of contexts. Caregivers are also well-equipped at understanding their child’s 

developing articulation for speech (Pan, Rowe, Spier, & Tamis-Lemonda, 2004). These studies 

provide evidence against Hoff and Naigles (2002) suggestion that parent-report is not a valid 
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form of measurement, and instead suggest that other factors are responsible for differences in 

child language outcomes. 

A second possibility that may explain variability in the predictors that affect child 

language focuses on differences in participant characteristics across studies – in particular, 

differences in child age and language ability. Studies with older, and more linguistically-

advanced children, reported statistically significant effects of caregiver language input. Hoff and 

Naigles (2002) used children up to 29 months of age – all of whom had sufficient language skills 

to be using word combinations. Children in Weizman and Snow’s (2001) study had an average 

age of 5 years 3 months when data were collected. In contrast, studies with younger participants 

(and presumably with children who had less sophisticated language abilities) reported effects for 

qualitative features of social interaction (Tamis-LeMonda et al., 2001; Tomasello & Farrar, 1986; 

Tomasello & Todd, 1983). Hoff and Naigles (2002) suggest that younger children, “…are not 

sufficiently linguistically advanced to use lexical and syntactic cues [to assign] meaning,” from 

caregiver speech (Hoff & Naigles, 2002, p. 427). This analysis suggests that children in the early 

stages of language development may depend on social support from caregivers to comprehend 

linguistic information, whereas older children reap the benefits of high amounts of linguistic 

input.  

Further analyses conducted in two studies helps support the second hypothesis that 

caregiver input varies according to child language ability and age. Tamis-LeMonda et al. (2001) 

noted differences in the accuracy of predicting developmental milestones based on the child’s age 

and the type of mother responsivity. Early language milestones (first imitations and first words) 

were predicted at nine months of age when mothers used descriptions, affirmations, and prompts 
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to promote language development during child play. In contrast, predictions at 13 months 

(including acquisition of 50 words, using combinatorial speech, and using language to talk about 

the past) were dependent on more complex caregiver responses, including: imitating, expanding, 

and questioning their child after vocalizations and during child play.  

In addition to the variations in type of linguistic input, the rate at which caregivers use 

particular language features varies as a function of time and child language ability. Bornstein, 

Tamis-LeMonda, Hahn, and Haynes (2008) found that caregiver responsive questioning rates of 

use increased with child language growth, whereas use of labels and descriptions decreased over 

time. These results suggest that more complex language structures are more likely to be used later 

in development. Huttenlocher et al. (1991) also examined quantity of caregiver language input 

and found differences in the strength of relationship between caregiver language input and child 

language outcomes. They used regression analyses with early growth (16-20 months) and late 

growth (20-24 months) vocabulary change scores to examine effects of caregiver language input 

by age. Results of analyses showed statistically significant effects (p < .05) for the amount of 

caregiver language exposure after 20 months of age (Huttenlocher et al., 1991), but not before 

when children were more likely to benefit from caregiver engagement and language specifically 

associated on their focus of attention.  

To summarize, there are differing effects of caregiver actions and language use over time 

that seem to scaffold child language development. Caregivers who are responsive to their child’s 

explorations and prelinguistic behavior help form a foundation for language learning by engaging 

in joint attention and following their child’s lead (Tomasello & Farrar, 1986; Tomasello & Todd, 

1983). During this early developmental period, caregivers facilitate language learning by using 
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simple language that allows children to match linguistic information to their immediate 

experience. As children build a foundation for language, caregiver input increases in 

sophistication. First, caregivers provide specific feedback on early communicative behavior by 

imitating and expanding child utterances (Tamis-LeMonda et al., 2001). As children advance in 

their ability to map linguistic information to their experience, they benefit most from caregiver 

language that is high in word count (Huttenlocher et al., 1991) and lexical complexity (Hoff & 

Naigles, 2002). As receptive and expressive vocabulary grow, children can themselves produce 

utterances increasing in length and complexity. This spiraling effect – where child language 

growth sparks changes in caregiver language – occurs throughout the developmental period and 

supports a transactional model of development where both child and caregiver play an important 

role.   

Child care provider influences on language development. Many young children 

receive care from adults outside of their immediate family and outside of the home environment. 

According to the National Center for Education Statistics, 16.9% of one-year-olds, 28.75% of 

two-year-olds, and 42.5% of three-year-olds attended center-based child care in 2005 (Snyder & 

Dillow, 2015). Given that caregivers often extend beyond a child’s parents, I examined research 

discussing the effects of non-parental caregivers in center-based settings on child language 

development.  

Several studies have examined the effect of child care provider language characteristics 

on child language outcomes. Within these studies, the amount and quality of child care provider 

language input is often used as a measure of overall quality or is reported to be associated with 
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child care quality overall. For example, in an early study (McCartney, 1984) investigating the 

effects of quality of the child care environment on children’s language development, researchers 

used an observational coding system to measure the number and type of verbal interactions 

directed at children from peers and adults in the child care environment. Researchers in this study 

found adult speech directed to the child was more influential than peer speech, and that centers 

with more instances of child care provider linguistic input were also rated as higher-quality 

(McCartney, 1984). In another study, Huttenlocher and colleagues showed that complexity of 

teacher language in the child care setting accounted for more variance in child language skills 

than a measure of overall child care quality (17.8% and 4% respectively) – diminishing the 

statistical significance (p > .10) of the child care quality measure (Huttenlocher, Vasilyeva, 

Cymerman, & Levine, 2002). 

The National Institute of Child Health and Human Development (NICHD) Early Child 

Care Research Network also found statistically significant effects of child care provider language 

input on child language outcomes in a large longitudinal evaluation. Researchers in this study 

followed more than 5,000 children across the infant and toddler years. They found moderate 

effects of child care provider language stimulation (asking questions of the child, responding to 

the child’s vocalizations, and child care provider talk to the child) on child language outcomes at 

each measurement interval (15, 24, and 36 months). Like Huttenlocher and colleagues (2002), 

they concluded that, “…language stimulation accounted for the relations of the more global 

indicator of child care quality (positive caregiving) to cognitive and language scores…” (NICHD 

Early Child Care Research Network, 2000, p. 971).  
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It is clear that child care provider language plays a role in overall child care quality, but 

less is known about the relative impact of child care provider language input when compared to 

parental language input. Pancsofar and Vernon-Feagans (2006) studied the effects of child care 

quality and mother and father language input. When controlling for parent education level, the 

quality of child care continued to account for a significant portion of the variance in child 

language outcomes; however, parent language input (particularly fathers’) accounted for 

additional variance above and beyond the impact of child care quality. It may be important to 

note, however, in this study that direct observations of child and caregivers were focused on 

quality of interaction rather than a direct measure of linguistic input. 

Vernon-Feagans and Bratsch-Hines (2013) used a large sample (n = 433) of three-year-

olds to specifically explore the impact of verbal interactions in both home and child care settings. 

By controlling for home and child care environmental quality (using standardized observational 

checklists), researchers noted interaction effects with caregiver language input in the two settings. 

As the amount of maternal language diversity (as measured during a book reading task) 

decreased, the potential impact of non-parental caregiver-child interactions (as measured through 

two 10-minute observations) on child expressive language ability increased (Vernon-Feagans & 

Bratsch-Hines, 2013).  

Hart and Risley (1995) suggested the potential for using high-quality child care settings 

as a way to mediate the relationship between SES and child language outcomes. Today, 

policymakers continue to advocate for the provision of high-quality early care outside of the 

home for children with poor home environments (See Reynolds & Rolnick, 2010 for a 
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comprehensive review). Although Vernon-Feagans and Bratsch-Hines (2013) provide evidence 

that high-quality interactions with non-parental caregivers can make up for lower quality 

language input in the home environment, more research is needed comparing naturalistic 

interactions between caregivers and children across the home and child care setting over an 

extended period of time. 

Individual child characteristics affect caregiver input. The abovementioned 

studies suggest that caregivers – situated in the family as well as those in child care settings – 

play an important role in supporting child language development. Tamis-Lemonda et al. (2001) 

concluded that child prelinguistic communicative behavior (before one year of age) does not 

make a significant contribution to the predicted “…timing of language outcomes over and above 

the contribution of maternal responsiveness” (Tamis-LeMonda et al., 2001, p. 756). On the 

contrary, research by Huttenlocher and colleagues (2010) suggests that child speech influences 

caregiver language (Huttenlocher, Waterfall, Vasilyeva, Vevea, & Hedges, 2010), and (Rowe, 

2008) found that child vocabulary explains a unique portion of the variance (11%) in caregiver 

child-directed language. In this section, I discuss how variations in early child communicative 

behavior may affect caregiver interactions and caregiver use of the structural components of 

language. 

Differences specific to the child. Although researchers have not determined whether 

there is a causal flow between caregiver and child influences on language development, they have 

determined differences in child language use that may affect caregiver-child interactions. Alston 

and St. James-Roberts (2005) measured child vocalization and maternal interactive behavior in a 
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comparison study of 80 children at-risk for language impairment and 72 not-at-risk infants. They 

found that infants (age 10 months) in the at-risk group displayed significant less (p <.01) babbling 

(19% of the total observed time) compared to the not-at-risk group of infants (28% of the total 

observed time). Differences in child babbling were noted outside of parent-child interactions – 

suggesting unique contributions of the child to the caregiver-child interaction. As children at-risk 

for language delay get older, they maintain a smaller vocabulary than their typically developing 

peers (Fenson et al., 1994) and have fewer utterances (Vigil, Hodges, & Klee, 2005). In a 

comparison of toddlers with and without language delay, Vigil and colleagues (2005) noted a 

difference of half as many utterances for children in the language delayed group.  

Differences in caregiver engagement. As Hoff and Naigles (2002) point out, 

caregivers cannot imitate a child who is not producing sounds, and thus reductions in child 

expressive language use may limit the opportunities caregivers have to respond to their child. To 

compound the effects of reduced child language use, mothers of children with language delay are 

proportionately less responsive to the language attempts made by their children (Vigil et al., 

2005). They also use proportionately fewer responses than initiations with their children – that is 

to say that mothers of children with language delay are more likely to introduce a new topic than 

they are to respond to the child’s language attempts (Vigil et al., 2005).  

In a study identifying differences in caregiver-child interactions between families with 

typically developing children and families with children who have specific language impairment, 

Hammer and colleagues found a positive relationship between disability status and the amount of 

discipline parents use (Hammer, Tomblin, Zhang, & Weiss, 2001). As described above, 

Tomasello and Farrar (1986) found negative associations with child word learning when 
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caregivers divert a child’s attention away from their primary interest and use directive speech (as 

is the case with many disciplinary phrases – e.g., “Stop” and “Come here”). Hammer et al.’s 

(2001) finding suggests that caregivers of children with language delays are more likely to use 

short, direct speech, thus limiting the potential to expose children to high levels of syntactically 

and semantically diverse language. 

Vigil and colleagues (2005) provide a reason why caregivers of children with lower 

language skills may use more initiations (instead of responses), and suggested that initiations are 

used in an attempt to engage more with the child who is not using language as frequently as the 

caregiver might expect. Hammer and colleagues (2001) came to a similar conclusion by assuming 

that caregivers of children with language delay must have to work harder to engage their child in 

conversation to compensate for the child’s language ability (Hammer et al., 2001). The 

hypothesis that caregivers engage more when their child has a language delay is not supported by 

the findings of Alston and St. James-Roberts (2005). In contrast, they found that mothers of 

children with language delays spend about half as much time interacting with their children in 

language-related tasks compared to mothers of typically developing children.  

Mothers who have children with fewer language skills also use fewer language support 

strategies with their children. Vigil et al. (2005) noted that mothers of children with language 

delays use fewer expansions (responding to a child’s incomplete language attempt by providing 

additional grammatical or semantic information), and that even when expansions are used, the 

mothers of children with language delays use less complex language than mothers with typically 

developing children (Conti-Ramsden, 1990). Girolametto, Weitzman, Wiigs, and Pearce (1999) 

found significant positive correlations between mother’s use of expansions and child language 
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skills (number of words, word combinations and receptive language ability) in 12 children with 

language delays between 25 and 35 months of age. This research suggests the importance of 

caregiver use of language support strategies when children are performing below age-expected 

standards.  

Differences in caregiver input. Despite significant differences in engagement between 

caregivers and children with and without language delays, there seem to be similarities between 

groups in regards to the use of structural language features. Vigil et al. (2005) found similarities 

in the type and quantity of input provided by parents of children with normal language and 

parents of children with language delay. Both groups had the same average MLU (M = 3.54) and 

there were no statistically significant differences in the total number of utterances produced or 

with the number of words caregivers used during interactions with their children. Girolametto and 

colleagues (1999) had similar findings suggesting that the structural components of caregiver 

language input were not related to child language variables. They did not find any statistically 

significant relationships between child language outcomes and the number of labels caregivers 

used during interactions. Despite these findings, it should be noted that Vigil et al. (2005) and 

Girolametto et al. (1999) studied children around the same age (24 to 29 months of age) and 

developmental status. As discussed above, it may be possible that differences in caregiver 

quantity and diversity of lexical input would be related to child language outcomes in children 

with more advanced language skills. 

Determining statistically significant features of caregiver-child language interactions is 

complicated by variability in child language use and understanding due to language delays. Still, 

the abovementioned studies provide further support for the hypothesis that language development 
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is highly influenced by social interaction. Alston and St. James-Roberts (2005) suggest the likely 

contribution of both child and caregiver characteristics to low levels of social interaction 

observed in their study. Although causal claims cannot be established, descriptive research with 

children who have language delays suggests that child language ability affects caregiver 

responsiveness – potentially disrupting social interactions that alter the typical trajectory of 

language development.  

Environmental Influences on Language Development 

In addition to the immediate effects by children and their caregivers on language 

development, more distal environmental factors also affect the quantity and quality of language 

used by adults in the home and child care settings. Bronfenbrenner's (1986) ecological systems 

theory explains the importance of considering the effect of external systems on child 

development, such as: caregiver’s work environment, social networks, and cultural influences. 

Several studies examine the effects of cultural values and beliefs on language development. In 

some cultures, for example, adults do not directly address children; whereas in others, children 

are involved in ‘conversation’ with adults before emergence of their first word (Hoff, 2006). 

Although cultural factors that affect language outcomes have varying inputs, there are relatively 

similar outputs. Children from all over the world learn to communicate even though there are 

differences in the way caregivers support language learning (Hirsh-Pasek et al., 2015).  

When children are exposed to other types of environmental factors, however, the varying 

inputs can affect language outcomes. Socioeconomic status, as a function of parent education and 

income, is a particularly relevant environmental factor that has been shown to affect child 

language development. Decades of research have demonstrated that children who vary by 
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socioeconomic status (SES) have, on average, significantly different language outcomes than 

their more economically advantaged peers. These differences can be identified early in the 

developmental period (Fernald et al., 2013), and accumulate over time (Hart & Risley, 1995). In 

this section, I examine the impact of SES on the number of opportunities children have to 

participate in communicative interactions, and the quality of language input that is available 

during these interactions.  

Differences in the amount of child-caregiver interactions. Children who are 

living in poverty may be presented with fewer opportunities to engage in high-quality language 

interactions with adults in the home environment given the multiplicity of challenges that families 

in poverty generally face. Children from families who are living in poverty are more likely to 

have single parent households. On average, children living in poverty spend less time reading and 

engaging with books. They are also more likely to spend time watching TV when compared to 

their middle-class peers (Evans, 2004) – an activity that is associated with reductions in adult and 

child language use (Christakis et al., 2009). 

In one of the most well-known studies to examine the effects of SES and language 

outcomes, Hart and Risley (1995) found significant differences in language exposure and 

associated vocabulary outcomes between children from varying income levels - beginning around 

a child’s first birthday and increasing to age 3. Like most of the studies discussed to this point, 

Hart and Risley (1995) used relatively short and infrequent observations to gather data on 

caregiver-child interactions (one hour a month). To emphasize the effect of SES over time, 

however, Hart and Risley (1995) extrapolated findings to provide an estimate for the total number 

of words children would be exposed to within typical interactions across a child’s day. They 
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suggested that children from professional families would hear 10,000 more words per day than 

their less advantaged peers, and that by a child’s fourth birthday, children from more affluent 

families would be exposed to thirty million more words than children who are living in poverty 

(Hart & Risley, 1995).  

Language quality is connected to quantity. Hart and Risley (1995) suggested that 

amounts of language exposure (number of words) between children from varying SES accounts 

for 36% of the variance in child expressive vocabulary; however, more recent research suggests 

that the relationship between exposure and language development is related to quality features of 

language input (Hirsh-Pasek et al., 2015). In a correlational study using a large sample of low-

SES families (108 mother-child dyads), Pan and colleagues (2005) suggest that although mothers 

from higher SES talk to their children more than mothers from low SES (Hart & Risley, 1995), 

talkativeness itself is not a statistically significant predictor of child language skills (Pan, Rowe, 

Singer, & Snow, 2005). 

Several additional studies have examined the relationship between mother’s lexical 

complexity and child language outcomes for children of differing SES. These data support the 

hypothesis that caregiver language quality impacts child language development. Hoff (2003) 

determined that differences in quality (complexity and richness of vocabulary) of maternal 

language directed towards two-year-olds mediates the effect of SES on expressive vocabulary 

outcomes in children. Rowe (2008) replicated these findings with receptive vocabulary outcomes 

– demonstrating that caregiver language with more word types, higher amounts of lexical 

diversity, and longer MLU accounted for an additional ten percent of the variance in child 

vocabulary comprehension (Rowe, 2008). Huttenlocher et al. (2010) found a direct relationship 
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between lexical diversity in caregiver speech and diversity in child speech – again noting that 

differences in language growth between SES groups were mediated by differences in caregiver 

language input (Huttenlocher et al., 2010).  

It is likely that the amount and diversity of caregiver utterances are interrelated. 

Caregivers from different SES groups vary in the ways they use language with their children – 

with higher SES mothers more frequently using language for the purpose of eliciting 

conversations and lower SES mothers using language most often to direct child behavior (Hoff, 

2003). Hoff’s (2003) findings with low income families replicate those from Hammer et al. 

(2001) who found that parents of children with language delays use more directives. Hart and 

Risley (1995) recognized that low-SES caregivers used more prohibitions than caregivers from 

other SES groups. Examples of prohibitions used by families in their study include: “Don’t,” 

“Stop,” and “Quit” (Hart & Risley, 1995). These short, directive phrases are likely to limit the 

variety of different words and language structures the child is exposed to, therefore limiting the 

total number of words the child has the opportunity to learn.  

As noted above, when caregivers use language to direct child behavior (as opposed to 

following the child’s lead), children learn fewer nouns (Tomasello & Farrar, 1986). Children of 

lower SES parents hear more than twice as many prohibitions (n = 11) per hour compared to 

children from professional families (n = 5) (Hart & Risley, 1995), thus affecting the quantity of 

diverse lexical phrases they are exposed to. It is important to remember, however, that lower SES 

children also hear less language overall. Proportionately then, prohibitions must account for more 

of what the child is exposed to in most low-income settings. In higher SES children, prohibitions 
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still occur, but their deleterious effect may be diluted by higher amounts of conversation-eliciting 

interactions overall. 

Quality differences between children from different SES groups could also be related to 

routine language experiences. Hoff-Ginsberg (1991) documented differences in language during 

book reading between high- and low-SES mothers. Mothers with higher levels of SES used more 

language, and more complex and lexically diverse language, during reading when compared to 

mothers from a lower SES group. Since families who are living in poverty do not read to their 

children as often as higher income families, children may not be exposed to lexically diverse and 

complex language as often (Hoff, 2006).  

These considerations help explain why children from low-SES families often have less 

complex utterances and use fewer syntactically complex phrases than their more advantaged 

peers (Arriaga, Fenson, Cronan, & Pethick, 1998). They also suggest that differences in child 

language development associated with SES are not due to differences in ability among children 

who are living in poverty, but rather due to differences in experience – underscoring the 

importance of the environment in language acquisition.  

Caregiver characteristics affect child language outcomes. In addition to the 

effects of low-income status on child language outcomes, caregiver education and language 

ability can also impact caregiver-child language interactions. Pan et al. (2005) noted a link 

between maternal language and literacy skills and child language outcomes. In addition to 

demonstrating a direct effect of parent education on child vocabulary production, parent 

education also mediated mothers’ use of different word types which was the strongest predictor of 

child vocabulary reported in the study (Pan et al., 2005).  
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Rowe (2008) further explored the relation between caregiver education and child 

language development by evaluating caregiver knowledge in the areas of infant development, 

child-rearing techniques, and health and safety issues. She discovered that parents with more 

advanced knowledge in these areas use more language, have greater diversity in linguistic 

utterances, produce longer utterances, and use fewer directives. The effect of caregiver 

knowledge on parent linguistic input in this low-income sample was statistically significant (p < 

.05). When knowledge of child development was added to regression models testing the relation 

between SES and child-directed speech, knowledge of child development mediated the 

relationship and contributed an additional 6.2% variance to the model (Rowe, 2008).  

In summary, there is evidence to suggest that distal environmental factors, linguistic and 

nonlinguistic, affect the caregiver-child relationship and impact child language learning. 

Although the amount of caregiver language use contributes to child language development, 

quality of linguistic interactions must also be considered. In low-SES populations, children are 

often at-risk of lagging behind peers due to infrequent linguistic exposure with low levels of 

lexical diversity. In addition to linguistic input and quality, there are also measurable factors 

outside of the communication domain that can enhance or impede child language learning like 

caregiver level of education and individual language skills. 

Conclusion 

There is an established and growing body of evidence supporting the effects of the 

environment on child language development. Within this area of research, many studies have 

examined the relationship between caregiver-child interactions and early language outcomes. 
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Different types of caregiver interactions facilitate language development in different ways – by 

either providing opportunities for joint attention episodes and communicative interaction, or 

through contributing examples of structural language components, such as syntax and semantics. 

Facilitative components of caregiver-child interactions are complex. The influence of some 

caregiver effects may be stronger during different times in the child’s language development 

period (e.g., early growth relying on social contexts and later growth emphasizing linguistic 

content) (Hoff & Naigles, 2002). Child-related effects, such as language delay, may also 

contribute to a child’s language learning environment by affecting caregiver input and 

responsiveness. In addition to individual and combined effects of the child and his or her 

caregivers, it is important to remember that the caregiver and child are situated in broader 

environments. Environmental influences like SES impact language by affecting social experience. 

Difference in experience may result in low-SES children receiving fewer opportunities for 

communicative interaction with less-rich input.  

Limitations. There several limitations related to the current literature describing factors 

associated with child language outcomes. First, most research has been conducted in a brief 

period of time rather than across a full day – potentially limiting the generalizability of the data 

that is collected. Second, measures of caregiver inputs and child outputs are frequently gathered 

outside of the natural environment or include researcher-provided materials that may not be 

available during every day interactions. Last, despite a growing understanding of environmental 

factors that affect language development, knowledge of the contributions across settings (i.e., 
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home and child care) is still quite limited. In the final section of this review, I discuss these 

limitations and provide suggestions for new research that can address existing concerns.  

Data collection in many early studies within this review was limited to brief, infrequent 

interactions between caregivers and children, and often took place in researcher-directed 

environments. For example, Giralometto et al. (1999) recorded caregiver-child interactions for 

just 30 minutes at two time points in a clinic setting designed to imitate a domestic room. Tamis-

Lemonda and colleagues (2001) collected observational data for even less time (10 min). They 

did, however, collect observational data in the family’s home (albeit with researcher-provided 

toys) and supplemented observational data with parent interview every two weeks. Although the 

purpose of all studies was to estimate natural caregiver-child interactions, several studies used 

researcher-provided materials. Gardner (2000) suggested that interventions be conducted in 

homes during naturally occurring routines and without the addition of novel materials. Rowe 

(2012) sets a good example by videotaping in everyday activities where families were free to 

move about their home and do what they would typically do.  

Tomasello and Todd (1983) also report using naturalistic video procedures to help ensure 

mothers that they were not ‘on stage’ during observations. In their study, however, researchers 

noted that, “…mothers both played with their children and chatted with the research assistant…” 

(Tomasello & Todd, 1983, p. 202). Although research suggests the unlikelihood of an observer-

effect affecting data on caregiver-child interactions, the possible effects of video-data are not as 

well studied (Gardner, 2000), and it is possible that caregiver linguistic interactions with the adult 
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researcher could have an effect on the child if, for example, caregivers produce high-level 

language models in the presence of another adult.  

There are also challenges in the ways data were measured and analyzed within these 

studies. Several studies estimated child and caregiver vocabulary by collecting information on 

word types and tokens through observation. Pan et al. (2005) noted that we do not yet know 

whether this type of observational data (collected in a short period of time and in somewhat 

artificial language environments) is consistent with a child’s actual word production skills. There 

is a need for additional research that tests the accuracy of observed vocabulary estimates with 

additional information collected by parent report (Hammer et al., 2001). To help increase 

understanding of individual child and caregiver contributions to the language environment, 

researchers should also consider using tools that measure child and caregiver language ability 

separately and outside of the observed caregiver-child interaction time. Due to shared 

contributions of child and caregiver during language interactions, study results may be 

confounded if individual language characteristics are only measured during caregiver-child 

interactions.  

Last, although a large portion of the research on caregiver-child relationships has taken 

place in the home environment, more research is needed to determine the impact on child 

language development when children participate in child care settings with non-parental 

caregivers providing the majority of linguistic input and social interaction. The child care 

environment has an effect on language – with positive associations between child language 

development and amount of caregiver talk, as well as, positive associations between child 
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language skills and amount of time in one-on-one social interaction (Hoff, 2006). The relation 

between caregiver-child interactions and language development in home and daycare settings is 

complicated, however, by other measures of environmental quality. To address the multiplicity of 

factors associated with this comparison, Vernon-Feagans and Bratsch-Hines (2013) conducted the 

first study to directly compare language interactions between caregivers and children in both 

settings. Their findings suggest that high-quality interactions in child care buffer lower quality 

language input in the home environment. As in other studies mentioned above, however, Vernon-

Feagans and Bratsch-Hines relied on very brief (10 min) observations in each setting with 

research-provided materials for the home observation. Despite controlling for a wide variety of 

factors not considered in other studies, the relatively brief data collection period is a drawback of 

the study. 

Future directions. Recent advances in recording technology allow researchers to 

observe caregiver-child interactions in natural settings without the interference of a direct 

observer. For example, Language ENvironment Analysis (LENA) is a tool that allows for 

automated analysis of a language environment for up to 16 hours per day by audio recording. 

Audio recordings can be completed without requiring the physical presence of an outside 

observer – potentially resulting in data that provide a more valid representation of everyday 

interactions in typical environments. In addition to capturing data without direct human 

observation, the LENA system can also automatically analyze recordings that would otherwise 

require human transcription. LENA provides an estimate of the number of adult words, child 

vocalizations, and back-and-forth conversational exchanges occurring in a child’s environment. 
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This tool provides researchers with the ability to quickly and accurately analyze data across a 

child’s environment (Greenwood et al., 2010).  

In contrast to parent-report measures, LENA gathers data via direct observations which 

can occur for an extended period of time. As Greenwood and colleagues (2010) pointed out, the 

LENA system can produce substantially more data per observation (across the hours of a single 

day) than earlier methods, and can also be used repeatedly over the course of weeks, and even 

years, to measure language growth over time in a consistent manner. The LENA system can 

detect electronic noise and non-speech sounds occurring in the environment, and although it is 

not yet fine-tuned to be able to pick up on prosodic features of language, or non-verbal aspects, 

researchers can listen to audio recordings to apply author-created coding schemes.   

Researchers have used LENA to measure language interactions across a variety of natural 

settings - including home settings (e.g., Greenwood et al., 2010; Warren et al., 2009) and in 

preschools and child cares (e.g., Irvin, Hume, Boyd, McBee, & Odom, 2013). In one study, 

researchers used LENA to compare short (15 min) segments of recorded data across home and 

preschool settings for children with ASD (Burgess, Audet, & Harjusola-Webb, 2013). Another 

study used full day recordings in the home and child care setting to assess language during 

various daily activities (i.e., mealtime) (Soderstrom & Wittebolle, 2013). Unfortunately, 

researchers in the later study used different children across settings (n = 11 participants with five 

different children recording in each setting and only one child recording in both settings) limiting 

the possibility of direct comparison.  
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The purpose of this study is to build on existing knowledge of child-caregiver 

interactions across the home and child care environments. A low-income sample was targeted to 

focus on children who are most at-risk for developing language delays due to differences in 

language exposure throughout the early childhood years. In this study, LENA was a particularly 

useful tool – capable of recording and analyzing data in the same manner across home and child 

care settings. In contrast to earlier studies (e.g., Hart & Risley, 1995) which required human 

transcription of data, LENA can reliably capture an estimate for the frequency of adult talk 

occurring to and near a child, the number of vocalizations that the child uses, and the 

conversational turns that take place between the child wearing the device and adults in the child’s 

environment (Xu, Yapanel, & Gray, 2009). In addition, LENA can capture naturalistic 

communicative exchanges for the same child during an extended period of time (i.e., throughout a 

full day recordings at home or on a child care day) while only requiring minimal researcher and 

participant time and training. As a result, LENA provides access to settings and data that would 

be otherwise difficult and expensive to access, and data uniquely and well-suited to answering 

questions like those posed here.  
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 – Methods 

Participants 

Participants in this study were recruited from five child care centers operated by a large 

national company in a Midwestern metropolitan area. Participants were recruited for eight weeks 

beginning in February, 2016. Families were invited to participate in the study when they arrived 

at the child care centers during peak drop-off (approximately 7:00 a.m. to 9:00 a.m.) and pick-up 

times (approximately 3:30 p.m. to 6:30 p.m.) at each center. Flyers were also distributed at the 

centers for families who had children in classrooms serving toddlers and preschoolers between 

the ages of one and a half to three and a half years of age asking families to call, text, or email the 

study author if they were interested in participating. A child’s caregiver assented for child 

participation in the study. The author also met with child care staff to explain the purpose of the 

study and gathered consent from lead and assistant teachers. All participants in the study used 

English as their primary language.   

A total of 49 children along with their primary caregivers and child care providers 

consented to participate in the study. Of these, 38 provided data that could be used in analyses. 

Out of the 11 participants who did not provide data for analyses, five children refused to wear the 

vest holding the measurement device or did not tolerate having the device in the vest pocket. One 

family reported that another adult in the child’s home environment did not want to have the 

recording. Three sets of recordings were considered invalid due to the start time of the recording 

or because the recording did not run continuously, and two families did not complete recordings 

for unknown reasons. 
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Children and families. Each child participant’s primary caregiver completed a 

demographic survey to provide information about the child participant and his or her family. 

Primary caregivers (also referred to as parents in the remainder of the paper) ranged from 18 to 

58 years of age (M = 30.45, SD = 7.25), and all but four of the survey respondents were mothers 

(89.47%) (others were fathers and a grandmother). The majority of primary caregivers (76.32%) 

reported being single, but also reported having two or three additional adults living in the home 

(84.21%). The number of children per household ranged from one to six with 36.8% of families 

reporting two children, and 21.1% of families reporting 1 or 3 children, each.  

All families participated in child care programs where the majority (at least 95%) of 

families attending that child care center received child care assistance. In this sample, all but four 

primary caregivers (89.47%) reported receiving child care assistance through state-funded child 

care assistance programs (76.31%), early learning scholarships (7.89%), or at discounted prices 

offered directly through the child care program (5.26%). Nearly 70% of parents reported an 

average annual income under $30,000 (68.42%). An additional 21.05% reported an annual 

income between $30,000 and $45,000. Four remaining families (10.52%) reported annual income 

over $45,000. All primary caregivers had a high school diploma or General Education 

Development (GED) diploma, and just over half (52.63%) reported some college experience. 

Table 1 provides a complete summary of results. 
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Table 1 

Demographic Characteristics of Child and Family Participants (N = 38) 

Characteristic M (SD) Range n % 

Parent Age 30.45 (7.25) 18 - 58   

Relationship to Child 

   Mother 

   Father 

   Other 

 

  

  

34 

3 

1 

 

89.47 

7.89 

2.63 

Parent Marital Status 

   Single 

   Married or Living with Partner 

   

29 

9 

 

76.32 

23.68 

Number of Adults in Household  1.76 (.75) 1 - 3   

Number of Children in Household 2.68 (1.51) 1 - 6   

Child Care Assistance 

   State Child Care Assistance Program 

   State Early Learning Scholarship 

   Corporation and/or Child Care Discount 

   None       

 

 

  

29 

3 

2 

4 

 

76.31 

7.89 

5.26 

10.52 

Annual Household Income  

   Less than $15,000 

   $15,000 to $29,999 

   $30,000 to $44,999 

   $45,000 to $59,999 

   $60,000 to $74,999 

   $150,000 or more 

   

14            

12              

8                

2 

1 

1 

 

  36.84 

31.58 

21.05 

5.26 

2.63 

2.63 

Parent Education 

   High School Diploma or GED 

   Some College 

   Associate’s Degree 

   Bachelor’s Degree 

   Master’s Degree  

   

11 

20 

3 

2 

2 

 

28.94 

52.63 

7.89 

5.26 

   5.26 

 

Child participants had an average age of nearly 30 months (M = 29.92, SD = 7.98) with a 

range of 17 to 43 months of age at the time of primary caregiver assent. Twenty-five (65.79%) 
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child participants were female and the majority (81.58%) identified as African American. Table 2 

includes a complete breakdown of child participant demographics. One child participant was 

reported to have spina bifida and was receiving private physical therapy at the time of the study. 

No other major health conditions or developmental disorders were reported for other child 

participants.  

Table 2 

Demographic Characteristics of Child Participants (N = 38) 

Characteristic M (SD) Range n % 

Child Age (in months) 29.92 (7.98) 17 - 43   

Child Gender 

   Female 

   Male 

   

25 

13 

 

65.79 

34.21 

Child Race/Ethnicity 

   White/Caucasian 

   Black/African American 

   Hispanic/Latino(a) 

   Asian 

   Native American/Alaska Native 

   Other 

  

 

 

10 

31 

6 

1 

2 

1 

 

26.52 

81.58 

15.79 

2.63 

5.26 

2.63 

Note. Percentage totals more than 100% for child race/ethnicity because some children were reported as 

falling into more than one racial/ethnic group. 

 

Child care providers and centers. Child care programs were selected from a group 

of 58 centers with the highest proportion of families receiving child care assistance (95-100%). 

All centers were accredited by the National Association for the Education for Young Children 

(NAEYC) and were granted the highest rating (four stars) under the state’s Quality Rating and 

Improvement System (QRIS). Child participants attended one of 14 different toddler or preschool 

classrooms across the five centers. Toddler classrooms had an adult-to-child ratio of 1:7 and 
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preschool classrooms had an adult-to-child ratio of 1:10. Each classroom had at least one lead 

teacher. According to child care center policies, lead teachers were minimally required to have a 

high school or GED with 4,160 hours of experience as an assistant teacher and 24 quarter credits 

of post-secondary education (subject not specified). Staff could also qualify for the lead teacher 

role with a mix of different post-secondary education and early childhood experiences, with the 

highest qualification being staff who hold a license for prekindergarten/nursery teaching or a 

license for teaching elementary education with a kindergarten endorsement from the state 

department of education. Each classroom also had one or two assistant teachers. Assistant 

teachers were required to work under the supervision of a teacher. According to center policies, 

assistant teachers also needed at least a high school or GED diploma but had reduced experience 

requirements compared to teachers.  

Child care providers were selected for participation if they had at least one child in their 

classroom who was participating in the study. The child care providers (n = 14) from each 

classroom completed a demographic survey (see Table 3) describing their education, racial, and 

economic background. In the case of one classroom, the assistant teacher completed the survey 

because the lead teacher refused to consent. In all other cases, the lead teacher completed the 

survey. Child care providers in this sample were exclusively female and were, on average, 40 

years old (SD = 10.27, Range = 23-53). The majority of providers described themselves as being 

White/Caucasian (64.29%) and all others described themselves as being Black/African American. 

About a third (30.77%) of child care providers in this sample reported having an annual 

household income under $15,000 (though child care center management reports this is lower than 

the minimum starting wage, suggesting some providers may have been working part-time or 
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reporting income from the previous year) – with most of the sample reporting incomes less than 

$45,000 (71.43%). All but one child care provider (not the assistant teacher) had some college 

experience or completed a college degree (92.86%). When asked specifically about their level of 

education related to early childhood, however, less than half of the child care providers reported 

obtaining a Child Development Associate credential (CDA) or other associate’s degree related to 

early childhood education (42.86%), and only one provider reported having a bachelor’s degree 

specific to the field.  

  



 

 

41 

 

Table 3  

Demographic Characteristics of Child Care Providers (N = 14) 

Characteristic M (SD) Range n % 

Age 40.5 (10.27) 23 - 53   

Race/Ethnicity 

   White/Caucasian 

   Black/African American 

   

9 

5 

 

64.29 

35.71 

Annual Household Income (n = 13) 

   Less than $15,000 

   $15,000 to $29,999 

   $30,000 to $44,999 

   $45,000 to $59,999 

   $90,000 to $104,999 

   $135,000 to $149,999 

   

4 

2 

4 

1 

1 

1 

 

30.77 

15.38 

30.77 

7.69 

7.69 

7.69 

Education (General) 

   High School Diploma or GED 

   Some College 

   Associate’s Degree 

   Bachelor’s Degree 

   Master’s Degree 

   

1 

6 

4 

5 

1 

 

7.14 

42.86 

28.57 

35.71 

7.14 

Education (Early Childhood-Specific) 

   None 

   Some College 

   Associate’s Degree 

   Bachelor’s Degree 

   

1 

6 

6 

1 

 

7.14 

42.86 

42.86 

7.14 

 

Measures 

LENA System. The LENA system was used to record and analyze two audio 

recordings using LENA digital language processors (DLPs) and language analysis software. The 

DLP was housed in the front pocket of specially designed children’s clothing (a vest) and worn 

over the child’s regular clothes. The DLP allows for continuous recording (up to 16 h) of child 
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vocalizations, adult words, and environmental sounds within about a four-to-ten foot radius. After 

the recordings were completed, the DLP was connected to a computer with LENA software. The 

LENA computer software automatically analyzed the audio signal on the DLP and provided the 

following LENA measures: 1) Adult Word Count (AWC), an estimate of the number of words 

spoken to or near the child by adults in the child’s environment; 2) Conversational Turn Count 

(CTC), an estimate of the number of adult-child verbal interactions (e.g., child vocalizes, adult 

responds within a 5 s window); and 3) Child Vocalizations (CV), an estimate of the number of 

vocalizations produced by the child (not including vegetative or crying sounds). LENA 

automated analyses also included an estimate of the proportion of meaningful speech (non-

overlapping speech sounds usually occurring within 10 feet of the DLP), distant noise (other 

speech sounds too faint or distant to be used for the frequency outcomes), and electronic noise 

(e.g., TV, radio) in the child’s environment throughout the recording day.  

The reliability and validity of LENA was initially tested with 70 audio recordings using 

children from 2-36 months of age (See Xu et al., 2009 for a complete review). To assess the 

accuracy of the automated computer transcription, Xu and colleagues reported that human 

transcribers segmented one-hour recordings with high adult/child activity. Human transcription 

results were compared with LENA analyses across the 70 samples with agreement ranging from 

71-82% depending on the segmentation variable (e.g., Adult, Key Child, TV/Electronic media, 

and Other speakers). Agreement on child speech vs. non-speech vocalizations between human 

transcribers and LENA analyses was also high (75% and 84% respectively). Reliability for 

LENA’s AWC estimate was strong (r = .92); however, the error in these estimates varies as a 
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function of recording time – where shorter recordings have more error. Error rates plateau 

between 5-10% after three hours of recording time.  

Normative data for LENA recordings is available based on results of the LENA 

Foundation natural language study (Gilkerson & Richards, 2008). In this study, researchers 

gathered LENA recordings from 329 typically developing children living in the Denver 

metropolitan area. Families who participated in the study were considered to be representative of 

the U.S. Census with respect to mother’s education level; however, there was slightly less 

representation of mother’s who did not have a high school diploma or GED. Child participants 

ranged from 2-48 months of age (with equal representation across ages), were English speakers, 

and did not have any known developmental or language delays. Average standard scores for 

language assessments conducted within the study ranged from 102-107. Participants contributed 

up to 26 day-long recordings of at least 12 hours each. A total of 2,682 recording sessions were 

used in the final normative sample to calculate means, standard deviations, and percentiles for the 

three main LENA outcomes (AWC, CTC, and CV). 

Preschool Language Scale – 5th Edition (PLS-5). The PLS-5 (Zimmerman, 

Steiner, & Pond, 2011) is a well-known language assessment designed to evaluate expressive and 

receptive language skills in young children. Assessment results can be reported as standard scores 

for two subtests (auditory comprehension and expressive communication) and for a total language 

score (across subtests). The PLS-5 has adequate reliability – with interrater reliability, split-half 

reliability, and test-retest reliability coefficients all above .86. The PLS-5 has concurrent validity 

with its predecessor (the PLS-4) with total language score coefficients of .85. Test authors based 

sensitivity and specificity values on a reference standard (scores at least 1.5 SD below the mean 
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on another language test and participation in a language therapy program at the time of test 

administration). The PLS-5 has adequate sensitivity for children over and under three years of age 

at .83 and .90, respectively. Sensitivity values (using the same reference criteria) are lower at .8 

for children over three years of age and .79 for the younger groups. In this study, raw scores and 

standard scores were used in analysis. 

Demographic survey. An author-created survey was used to gather demographic 

information about each child’s primary caregiver and child care provider. The survey also 

provided information about the home and child care environment.  

Parent survey. The survey for primary caregivers included questions about the parent, 

family, and child. Parent questions included: relationship to child participant, age, highest level of 

education completed, and marital status. Questions related to the family as a whole included: 

number of adults and children living in the home (defined as above and below 18 years of age, 

respectfully), estimate of annual household income, and whether the family receives any child 

care subsidies or discounts. Last, questions that were specific to the child participant included: 

date of birth, gender, race/ethnicity, average number of hours child is in child care during the 

week, name of child care program and length of time child has attended that program, and 

whether the child was diagnosed with any major health conditions or developmental disorders. If 

parents responded saying their child had a diagnosis or developmental delay, they were also 

asked to respond to follow up questions about the specific diagnosis, whether the child receives 

specialized services due to the diagnosis, why the child receives services (i.e., the developmental 
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area(s) that is affected), the type of specialized service that is provided, and the length of time the 

child has been receiving specialized services.  

Child care provider survey. The survey for child care providers included questions 

about the provider’s age, race/ethnicity, and estimated family income. Additionally, child care 

providers were asked to select the highest level of education they completed in general and the 

highest level of education they completed specific to early childhood. 

Hourly activity log. The LENA Foundation Hourly Activity Log was distributed to all 

participants to gather information about the activities that occurred during the recording day. The 

log includes four columns to list: activities, main caregiver, other people present, and notes for 

each hour of the recording (rows) beginning at 5:00 a.m. and ending at midnight. Twenty-five 

numbered activity options are listed on the log so that the number can be entered in the activities 

column. The 25 possible activity options include: wake up, get dressed, meal/snack/feeding time, 

sleep/naps, bath/washing, get ready for bed, indoor play, TV/video time, book reading, 

storytelling, outings (park, walks, museum, zoo), outdoor play, errands (grocery store, market, 

shopping), cry, crafts (drawing, art), listen to radio/recorded music, swim, public transportation 

(bus/train rides), bike rides, car rides, doctor visits (immunizations, check-ups, emergencies), 

group gatherings (parties with family/friends, play groups), day care/learning center/preschool, 

therapy sessions, and vest off – asking participants to indicate any time the DLP was removed 

from the vest or the vest was removed from the child. The activity log also instructed participants 

to write in an activity in the activity column if it was not one of the numbered options already 

listed on the form. 
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Procedures 

Research staff asked primary caregivers and child care providers to complete 

demographic surveys on the same day that consent was received. After consenting, parents were 

provided with a bag of materials, including: two DLPs (one in a plastic bag marked “child care” 

and the other in a plastic bag marked “home”), two vests sized to fit the individual child 

participant, a copy of the consent form, the Your LENA Recording Day: Step-by-Step 

Instructions form (from the LENA Foundation), and the Hourly Activity Log form. Verbal 

instructions were provided on how to use the LENA DLPs and each individual primary caregiver 

was asked to repeat the instructions back to the author of the study to ensure understanding. 

Primary caregivers practiced turning on the DLP, recording, and placing the DLP in the vest 

pocket during the consenting time. They were also provided with the primary author’s contact 

information (cell phone number) for any questions that came up on the recording days.  

Primary caregivers were instructed to turn on the recording device when their child woke 

up, and to let the device run until it automatically turned off after 16 hours. They were also asked 

to complete the Hourly Activity form – minimally marking times when the child was sleeping 

during the home recording day. Fewer than 10% of families returned the diary so it was dropped 

from analyses. Child care pick-up and drop-off times were provided by child care centers using 

sign-in and sign-out records on the day of the child care recording. At home, a child’s vest (with 

DLP) was removed and kept nearby the child during sleeping and bathing. Child care providers 

were asked to assist in leaving the recorder in the vest pocket while the child was in the child care 

setting – except during nap time when the vest (with DLP) was removed and placed under the 

child’s cot to capture nearby sounds while the child slept.  
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Primary caregivers were asked to schedule the two audio recording days at the time of 

consenting – one in the child’s home on a day when the child was with his/her primary 

caregiver(s) the majority of the day, and a second recording on a day when the child attended the 

child care program. Families were provided with an option of which day they wanted to record in 

each setting – with the author initially suggesting the upcoming weekend (Saturday or Sunday) 

for the home recording day and the child care day preceding or following that weekend (usually 

Friday or Monday) for the child care recording day. After recording days were scheduled, 

primary caregivers provided estimated wake-up times for each recording day and an automated 

text was scheduled to be sent as a reminder to turn on the DLP for those times.  

Texts for the first recording (whether it was home or child care) said something similar 

to, “Remember to use LENA when [child name] wakes up. Just turn it on, press record, put it on, 

and leave it on.” The text for the second recording day said, “Thanks for using LENA [week day 

(e.g., Saturday)], it’s time for round 2! Remember to turn it on, press record, put it on, and leave it 

on.” A final text was sent on the morning of the next child care day (following the second 

recording day). This text usually read, “Thanks for using LENA! Please return the vests and 

LENAs today.” When the DLPs were returned to research staff, after both recordings were 

completed, families were compensated with a $25 gift card to a local grocery or retail store. If a 

recording came back invalid (i.e., no data or less than six hours of data), the family was asked if 

they were interested in recording again. In these cases, the same procedures were followed as 

described above and the second recording (if completed) was used for analysis.  

Standardized language assessments were completed one-on-one with child participants in 

a quiet area of the child care center away from the child’s classroom. The study author and 
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advanced students in Speech and Hearing Sciences, who received training on the assessment, 

completed all testing. In most cases (89.2%), the PLS-5 was completed within two weeks of the 

LENA recordings. Four assessments required delayed testing (up to 22 days after recording) due 

to the child not being available on the first testing attempt. One additional child could not be 

reached to complete a formal language assessment because the family left the child care center 

where they initially consented.  

Data Analysis 

This study used a descriptive research design with data from the LENA measures 

described above, including: adult word count (AWC), conversational turn count (CTC), and child 

vocalizations (CV). Each LENA measure was gathered from recordings across the home and 

child care environments. Recordings were considered valid to use in analyses if the recording 

time for time spent in child care was at least six hours long, or if the recording occurred with at 

least four hours of data during child care time that did not include scheduled nap time. Home 

recordings were considered valid if the primary caregiver started the recording within four hours 

of the time they planned on waking up and the total recording was at least six hours long. 
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To answer the first research question and compare LENA measures for this 

predominantly low-income sample of children to national norms, LENA measures from home 

recordings were compared to percentiles obtained from the LENA Foundation natural language 

study (Gilkerson & Richards, 2008). The home recordings were used (as opposed to an average 

of home and child care recordings) since LENA norms were created from recordings occurring 

primarily in the home environment.  

For the second research question addressing differences in LENA measures between the 

home and child care environments, hourly rates for AWC, CTC, and CV were calculated and 

compared across three categories of recordings. Home recordings occurred on a day when the 

child was with their primary caregiver in the home environment (usually on a weekend). Child 

care recordings occurred on a day when the child attended child care and were split into two 

segments: child care day (during) and child care day (outside). Means and standard deviations for 

each of the three recording categories were compared and analyzed for statistically significant 

differences between recording environments (home, child care (during), and child care (outside)).  

To obtain hourly rates for the home recording, each LENA outcome was divided by the total 

amount of recording time (e.g., 16 hours) for each participant. Multiple steps were required to 

calculate hourly rates for child care recordings. First, each child care recording was segmented 

into before child care time, during child care time, and after child care based on five-min LENA 

outputs (available through the LENA System) and exact drop-off and pick-up times for individual 

children provided by the child care center. When the drop-off or pick-up time fell within a five-

min output segment (i.e., the child was dropped off at 8:43 but the five-min segment ran from 

8:40 until 8:45) the segment was dropped from analysis. Next, time outside of child care and time 
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during child care was calculated, and associated LENA outcomes were again divided by the total 

amounts of recording time in each portion of the recording.  

The following example illustrates the child care hourly rate calculations for one of the 

study participants. This child’s child care recording was started when the child woke up at 7:29 

a.m. and ran for sixteen hours. The child arrived at child care at 8:07 a.m. and was picked up at 

3:26 p.m. Segments with overlapping data between the primary caregiver and child care provider 

(8:05-8:10 a.m. and 5:25 to 5:30 p.m.) were discarded from analysis. Child care (during) time was 

calculated from 8:10 a.m. until 5:25 p.m. for a total of seven hours and 15 mins, and child care 

(outside) time was calculated by adding the before and after child care hours – in this example, 

child care (outside) totaled eight hours and 35 min. after discarding the two 5-min segments with 

overlapping data. As with home calculations, all LENA data (AWC, CTC, and CV) from the 

child care recording day were then divided by the hours for each setting (during and outside) to 

determine final hourly rates  

I used simple correlations between study variables, including hourly rates for the home 

recordings and child care (during) to help answer the last research questions concerning the 

relation between child language ability and language environment. I used multiple regression 

analyses to predict child language ability (as measured by PLS scores) based on LENA measures 

(AWC, CTC, and CV) in the home and child care settings. Last, the sample was split between 

children with low and normal language skills to determine whether the home or child care setting 

provided significantly different levels of exposure to language (AWC), opportunities for verbal 

interaction (CTC), or child language use (CV). These analyses helped describe the relation 
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between home and child care environments, as well as identify differences in child exposure to 

language and use of language within the two settings that may, in part, be accounted for by child 

language ability. 
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 – Results 

Table 4 includes means and standard deviations for the standard and raw scores on the 

standardized assessment. Descriptive data for LENA recordings and the PLS-5 are presented in 

Tables 4 and 5, respectively, including: the average number of recorded hours in each setting 

(home, during child care, and outside of child care) and the means, standard deviations and ranges 

for all measures. LENA data were split based on when the recording occurred. Home recordings 

occurred for a full day in the home setting (e.g., Saturday or Sunday). Data for the setting child 

care (during) only included data gathered while the child was in the child care center on a 

weekday, and child care (outside) included data gathered on that same day but during the hours 

before and after the child was at the child care center. For analytic purposes, frequency data on all 

LENA measures were organized in three formats: by percentile rank, hourly rate, and age-

adjusted hourly rate.  

After applying predefined validity criteria (i.e., recordings with four or more hours of 

data outside of scheduled nap during child care, and recordings at least six hours in length from 

home), I identified 37 participants who completed valid LENA recordings in both home and child 

care settings. One additional participant had a valid home recording but did not record in the child 

care setting. Another participant could not be reached to conduct the PLS-5 but completed all 

recordings.  Most participants in this sample recorded for 16 hours in the home environment 

(92.1%), and slightly fewer recorded for the full 16 hours during the child care day recording 

(84.2%). The average amount of time children spent in child care on the child care recording day 

was just over eight hours (M = 8.37, SD – 1.43). The shortest valid recording for child care was 



 

 

52 

 

Table 4  

Descriptive Statistics for LENA Measures across Setting 

 Home  Child care (during)  Child care (outside) 

Measure M (SD) Range  M (SD) Range  M (SD) Range 

Recording length 

(hours) 

15.53 (1.65) 9.45-16  8.37 (1.43) 4.75-11.38  6.69 (2.57) 0-12.71 

Hourly rate         

   Adult word count 777.46 (452.22) 132.25-2564.81  762.82 (384.61) 195.84-1730.15   794.34 (422.14) 31.8-1710.76 

   Child turn count 28.05 (20.81) 1.13-107.38  20.29 (11.77) 3.4-69.97   28.90 (22.81) 0-83.55 

   Child vocalizations 158.51 (107.18) 12.38-459.62  122.92 (53.13) 46.04-263.74  145.97 (96.96) 0-363.83 

Age-adjusted rate         

   Adult word count 777.46 (22.14) 739.04-813  762.82 (68.03) 644.73-872.03  794.34 (38.28) 727.90-855.79 

   Child turn count 28.05 (5.46) 19.29-37.52  20.29 (2.17) 16.53-23.77      28.90 (.56) 27.99-29.87 

   Child vocalizations 158.51 (54.13) 71.61-252.48  122.92 (4.18) 116.21-130.18   145.97 (20.62) 112.86-181.77 
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four hours and forty-five minutes long (with less than 30 min of that time spent during nap), and 

the longest documented time in child care for an individual participant was approximately 11 

hours and 22 min. Table 5 includes descriptive statistics for the standardized language measure. 

Standard scores show that children in this sample performed slightly lower than average on both 

subtests of the PLS-5 (auditory comprehension and expressive communication). Total language 

standard scores had a normal distribution with a range between 54 and 141 (M = 95.76, SD = 

15.38). 

Table 5  

Descriptive Statistics for Standardized Language Assessment 

Measure M (SD) Range 

PLS-5 (standard score)   

   Auditory comprehension 97.41 (16.87) 50-146 

   Expressive communication 94.97 (12.90) 64-130 

   Total language 95.76 (15.38) 54-141 

   

PLS-5 (raw scores)   

   Auditory comprehension 31 (7.32) 18-46 

   Expressive communication 30.41 (6.44) 15-48 

   Total language 61.41 (13.53) 33-94 

 

Prior to substantive analyses, I examined the distributions for all measures to check if 

data met the assumptions for normality. Through visual analysis of the total raw and standard 

scores for the PLS-5, I determined both distributions were unimodal with most values falling in 

the middle of the range. The histogram for the total language standard score had slightly more 

values below the mean, however, skewness and kurtosis values were acceptable between -1 and 

1. Visual inspection of the LENA measures in both the home and child care showed variations 
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from a normal distribution with positively skewed or bimodal histograms on most measures. 

Skewness and kurtosis values were outside the acceptable range (less than -1 or greater than 1, in 

this sample varying from 1.61 to 7.84) for three of the six measures (AWC in the home and CTC 

in both settings). Results of Shapiro-Wilk tests of normality suggested distributions were 

significantly different than a normal distribution for AWC and CV in the home and CTC in both 

settings (all p-values < .016), and although larger p-values resulted in non-significant Shapiro-

Wilk tests for AWC and CV in the child care setting, p-values were marginally significant at .06 

and .05, respectively. Based on visual and descriptive analysis of these measures, non-parametric 

analyses were used each time LENA data was used in an analysis and the statistical tests were not 

considered robust to the assumption of normality (e.g., for comparisons of percentiles to 

normative data, and in paired samples tests comparing LENA measures across settings).   

Comparisons with Normative Sample 

I used LENA recordings conducted in the home environment to explore the first question 

in this study regarding comparisons on LENA measures between this sample of primarily low-

income children with those reported in LENA norms (Gilkerson & Richards, 2008). Percentiles 

were automatically calculated through the LENA system for 35 participants who each had at least 

10 hours of recorded data on home recording days. I entered estimated percentile scores for three 

additional participants using LENA normative data provided by the LENA Foundation. In each of 

these three cases, participants had a valid home recording (as defined for this study), but the 



 

 

55 

 

recordings did not meet the minimum number of recording hours for automatic calculations 

through the LENA system.1   

Descriptive data using percentile scores from this sample is provided in Table 6. As was 

expected, this low-income sample performed lower, on average, on all LENA measures when 

compared to the LENA normative data. One-sample Wilcoxon Signed-Rank Tests were 

completed to determine if the differences between sample and normative percentile ranks were 

statistically significant. This test allows for analysis of non-parametric data, and in this case, was 

appropriate for comparing this distribution of percentiles to the normative data. The one-sample 

test allows for comparisons between a known population (in this case, the LENA norms) and a 

sample. Here, the 50th percentile (test value = 50) was used as the median for the population 

comparison. Median AWC and CTC percentiles in this sample were significantly lower than 

those reported in the LENA Natural Language Study (all p-values < 0.015). In contrast, the 

median percentile for CV (Mdn = 39th percentile for the current sample) was not significantly 

different than the population comparison, p = 0.497.2  

  

                                                      

1 In two of these cases, participants recorded for more than nine hours but turned off the recorder at night. 

In the last case, the caregiver planned to complete the home recording on Saturday but instead started the 

recording Friday evening after returning home from child care at approximately 5:30 p.m. and recorded 

until about midnight. These data (recorded on Friday evening) were discarded since they occurred on the 

child care recording day instead of the home recording day. On the scheduled home recording day, the 

caregiver started the DLP at about 12:30 p.m. (scheduled start time was 10:00 a.m.) and recorded until the 

DLP was full (more than nine hours). This nine hour segment was used to estimate percentiles used in 

analysis. 
2 Similar p-values were obtained for comparisons AWC, CTC, and CV when the three estimated percentile 

cases were omitted from the analysis (p = .035, p = .015, and p = .608, respectively).   
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Table 6  

Descriptive Statistics for Home LENA Measures (Percentiles) and Results of One-Sample 

Wilcoxon Signed Rank Test 

 M Mdn Range p 

AWC 35.61 (32.89) 23.5 1-99 .015* 

CTC 35.24 (30.65) 25.5 1-98 .007* 

CV 46.55 (34.20) 39 1-99 .497 

* = p < 0.05 

Comparisons between Home and Child Care 

 To answer the second research question comparing LENA measures across the child’s 

home and school environment, I first analyzed frequency data across the two settings. Figure 1 

presents an average for AWC, CTC, and CV counts occurring during each hour of recorded time 

for all participants. Across settings, average counts for each LENA measure peak at two distinct 

times – in the morning between 9:00 a.m. and 10:00 a.m., and again in the early evening between 

6:00 p.m. and 7:00 p.m. There are some observable differences between the LENA measures on 

the child care recording day and home recording day. All LENA measure averages decrease 

during scheduled naptime at child care in the early afternoon with CTC and CV nearing zero 

between 1:00 and 2:00 p.m. Afternoon recordings in the home have some parallel decreases in 

AWC in the afternoon hours, but the lowest point in adult talk for home recordings occurs an 

hour later than in child care, and the lowest point of adult talk at home is more than three times 

greater than the lowest point of AWC in child care. Similar patterns occur for CV and CTC when 

comparing home and child care in the afternoon. In contrast to the decrease in child care, CTC in 

the home decreases only slightly between 3:00 and 5:00 p.m., and there is no noticeable change in 

level for CV during the afternoon of the home recordings. Recorded data from the home and child 
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care day recordings show rapid decreases in CTC and CV at the end of the day – presumably as 

participants go to sleep – beginning at 8:00 p.m. and eventually reaching zero for all participants 

by 2:00 a.m. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Average hour-by-hour counts for LENA measures across home and child care recording 

days. 

 To further compare language use and exposure across the three settings, I calculated 

hourly rates for each LENA measure (see Table 4). Despite variations noted in the hour-by-hour 
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analysis across the home and child care recording days (Figure 1), average hourly rates were 

similar for each LENA measure across recording settings (see Table 4). To account for age-

related differences in child language across this sample of one and a half to three and a half year 

olds, I calculated age-adjusted values using linear regression. Age-adjusted values were 

calculated for each of three LENA measures (AWC, CTC, and CV) and settings (home, child care 

(during) using child age (in months) as the independent variable – see the example regression 

equation below calculating age-adjusted values for AWC in the home setting: 

 

Using the age-adjusted hourly rates, I then compared LENA measures in each setting with plots 

(Figure 2) and through descriptive (Table 4) and inferential statistics (Table 7). Kendall’s 

coefficient of concordance (W) was calculated to examine the relation among LENA measure 

age-adjusted hourly rates and recording settings. Significant differences were found for all three 

LENA measures – AWC (2 = 21.784, df = 2, p < .001), CTC (2 = 40.595, df = 2, p < .001), and 

CV (2 = 21.568, df = 2, p < .001). Based on these observed differences, I also conducted paired 

samples Wilcoxon signed-ranks tests to determine statistically significant differences between 

settings on each LENA measure. Bonferroni correction was used to account for multiple 

comparisons; with 3 comparisons, critical value for differences was set at  = .017. Significant 

differences were found between at least two settings for all three LENA measures. Table 7 shows 

the results of all pairwise comparisons noting whether test results were based on positive or 

negative ranks when the first variable listed in the table was subtracted from the second. For 

example, in the comparison between child care (during) and home, all z-scores were based on 
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negative ranks indicating child care (during) was more likely to have low levels of talk when 

compared to home.  

Table 7 

Paired Samples Wilcoxon Signed-Rank Test Comparing Age-Adjusted LENA Measures across 

Settings 

 Child care (during) vs 

Home 

 

 Child care (outside) 

vs Child care (during) 

 Child care (outside) 

vs Home 

 

LENA Measure Z p  Z p  Z p 

Adult Word 

Count  

-1.86b .062  -4.64a < .001*  -4.29a < .001* 

Child Turn 

Count 

-4.43b < .001*  -5.30 a < .001*  -0.88 a .377 

Child 

Vocalizations 

-3.28b .001*  -5.21a < .001*  -2.11b .035 

Note. a = based on positive ranks; b = based on negative ranks.  

*p < .017 

 

Figure 2 shows the means with 95% confidence interval error bars for the age-adjusted 

hourly rates on each LENA measure across the three recording segments. Rates of language use 

and exposure recorded during child care were the lowest of all three settings regardless of the 

LENA metric – with significant differences noted between home and child care (during) for CTC 

and CV. All three LENA measures were significantly higher during the morning and evening of 

the child care day (child care (outside)) when compared to time in child care (child care (during)) 

(all p-values < .001) suggesting that children in this sample received more language from adults 

and used more language when they were with their primary caregivers on the child care day 

compared to when they were with child care providers in center-based care. A comparison of 
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means for AWC shows overlapping error bars across the three recording segments; however, 

there are significant differences between the home and child care (outside) recording segments 

despite both recording periods occurring outside of child care time with the participants’ primary 

caregiver(s). Overlapping error bars also occurred for CTC in child care (outside) and home – this 

time with no significant differences between means, but observable differences in variation across 

participants where error bars ranged from approximately 26 to 30 CTC per hour in the home and 

hovered around 29 CTC per hour outside of child care time on the child care recording day.  
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Figure 2. Age-adjusted means with error bars indicating 95% confidence intervals for all LENA measures across recording setting. 
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Influence of Child Language Ability 

 I addressed the third research question looking at the relation between a child’s language 

skills and their language environment with simple correlation and multiple regression. Table 8 

presents associations between child age, PLS-5 (raw and standard scores), and hourly rates for 

each LENA measure in the home and child care setting. There are strong relations between the 

subtests and the total language standard scores on the PLS-5 (r = .866-.973, p < .001) and also 

with raw scores (r above .932 and p < .001). For LENA measures, both settings have significant 

relations between CV and CTC and also between AWC and CTC (r = .557-.720, p < .001) – this 

is logical since both child and adult vocalizations are required for the CTC measure; however, 

there is no relation between AWC and CV. LENA measures are not correlated across settings – 

for example, the relation between child vocalizations in the home and child care is equal to .015 

with very high p-values (p = .931). Child vocalizations are the only LENA measure related to 

PLS-5 scores – standard scores with child vocalizations in the home (r = .391, p =.018 for total 

language standard score), and raw scores with child vocalizations in the child care (r = .500, p = 

.002 for total raw score). Child vocalizations are also the only LENA measure to have significant 

relations with age (moderate at r = .505, p = .001). 

Since there were significant correlations among the variables gathered in this study, I fit 

multiple regression models to predict child language ability based on LENA measures in the 

home and child care setting. The home and child care setting were considered independent from 

one another and so repeated measures analyses were not necessary. I was first interested in how 

children’s individual language performance (not their performance related to peers) can be 

predicted by language environment variables. Regression models, therefore, were fit using 
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Table 8 

Simple correlation coefficients (Pearson’s r) among the PLS-5 and LENA Measures in the Home and Child Care (During) 

      Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Age (months) –             

2. PLS AC standard score -.07 –            

3. PLS EC standard score -.02  .87** –           

4. PLS Total standard score -.05 .97** .96** –          

5. PLS AC raw score .74** .56** .53** .59* –         

6. PLS EC raw score .78** .43** .58** .51* .93** –        

7. PLS Total raw score .77**  .5** .56** .54* .99** .98** –       

8. AWC home -.05 -.03 .12 .04 -.08 .001 -.05 –      

9. CTC home .26   .11 .22 .16 .22 .3 .27 .68** –     

10. CV home .51**   .16 .23 .19 .46** .53** .5** .14 .72** –    

11. AWC child care (during) -.18 -.15 -.08 -.11 -.25 -.19 -.23 -.01 -.22 -.16 –   

12. CTC child care (during) -.18 .07 .13 .11 -.08 -.05 -.06 .07 -.14 -.18 .69** –  

13. CV child care (during) .08 .38* .36* .39* .31 .28 .3 -.06 -.004 .02 -.01 .56** – 

Note. PLS AC = Preschool Language Scale, 5th ed., Auditory Comprehension subtest; PLS EC = Preschool Language Scale, 5th ed., Expressive Communication 

subtest; AWC = adult word count; CTC = child turn count; CV = child vocalizations. 

*p < .05, **p < .01 
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unadjusted hourly rates to predict raw scores, and age was left out of the model (see Tables 9 and 

10). Including child age in the model would inflate the association between the other predictor 

variables and the outcome since PLS-5 raw score is correlated with child age. The regression 

model (Model A) for this analysis is specified as:  

 

where 𝑌𝑃𝐿𝑆 is the value of participants’ predicted language ability (as measured by total raw score 

on the PLS-5) and the covariates represent LENA measures (AWC, CTC, and CV) in the home 

(H) and child care (C).  

A significant regression equation was found (F(6, 29) = 2.846, p < .03), with LENA 

measures at home and in child care predicting 37.1% of the variance in child language ability. All 

results are shown in Table 9. Collinearity statistics were acceptable with tolerance levels greater 

than .1 and variance inflation factors (VIF) less than 10. Child vocalizations in the home 

produced the only significant beta value (β = .658, t = 2.3 p = .03), but child vocalization in child 

care produced the next largest beta and was the only other covariate with a p-value less than .4 (β 

= .364, t = 1.48 p = .15) 

Table 9 

Regression Analysis Summary for LENA Measures Predicting Child Language Ability  

Predictors B (SE) β t p 

AWC home .01 (0.01) .16 0.52 .61 

AWC child care -.00 (0.01) -.09 -0.30 .76 

CTC home -.23 (0.28) -.34 -0.85 .40 

CTC child care -.19 (0.40) -.16 -0.48 .64 

CV home .09 (0.04) .66* 2.30 .03 

CV child care .09 (0.06) .36 1.48 .15 
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Note. R2 = .371 (N = 36, p = .026); AWC = adult word count; CTC = child turn count; CV = child 

vocalizations. 

*p < .05  

 

 

Given the significance of child vocalizations, I conducted two separate hierarchical 

multiple regressions (two steps each) to further explore the effects of child vocalization across 

settings on assessed language ability. For the first step (Model B1), I entered CV in the home as 

the only predictor of child raw score. The model is specified as: 

 

Again, a significant regression equation was found (F(1, 34) = 11.33, p = .002) with CV during 

home recordings explaining 25% of the variance in total raw scores (see Table 10).  

In the second step (Model B2), I added CV in home as a second predictor for child raw 

score to determine whether there is a cumulative effect of child vocalizations across settings on 

overall language ability. The model is specified as:  

 

Model B2 remained statistically significant overall (F(2, 33) = 7.782, p = .002), with child 

vocalizations during child care explaining an additional 7.1% of the variance; however, there was 

no significant change in the value of R2 (F(1, 33) = 3.426, p = .073) between this model and 

Model B1.  

In the second hierarchical multiple regression (see Table 10), I again entered the equation 

for Model B1 in the first step and entered the following model (Model B3) for the second step, 

specified as: 
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The purpose of Model B3 was to determine how much variance in child language ability can be 

predicted by the home environment. Child turn count in the home was left out of the model with 

the rationale that CTC explains much of the same variance as CV and AWC because of its 

correlation with these variables. Using two rather than three predictors also increased the degrees 

of freedom and provided more power for the analysis. Model B3 continued to be statistically 

significant (F(1, 33) = 5.7761, p = .007), but when compared to Model B1, there was no 

significant change in the value of R2 (F(1, 33) = .394, p = .534). The results of all models suggest 

that CV in the home has the greatest influence on child language ability when compared to other 

LENA measures.  

Table 10  

Hierarchical Regression Analysis Summaries for Child Vocalizations (Models B1 and B2) and 

Home LENA Measures (Models B1 and B3) Predicting Child Language Ability  

Model and predictors B (SE) β R2 ΔR2 ΔF p 

Model B1 

   CV home 

 

.07 (.02)* 

 

.50* 

.250    

Model B2 

   CV home    

   CV child care 

 

.07 (.02)* 

.07 (.04) 

 

 .48* 

.27 

.320 .071 3.43 .07 

Model B3 

   CV home 

   AWC home 

 

.07 (.02)* 

-.003 (.01) 

 

.51* 

-.10 

.259 .009 .39 .53 

Note. Change in R2 is based on comparisons with Model B1; p denotes significance of ΔF; AWC = adult 

word count; CTC = child turn count; CV = child vocalizations. 

*p < .05  
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Last, I examined standardized measures of child language ability (PLS-5 standard scores) 

to compare language setting (home and child care) with language performance while considering 

child age. I split the sample into two groups based on PLS-5 total language standard scores, with 

one group (referred to as children with low language) composed of seven children scoring more 

than one standard deviation below the mean, and the second group (referred to as children with 

normal language) including all other participants. A cut-off score of 85 was used since children 

with standard scores falling below one standard deviation from the mean are considered to have 

language skills outside of the range of normal. Table 11 presents descriptive statistics for these 

two groups with no large differences noted in gender or age.  
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Table 11  

Means and Standard Deviations for Children with Low and Normal Language Skills 

  Language group  

 Low (n = 7)  Normal (n = 30) 

Variable/Measure n (%) M (SD)  n (%) M (SD) 

Gender                                                    

   Male 3 (42.9%)  10 (33.3%)  

Age  32 (7.53)  29.07 (7.97) 

Home LENA recording     

 Hourly rate     

   Adult word count  611.50 (138.45)  804.82 (496.31) 

   Child turn count  17 (10.49)  29.38 (21.13) 

   Child vocalizations  108.56 (38.93)  162.49 (108.83) 

 Age-adjusted hourly rate     

   Adult word count  771.91 (20.62)  779.85 (22.20) 

   Child turn count  29.42 (5.08)  26.55 (7.35) 

   Child vocalizations  172.09 (50.43)  152.69 (54.28) 

Child Care LENA Recording     

 Hourly rate     

   Adult word count  854.73 (459.86)  747.08 (375.85) 

   Child turn count  21.89 (7.99)  20.26 (12.64) 

   Child vocalizations  125.21 (34.36)  123.92 (57.46) 

Age-adjusted hourly rate     

   Adult word count  745.75 (63.37)  744.47 (155.77) 

   Child turn count  19.75 (2.02)  20.52 (2.17) 

   Child vocalizations  123.97 (3.89)  122.47 (4.19) 

PLS-5 standard scores     

   Auditory comprehension  74 (11.26)  97.41 (16.87) 

   Expressive communication  77.71 (9.29)  94.97 (12.90) 

   Total language  74.29 (9.96)  95.76 (15.38) 

PLS-5 raw score     

   Auditory comprehension  26.86 (7.03)  31.97 (7.15) 

   Expressive communication  27.29 (6.73)  31.13 (6.27) 

   Total language  54.14 (13.48)  63.1 (13.19) 
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Figure 3. Mean hourly and age-adjusted hourly rates for AWC, CTC, and CV by language group (low or normal) across recording setting.
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When using unadjusted hourly rates, interaction effects were noted (See Figure 3) 

between language groups depending on setting across all LENA measures – where children with 

low language skills were exposed to more language and used more language in the child care 

setting and children with normal language skills had higher levels of AWC, CTC, and CV in the 

home environment. None of the differences, however, were considered statistically significant. 

When using age-adjusted values to compare home and child care across groups, all LENA 

measures were higher in the home setting. Significant differences between settings were noted 

with the age-adjusted values on the CTC measure where children with low language skills and 

children with normal language skills participated in more conversational turns in the home setting 

(p = .042 and p < .001, respectively). Marginal differences were noted between settings for 

children with low language skills on CV (p = 0.063) – again, children with low language skills 

used more vocalizations in the home. Table 12 shows hourly and age-adjusted comparisons 

between language group and setting. 

Table 12  

Paired Samples Wilcoxon Signed-Rank Test Comparing Home and Child Care Settings for 

Children with Low Language Skills 

 Hourly Age-adjusted 

Adult Word Count  0.176 0.090 

Child Turn Count 0.398 0.042* 

Child Vocalizations 0.499 0.063~ 

~p < 0.10, *p < 0.05 
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Chapter 5 – Discussion 

The purpose of this descriptive study was to examine the home and child care language 

environments of young children who are living in poverty. In the following section, I review the 

main findings from each of the three research questions, discuss study limitations, and provide 

suggestions for future research and policy related to child language use and learning in the home 

and child care settings. 

Comparing Current Sample to Norms 

The purpose of the first research question was to compare children in this sample to 

normative data for the three LENA measures of AWC, CTC, and CV. Results of this study mirror 

earlier studies with low-income samples and show significant differences in AWC and CTC when 

compared to norms. Unfortunately, these results were not unexpected given the abundance of 

evidence connecting poverty to lower levels of adult language use (Hart & Risley, 1995; Hoff, 

2003; Rowe, 2008). In contrast to earlier research, however, this study obtained a relatively high 

level of child vocalizations, given assumptions based on sample characteristics. In data presented 

here, CV rates were only slightly below the normative median despite significantly lower levels 

of AWC and CTC. Similarly, child participants had only slightly lower than average standard 

scores on the PLS-5. 

Lower levels of AWC in this sample may be explained by results of other studies 

showing that, on average, low-income families use proportionately more short, directive phrases 

with their children, and may not have as much time or energy to use language for more 

descriptive and interactive purposes (Hart & Risley, 1995; Hoff, 2006). Lower levels of CTC 
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must be explained by at least one communicative partner (adult or child) who is producing lower 

amounts of language. Other researchers have suggested that children with low language ability 

initiate fewer interactions and are also unable to maintain back-and-forth exchanges at the rate 

expected by their adult partners (Hoff & Naigles, 2002). In these cases, adults might try to initiate 

more interaction by drawing the child’s attention to different things in the environment in order to 

elicit a response (Vigil et al., 2005) – thus AWC would be high but CV would be low. Here, the 

data show the opposite relation (AWC is low and CV is high). It seems likely then, that children 

in this sample are talking and presumably attempting to initiate conversations, but that adults in 

their environment are not responding at similar levels. Building on the “serve and return” analogy 

suggested by Shonkoff and Bales (2011), children in this sample may be serving more than adults 

are returning.  

There are at least three possibilities that help explain why children in this sample are 

performing at age-appropriate levels despite having low amounts of language input with few 

opportunities to engage in communicative exchanges. One consideration is that the children in 

this sample are from a relatively wide age range with more representation of children in the 

younger ages. The gap in language performance that grows over time (Hart & Risley, 1995), 

therefore, a gap in this sample may not yet be detectable as a whole with the measures used in this 

study. A second possibility that accounts for higher levels of CV is that children in this sample 

may be talking to other children more frequently than they engage with adults. Shneidman, 

Arroyo, Levine, and Goldin-Meadow (2013) found greater variance accounted for in child 

language skill when they included input from multiple speakers (including older siblings) in the 

child’s home – instead of only including input from the primary caregiver. The likelihood that 
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child participants were talking to other children is supported by the fact that child care is child-

dense and more than three-quarters of families reported having at least two children. Last, this 

low-income, high-risk sample may be performing within the range of normal due to their 

participation in high-quality child care – where interactions in the child care setting may serve as 

a buffer to a lower-quality language environment in the home. This possibility was suggested by 

(Vernon-Feagans & Bratsch-Hines, 2013) and is explored in the second research question. 

Comparing Home and Child Care 

Two analyses were completed to respond to the second research question which 

described LENA measures in the home and child care. For the hour-by-hour comparisons (Figure 

1), child care recordings showed relatively consistent and rapid decreases across all LENA 

measures during scheduled nap times, whereas, amount of talk was higher and less varied in the 

afternoon of the home recording days. Differences in afternoon talk were especially prominent for 

CTC between the two settings – suggesting that most of the children in this study did not sleep in 

the afternoon on the home recording day, but instead, were taking part in conversations with 

adults in their environment. The patterns of talk identified in the home environment for this study 

are similar to findings by Greenwood et al. (2010) where they identified a circadian rhythm of 

talk throughout the recording day – linking daily routines to talking patterns. Except that, in the 

Greenwood study (which used a slightly more-educated sample), the lowest amount of adult 

words in the home occurred two hours earlier in the day (around noon) than was the case in the 

current investigation. Results of this study add to Greenwood and colleagues’ findings and 

provide the first hour-by-hour comparison of home and child care LENA data. More research is 

needed, however, to understand how sleep-wake patterns affect language learning overall. 
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Comparisons of average rates for LENA measures across home and child care also 

yielded interesting differences between settings (Figure 2). Child care (during) had the lowest 

average rates of child language exposure (AWC), interaction (CTC) and use (CV). When 

compared to time spent in the home environment (child language (outside) and home), children in 

this study participated in significantly fewer conversations and used significantly fewer 

vocalizations in child care. Although child care recordings cannot be directly compared to 

normative data, these results suggest that rates of child-adult interaction already considered to be 

below average in the home environment (compared to norms) are even lower in the child care 

setting. Furthermore, child vocalizations – a relative strength of the home language environment 

– are significantly different in child care where children are using less language. Contrary to 

results of the Vernon-Feagans et al. (2013) analyses, the results of this study do not suggest child 

care is providing an enhanced language environment for the children in this low-income sample.  

Relation between Language Skill and Language Environment  

The purpose of the last research question was to determine if home or child care language 

environment is related to child language skills. Results of correlations showed separate relations 

between AWC-CTC and CV-CTC but no direct relation between adult talk and child talk (AWC 

and CV). There were also no relations across settings for the same LENA measure. For example, 

the amount of language a child used in the home setting was not related to the amount of 

language the same child used in child care. Child vocalizations, however, were related to child 

language ability, and all regression models using CV in the home to predict language ability (as 

measured on the PLS-5) were significant – with CV in the home consistently predicting the 

largest amount of variance in the models. Splitting the sample by language skill level (low-
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performers and those in the normal range) did not result in any significant differences by 

language group. Instead, both groups performed better and received more language input in the 

home setting. The rate of CTC in the home setting was significantly higher than child care for 

both groups suggesting higher levels of interaction in the home regardless of language ability, and 

no evidence that the home or child care environment is better suited for children with language 

delays when compared to their typically-developing peers.  

This study, and other studies using LENA with low-income populations (i.e., Greenwood 

et al., 2010) did not find a relation between adult word use and child language use – despite 

previous research demonstrating a connection between the two (i.e., Huttenlocher, Haight, Bryk, 

Seltzer, & Lyons, 1991). Hirsh-Pasek and colleagues (2015) suggested the importance of 

qualitative measures stating that it is not only the amount of adult talk that affects child language 

use, but the conversational duet between child and caregiver that plays a more prominent role in 

predicting language ability. Although LENA provides frequency counts and thus, quantitative 

data, the level of adult responsiveness – a qualitative construct associated with child language 

development  (Tamis-LeMonda et al., 2001) – may be measured in the form of CTC.  

When adults produce temporally contingent responses to child language, children are 

more likely to learn words (Tamis-LeMonda et al., 2014). It might be expected, then, that CTC 

would be a predictor of child language ability; however, results of the regression, suggest that 

individual child vocalizations were the only LENA measure predictive of concurrent language 

skill in this sample. The role of the child in linguistic interactions needs additional exploration. 

Perhaps children who are using more language are verbally vying for adult attention, persisting in 

their interactions to draw adults into their conversations, and capable of taking away the 
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necessary linguistic information to maintain language skills that are commensurate with their 

peers – or, as mentioned above, child-to-child communication interactions may be playing a role 

in child language development. 

Conclusion 

This study adds to the evidence base by providing additional knowledge about child 

language environment for young children who are living in poverty, and is one of the first studies 

to explore the relation between home and child care over the course of two full days by using 

LENA technology. Although LENA has not yet been rigorously tested in child care settings, this 

study adds to recent literature using LENA in preschool and early care settings, and provides 

evidence that this technology can be used effectively with low-income families to measure 

language environment outside of the home.  

It is encouraging to see that children in this study, on average, are performing within the 

range of normal on standardized language measures and are producing child vocalizations at a 

level similar to their peers in the home environment. Despite these findings, children in this study 

are receiving less language input and have fewer opportunities to participate in adult-child 

communicative exchanges – factors that are likely to create gaps between this group and more 

advantaged peers as time goes on. Unfortunately, child care is not providing higher levels of 

language input for this group. Before providing suggestions for future research that can help 

researchers and practitioners understand these relations, and interventions that may help improve 

early language environments, I will describe some of the limitations to this study. 
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Limitations. There are some important limitations to this study that should be 

considered along with the abovementioned results. First, there are limitations to the 

generalizability of study results based on how families were recruited for participation. 

Recruitment sites were selected based on having a high proportion of families who received child 

care subsidies; however, no income limits were placed on individual participants’ family income, 

and some families reported income and education levels closer to regional medians (e.g., two 

primary caregivers in the study reported having obtained a Master’s degree). Similarly, all 

families with children who met the study age requirements were invited to participate, but only 

those with consent were included. These self-selecting families may have differed from the larger 

population in ways that affected adult language use. For example, families who agreed to 

participate may have been more interested in learning about their child’s communication because 

their child had strong or weak language skills – potentially missing families with children who 

were performing in the middle range. As a result, conservative inferences can be drawn to 

families who agree to participate in studies like this and who enroll their children in high-poverty 

settings regardless of individual family income. Additional research may extend, or help fine-

tune, generalizability of study results.  

This study was also underpowered and may not have allowed for detection of additional 

significant relations among variables. For example, child vocalizations in the child care had a 

relatively low p value compared to other predictors for child language skill. A sample with 

adequate power could determine if there is a significant effect of this variable on child language 

skills. Similarly, studies that include more classrooms and child care staff could reliably explore 

relations between child care provider income and education with language environment and 
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related child outcomes – analyses that were not possible with this undersized sample. This 

descriptive study also shares limitations with all descriptive studies in that causal conclusions 

cannot be drawn. 

There are three additional limitations related to the LENA data that were collected in this 

study. Although the study provides a more extensive look at a child’s natural language 

environment than earlier research, it is still limited by only having one recording in each setting. 

Future efforts may increase the number of recordings conducted in a short interval to increase 

reliability of results, and could also collect recordings longitudinally to explore developmental 

trends. The study data are also limited because I did not listen to recordings, thus preventing 

broader data-based conclusions. Last, although LENA technology has been validated in other 

languages (e.g., Spanish), this study was conducted only with families who used English as the 

primary home language. 

Implications and future directions. There are important implications for research, 

policy, and practice based on the findings in this study. Primarily, I suggest that researchers 

continue using LENA and other innovative measures that can easily capture estimates of 

caregiver-child language in the natural environment – the preferred observation setting for parent-

child interaction (Gardner, 2000). Measurement tools, such as LENA, provide a much needed 

advance in research describing child language development as they are also capable of recording 

interaction across an extended period of time without additional burden for analysis (Greenwood 

et al., 2010). Unlike many earlier studies which use brief interactions – sometimes as short as 10 

min (Tamis-LeMonda et al., 2001), and often in clinical settings or with researcher-provided 

materials (e.g., Girolametto, Weitzman, Wiigs, & Pearce, 1999). Extended observations with 
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LENA may provide a more accurate picture of adult-child language interactions; however, this 

suggestion needs empirical study. 

As research with new measures continues, it will also be useful to compare the outcomes 

identified on updated measures to older tools that have previously been used to describe 

caregiver-child interactions in order to more reliably compare results across studies. Perhaps 

increased use of wearable technology will bring additional acceptance for research using 

wearable recorders and allow for more studies to recruit participants who are willing to consent to 

having their recordings listened to. Future technological advances may also allow for additions to 

automatic speech recognition devices so that additional multimodal components (see Tamis-

LeMonda, Kuchirko, & Song, 2014) of social-linguistic interactions can be documented (e.g., 

prosody, gestures, joint attention, etc.). As research comparing the home and child care setting 

increases, it will be important to develop norms and validity standards for recording and 

analyzing data across settings – for example, setting standards on the way in which sleeping time 

is figured into data analysis. Currently, studies examining language development use a variety of 

methods such as truncating observations across participants to standardize duration (e.g., Warren 

et al., 2010), or allowing individual participant data to vary in length without correction for 

analysis suggesting that, “these [differences in interaction length during observation] reflect real 

differences in children’s conversational experiences” (Hoff & Naigles, 2002, p. 424). 

In addition to the need for research to advance technology, researchers and practitioners 

would benefit from having more information about quality in child care settings. State-

implemented quality rating and improvement systems (QRIS) provide an important step in 

documenting quality indicators within child care. Given that all centers in this study received the 
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highest available QRIS rating and still performed lower on LENA measures than substandard 

home environments, it seems evident that rigorous evaluations of QRIS criteria are needed to 

determine how caregiver-child language interactions are represented in child care scores.  

Last, I suggest that research and intervention related to early language development 

continue to focus on increasing caregiver-child interactions – including studies that explore the 

role of the child in these interactions. As in this study, future studies and interventions aimed at 

improving early language development should also include both parental and non-parental 

caregivers who regularly contribute to a child’s language interactions. Roberts and Kaiser (2011) 

suggest that parents are capable of learning language support strategies (e.g., Enhanced Milieu 

Teaching), and that they are also able to improve child language skills when provided with 

support in using new skills (Roberts, Kaiser, Wolfe, Bryant, & Spidalieri, 2014). Professionals 

working in education settings are also more likely to follow-through with implementation of best-

practices when provided with opportunities for practice and feedback and collegial support (Joyce 

& Showers, 2002). Most intervention to this point has been conducted with middle-class families 

(Roberts & Kaiser, 2011). Future endeavors should focus on effective strategies for economically 

and culturally diverse families and child care providers to ensure that children in these 

environments do not fall behind their peers in language performance.  

Conducting additional studies with large, diverse populations, and using efficient 

measurement tools across settings, will allow for a greater understanding of predictors associated 

with language development outcomes in young children. By exploring additional predictors 

important to child language development, researchers will develop a deeper understanding of the 

processes that contribute to language acquisition, and can then design interventions to act on 
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specific environmental predictors that influence later achievement. With effective interventions, 

child language outcomes will improve and all children will have an opportunity to develop the 

skills needed to achieve in later academics and life. 
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