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Background: Prior data has shown that the home environment impacts child development; however, there 
remains a paucity of research on how the home environment relates to child and adult words. Therefore, 
the aim of this prospective and quantitative study was to examine the relationship between the home 
environment and the quantity of vocalizations or words, and conversational turns produced by infants and 
parents at 3 and 12 months of age.
Methods: Seventy-two (56% male) full-term infants were assessed at 3 and 12 months of age. The home 
environment was assessed in person via interview and observation of the child’s home using the Infant-
Toddler Home Observation for Measurement of the Environment (IT-HOME) Inventory subscales. 
Vocalizations were measured using the Language Environment Analysis (LENA) device, which measures 
the adult word count, child vocalization count and conversational turn count. These measures were then 
averaged for the most voluble, or vocal hour, in the recording period.
Results: At 3 months, IT-HOME Learning Materials scores were significantly associated with a decrease 
in adult words. We found a statistically significant difference in LENA outcomes between 3 and 12 months 
when stratified by sex. Specifically, male infants had significantly fewer vocalizations at 12 months when 
compared to 3 months, whereas females had more vocalizations. There was also a statistically significant 
difference in IT-HOME Learning Materials, Organization, Responsivity, and Total scores when comparing 3- 
and 12-month time points. 
Conclusions: These findings reveal that the home environment changes significantly over the first year 
of life. At 3 months, Learning Materials in the home were related to adult words, while between 3 and 12 
months, several aspects of the home significantly changed. Male children had reduced vocalizations between 
3 and 12 months; whereas, female children had increased vocalizations during the same time points. Future 
research should focus on examining these outcomes with multiple measures, time points, and patient 
populations. 
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Introduction

Vocalizations can be observed early in infancy and continue 
to develop throughout the first years of life (1). In fact, 
this development begins, in utero, where the fetus can 
discern and react to different sounds and languages (2,3). 
By 6 months, infants appear to understand that their 
vocalizations have social value and may be used to elicit 
interactive responses (4). These interactive responses are 
from caregivers and often take the form of infant directed 
speech, characterized by the utilization of short, simple 
phrases, slower speed of speaking, and varied pitch, among 
other traits, and maternal responsiveness which influence 
infant vocalizations (5-11). Parents and developmental 
specialists also participate in auditory bombardment 
in which they label items in their infant’s environment 
repeatedly, to bolster receptive and expressive language and 
to increase vocalizations (12). In addition to labeling items 
in the child’s environment, contingent adult feedback can 
rapidly restructure infant babbling due to infants’ use of 
social feedback (13), and in this back and forth exchange 
infants learn new vocal forms by discovering patterns in 
their mothers’ speech (14). This early exposure of language 
is important and has been found to peak early on in infancy 
at around 6 months of age (15), and, as a result, can be 
affected by stimuli in the infant’s home environment. 

One way in which researchers have measured the 
vocal exposure that a child has is by measuring adult 
word count, conversational turn count and infant/child 
vocalizations across various contexts. In a study with 36 
preterm infants, adult word counts, infant vocalizations, and 
conversational turns were analyzed from recordings of the 
infant environment in the neonatal intensive care unit (16).  
This study found that exposure to parental talk was a 
significant predictor of infant vocalizations at 32 weeks and 
conversational turns at 32- and 36-week gestation. Further, 
Brookman and colleagues found recordings of mothers 
diagnosed with depression or anxiety and/or elevated 
symptoms contained fewer mother–infant conversational 
turns and infant vocalizations at 6 and 12 months of age in 
the home environment compared to a control group (17). 
Toys in the environment have also been shown to alter 
infants’ vocalizations; Harold & Barlow [2013] showed 
that 6- to 8-month infants vocalized the least when they 
were watching videos or interacting with an adult, and 
vocalized the most when playing with large toys (18). A 
2018 study examined both conversational turn count and 
adult word count and found significant correlation between 

conversational turn count at 18 to 24 months of age and IQ, 
verbal comprehension, and receptive/expressive vocabulary 
scores 10 years later. These speech and language inputs in 
the form of greater adult-child conversational experience 
is associated with more coherent white matter connectivity 
in the brain, suggesting that conversational turn count may 
influence cognitive developmental outcomes early on (19). 
Taken together, it is clear that caregiver interactions and the 
environment are essential for vocalization development (18).

Early environmental stimuli are the foundation for 
subsequent learning (20,21). Because of this, many 
researchers have examined the connections between 
early environmental stimuli (home, toys, materials) and 
developmental outcomes (22-26). More specifically, 
researchers have used the Affordances in the Home 
Environment for Motor Development – Infant Scale 
(AHEMD-IS), in relation to infants’ motor and cognition 
(22,23) .  These studies  found s ignif icant posit ive 
relationships between home environmental factors, such as 
the number of indoor and outdoor spaces, physical space, 
fine-motor toys, gross-motor toys, and play materials, 
and fine motor (22) and cognitive scores (23). Another 
widely used scale to assess the home environment is the 
Home Observation for Measurement of the Environment 
(HOME). The HOME measurement tool is used to assess 
the home environment as it pertains to toys, play materials, 
parental interaction with children as well as familial habits 
and patterns (27,28) and has been validated in several 
cultural contexts and internationally (27,29-33). This tool 
has been utilized to understand how the home environment 
relates to parental attachment, cognitive development, 
and educational performance (27,31,34,35). Further, 
Elardo, Bradley, and Caldwell [1977] used the HOME 
longitudinally between 6 months and 3 years to examine 
relations between the home environment and language 
development using the Illinois Test of Psycholinguistic 
Abilities. They found that the HOME subscales of 
Responsivity, Play Materials, and Maternal Involvement at 
6 and 24 months all related to child’s auditory reception, 
auditory association, visual association, and grammatical 
closure at age three (35).

Therefore, it is critical to further understand the role of 
the home environment in relation to vocal development. 
Specifically, the aims of the present study were to examine 
the relationship between the home environment, as 
measured by the Infant-Toddler Home Observation for 
Measurement of the Environment (IT-HOME) Inventory 
subscales, and the quantity of vocalizations produced by 
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infants and parents, as measured by Language Environment 
Analysis (LENA) at 3 and at 12 months of age, respectively. 
Given the results of Elardo, Bradley, and Caldwell [1977] 
linking the IT-HOME subscales to communication 
outcomes, we hypothesized families with higher IT-HOME 
subscale and total scores would have increased quantities 
of vocalizations for infants and words for adults within the 
environment. We also aimed to determine how the IT-
HOME and vocalizations change between 3 and 12 months, 
and if there were sex differences driving these changes. We 
hypothesized that the IT-HOME would significantly change 
over time as the infants develop and that there would be 
significant increases in vocalizations across time points. We 
also predicted that males would be less vocal than females 
at both time points. Lastly, for the relationship between 
the IT-HOME and vocalizations, we predicted that infants 
with higher scores on the IT-HOME subscales would have 
more child vocalization counts (CVC), adult word counts 
(AWC), and conversational turn counts (CTC) at each 
time point. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
pm.amegroups.com/article/view/10.21037/pm-21-53/rc).

Methods 

Design

We used a prospective, quantitative design with self-report 
and objective measures. This study was conducted in 
accordance with the Declaration of Helsinki. The study was 
approved by institutional review board at our institution 
(No. 17-08-19) and informed consent was attained from all 
parents for themselves and their infants to participate. 

Sample

The data for the present study were collected as part 
of a larger study examining sucking, feeding and vocal 
development at 3 and 12 months of age in the Greater 
Boston Area. Participants were recruited through word of 
mouth, Facebook groups, and flyer distribution. Caregivers 
consented on behalf of their infants and were compensated 
with an Amazon gift card for their participation. The 
current study included only full-term infants at 3 months of 
age and 12 months of age. Infants who were preterm or had 
reported chromosomal and/or congenital anomalies were 
excluded.

This study consisted of 72 infants (55.6% male, 44.4% 

female) with a mean age of 91.6 days at 3 months (Table 1).  
Of the 72 infants, 55 (54.6% male, 45.5% female) 
completed the 12-month assessment with a mean age of  
363 days. Parental education was originally categorized 
by six groups but was reduced to 2 categories to improve 
model fit [less than high school education (ed.): 0 
individuals, high school ed.: 0, some undergraduate ed.: 6, 
undergraduate degree: 13, some graduate ed.: 1, graduate 
degree: 52]. The demographic comparison between infants 
with recorded measurements at 3 months were comparable 
to those infants with measurements recorded at 12 months. 
Descriptive statistics on the median and interquartile ranges 
for both child vocalizations and adult words, as well as 
conversational turns for participants enrolled in our study at 
3 months and at 12 months are seen in Figures 1-3.

Study procedure

To conduct the study visit, researchers arrived at the infant’s 
home approximately one hour before the infant’s scheduled 
feed, as determined by the caregiver. Researchers completed 
the IT-HOME through both observation and interview. At 
the end of the study visit, the researchers set up the LENA 
system to stay with the child throughout the recording 
period. A few days after the study visit, the researcher 
returned to the participant’s home to collect the LENA 
system.

Measurements

Infant/Toddler HOME inventory
The IT-HOME is a 45-item checklist that evaluates the 
home environment of infants and toddlers from birth to 
three years of age (36). The questionnaire requires the 
researcher to complete a combination of interview and 
observation-based questions with some questions having 
both interview and observation options for completion (29).  
The IT-HOME was conducted at both 3- and 12-month 
timepoints for the purposes of this study. There are 
six subscales included in the IT-HOME assessment: 
Responsivity, Acceptance, Organization, Learning 
Materials, Involvement, and Variety of Daily Stimulation. 
A total score is calculated by summing each domain score  
(29,36). Responsivity asks questions surrounding positive 
parental engagement and attachment to their infant as 
shown during the visit. Acceptance primarily includes 
questions around parental disciplinary approaches. 
Organization includes information about the infant or 

https://pm.amegroups.com/article/view/10.21037/pm-21-53/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-53/rc
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Table 1 Description of study participants

Variables 3 months 12 months

N (%) 72 (100.0) 55 (76.4)

Male/female, n (%) 40 (55.6)/32 (44.4) 30 (54.6)/25 (45.5)

At least one sibling (yes/no), n (%) 36 (50.0)/36 (50.0) 29 (52.7)/26 (47.3)

Parent has at least a graduate degree (yes/no) , n (%) 53 (73.6)/19 (26.4) 42 (76.4)/13 (23.6)

Parent ethnicity (parent 1/parent 2), n (%)

White 59 (81.9)/57 (79.2) 43 (78.2)/43 (78.2)

African American 1 (1.4)/2 (2.8) 1 (1.8)/2 (3.6)

Asian 10 (13.9)/9 (12.5) 10 (18.2)/9 (16.4)

Hispanic/Latino 1 (1.4)/2 (2.8) 1 (1.8)/1 (1.8)

Missing 1 (1.4)/2 (2.8) –/–

Primary language at home is English (yes/no), n (%) 64 (88.9)/8 (11.1) 46 (83.6)/9 (16.4)

Parental marital status, n (%)

Married 70 (97.2) 53 (96.4)

Partner 2 (2.8) 2 (3.6)

Other family members at home, n (%)

None 68 (94.4) 50 (90.9)

Nanny/Au pair 1 (1.4) –

More than one other adult 3 (4.2) 2 (3.6)

Missing – 3 (5.5)

Average age at testing, days (SD) 91.6 (8.83) 363 (7.59)

Average HOME total (SD) 39.4 (3.18) 42.4 (2.35)

Average child voc. (SD) 3.25 (1.52) 3.37 (1.49)

Average adult words (SD) 34.2 (21.2) 31.8 (19.9)

Average CTC (SD) 0.98 (0.71) 0.99 (0.67)

HOME, Home Observation for Measurement of the Environment; CTC, conversational turn counts.

child’s activities outside of the infant’s home and parents, 
specifically discussing childcare and how often the infant 
leaves the home. Learning Materials focuses on the 
presence of certain toys and play materials in the home. 
Involvement describes the parents’ interaction with the 
infant during play and while working in the home. Lastly, 
Variety involves questions of how often the infant or child is 
read to, as well as the interaction of the infant or child with 
both parents present in the home. 

Language Environment Analysis (LENA) system
The LENA System enables the automated analysis of 

language recordings, collected from an infant wearing the 
LENA Digital Language Processor (DLP), and analyzed 
using LENA Pro Software (37,38). The LENA DLP is a 
small (~3×2 inches), light-weight recording device, worn 
by the infant in a specialized vest that records the infant’s 
language environment for up to 16 hours (37,39) and can 
distinguish between the key child and other children as 
well as adults, competing sounds including TV and other 
electronic devices, and distant and overlapping speech 
(39,40). At the end of the study visit, a researcher powered 
on the LENA DLP and placed it in a specialized pocket at 
the front of the LENA vest, located on the infant’s chest.
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Parents had the option to start the LENA recording 
the day of the study or the next day. This was typically 
determined by their preference and the time that the study 
took place (e.g., 10 am vs. 4 pm). Parents who preferred to 
start the recording a different day powered on the LENA 
themselves on a day following the study visit. Researchers 
instructed parents to keep a time log denoting their 
actives during the study and that the LENA vest should be 
removed for particular activities (e.g., car seat, bath time, or 
sleep). A few days following the recording, the researchers 
retrieved the LENA device and vest at the infant’s home 
and returned it to the laboratory where it was uploaded to 
LENA Pro software for analysis.

In the present study, only data from the hours in which 

the infant was awake were analyzed. To determine this, 
researchers referenced the time log provided to parents to 
complete during in-home visits and any hour containing 
only a sleeping activity (i.e., nap or sleep), was excluded. If 
parents noted both a sleeping and awake activity, infants 
had to have at least 5 vocalizations within the hour to count 
as an awake hour. In addition, any hour that contained less 
than 5 vocalizations was excluded from the analysis. After 
the child slept for the night, based on time log report, 
hours beyond that point were excluded from the analysis. 
Infants without data in their time log were excluded from 
the analysis along with infants who did not have at least  
4 hours of awake activities recorded in their time logs. Each 
infant’s recording varied in duration, and though most 
infant recordings took place from the morning through the 
afternoon until the infant slept for the night, activities that 
infants completed varied across recordings based on their 
family’s preferred activities for the day. Therefore, while all 
infant recordings included feeding sessions, most recordings 
also included play sessions and likely included bath times 
and story times though the number of each varied between 
participants.

After determining the infant’s waking hours, a full output 
of the infant’s LENA data was exported in 5-min intervals 
using LENA Pro Software and the infant’s most voluble 
hour, which is the hour the infant produced the most 
vocalizations, was identified by utilizing the composite view 
in LENA Pro Software. This measure has been utilized 
in past work from our lab (41) as well as in work by Iyer, 
Denson, Lazar, and Oller (42). The following averaged 
output measures were then calculated using data from the 
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Figure 1 Box and whisker plots of Language Environment 
Analysis (LENA) outcome average child vocalizations at 3 months 
of age (red) and 12 months of age (blue).

Figure 2 Box and whisker plots of Language Environment 
Analysis (LENA) outcome average adult words at 3 months of age 
(red) and 12 months of age (blue). 
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Figure 3 Box and whisker plots of Language Environment 
Analysis (LENA) outcomes conversational turn at 3 months of age 
(red) and 12 months of age (blue).
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infant’s most voluble hour: child vocalizations count, adult 
word counts, and conversational turn counts. Specifically, 
the raw counts exported from the LENA Pro software for 
CVC, AWC, and CTC that fell within the most voluble 
hour were summed and then averaged per minute by 
dividing the sum by 60 min. These values were then utilized 
for the present analysis. CVC is defined as the number of 
vocalizations by the infant in a given period of time, while 
AWC is the number of words spoken by an adult in a given 
period of time (9). CTC is the number of back-and-forth 
alternations between a child and an adult in a given period 
of time (9). Further, as recordings were performed for varied 
lengths of time, utilizing the most voluble hour enabled 
all infants to be compared while controlling for recording 
length differences as well as was the best representation 
of the child’s most vocal period thereby assessing the 
most vocal time-period. This method was used in a prior 
study from our lab examining vocal outcomes (41). Prior 
studies have reported that LENA outcome measurements 
from shorter periods of time attained from longer LENA 
recordings is similar to automated LENA outputs for these 
periods (43,44). Average length of LENA recordings for the 
sample was 12.51 h at 3 months and 14.29 h at 12 months. 
Average length of LENA recording during which the infant 
was awake was 7.14 h at 3 months and 8.35 h at 12 months. 
The duration of each infant’s LENA recordings can be 
found in Table S1.

Data analysis

Infant measurements were recorded at 3 months of age and 
then again at 12 months. All infants who met the inclusion 
criteria were included for analysis. Due to the COVID-19 
pandemic, not all infants had measurements recorded at 
the 12-month time point. For this analysis we ran a series 
of multivariate multiple regressions where coefficients 
were selected based on multivariate test statistics. Reduced 
models were then compared to full models with linear 
hypothesis testing to verify there were no changes in model 
fit. Analyses were completed at both 3- and 12-month time 
points as well as a difference between the two. We then 
completed a series of multiple pairwise comparisons (with 
appropriate correction) to check for statistically significant 
differences in IT-HOME scoring materials for those infants 
who completed both 3- and 12-month visits. 

Specif ical ly,  we f irst  sought to understand the 
relationship between the home environment (as measured 
by the IT-HOME subscales) and quantity of vocalizations 

produced by infants and parents (as measured by LENA) 
at 3 and 12 months as well as the difference between these 
two time points. Four models were considered: 3-month 
HOME scores were used to predict 3-month LENA scores, 
12-month HOME scores predicted 12-month LENA 
scores, the change (from 3 to 12 months) in HOME scores 
were used to predict the change in LENA scores, and the 
change in HOME scores predicted 12-month LENA scores. 
All models controlled for possible confounding by sex and 
parental education as supported by prior studies (45-48). 
Other covariates including parental: ethnicity, employment, 
marital status, and primary language spoken at home were 
considered however were excluded from the analysis given 
the lack of diversity in participant responses; we address this 
limitation further in our discussion. Statistical analyses were 
completed using the software package R, version 4.0.2.

Results

At 3 months, there was a jointly statistically significant 
association between LENA scores and IT-HOME Learning 
Materials, F(3, 52)=3.16, P<0.05 and IT-HOME Involvement 
measurements, F(3, 52)=4.12, P<0.05. Linear hypothesis 
testing confirmed a model including only IT-HOME 
Learning Materials and IT-HOME Involvement fit just 
as well as a model including all IT-HOME measurements 
as well as with the inclusion of infant sex and parental 
education, Pillai’s Trace =0.34, F=1.13, df = [18, 162], 
P=0.32. Statistically significant results from the multivariate 
regression model report a 1 unit increase in IT-HOME 
Learning Materials results on average in a 4.99 score 
decrease in Average Adult Word scores at 3 months while 
holding IT-HOME Involvement scores constant (Table 2). 
Further, emerging significant results from the multivariate 
regression model report a 1 unit increase in IT-HOME 
Involvement results in an 8.22 score increase on average 
in Average Adult Word scores at 3 months while holding 
IT-HOME Involvement scores constant (P=0.06). There 
were no statistically significant associations between LENA 
scores and IT-HOME measurements at 12 months while 
controlling for parental education and infant sex.

In total, 63 infants had one LENA measurement 
taken at 3 months of age while 48 infants had one LENA 
measurement taken at 12 months of age. At 3 months, 
during the most voluble hour, 30.16% of infants were 
reported as playing, 22.22% were reported as feeding or 
eating, 3.17% were reported as being outside of the home, 
36.51% were reported as completing more than one activity, 

https://cdn.amegroups.cn/static/public/PM-2020-NFDI-07-supplementary.pdf
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and 7.94% did not report an activity. At 12 months, 41.67% 
of infants were reported as playing, 14.58% were feeding 
or eating, 10.42% were out of the home, and 33.33% 
completed more than 1 activity. Between 3 and 12 months, 
the ratio of infant vocalizations to adult words at each 
timepoint was calculated. At 3 months, the average ratio 
of infant vocalizations to adult words was 0.13 (SD =0.10), 
while at 12 months, average ratio of infant vocalizations 
to adult words was 0.22 (SD =0.32). The ratio of each 
infant’s vocalizations to adult words for each timepoint 
can be found in Table S2. For the difference between  
12 and 3 months, there was a jointly statistically significant 
association between the change in LENA scores when 
comparing males to females, F(3, 34)=4.07, P<0.05. Linear 
hypothesis testing confirmed a model including only infant 
sex fit just as well as including all IT-HOME measurements 
as well as parental education, Pillai’s Trace =0.37, F=0.72, df 
= [21, 108], P=0.81. Statistically significant results from the 
multivariate regression model report on average, males have 
a 0.72-point decrease in vocalizations from 3 to 12 months 
and females have a 0.88-point increase; more specifically, 
the difference in Child vocalizations (from 12 to 3 months) 
is 1.60 lower for males when compared to females (Table 3, 
Figure 4). There were no statistically significant associations 
between LENA scores at 12 months and the change in 
IT-HOME measurements from 3 to 12 months while 
controlling for parental education and infant sex.

When examining differences in IT-HOME scoring 

materials between 12 and 3 months (for only those 
participants with both a 3- and 12-month visit), statistically 
significant differences were observed for: Learning 
Materials t(54)=7.87, P<0.005, Organization t(54)=3.94, 
P<0.005, Responsivity t(54)=5.15, P<0.005, and Total 
t(54)=7.45, P<0.005 scores (Table 4, Figure 5). There were 
no statistically significant differences in any change in IT-
HOME scores between participants when classified by 
infant sex or parental education.

Discussion

This study aimed to determine the relationship between 
the home environment and the amount of infant and 
parent vocalizations within the first year of life. Results 
revealed that aspects of the home environment are only 
related to the quantity of vocalizations at 3 months while 
no associations were seen at 12 months. IT-HOME scores 
changed significantly between 3 and 12 months, but the 
quantity of vocalizations did not. However, there were sex 
differences evident in the association of the quantity of 
infant vocalizations between 3 and 12 months. This is the 
first time that the IT-HOME has been examined in relation 
to infant vocalizations.

IT-HOME and vocalizations at 3 months

Infants whose homes were rated with higher IT-HOME 

Table 2 Multivariate regression coefficients (95% CI) when regressing LENA scores at 3 months on IT-HOME Learning and IT-HOME 
Involvement at 3 months

Variables Average child vocalizations Average adult words Average CTC

Intercept 4.71* (1.52, 7.89) 26.8 (−14.6, 68.2) 0.17 (−1.29, 1.64)

IT-HOME Learning 0.037 (−0.21, 0.28) −4.99* (−8.2, −1.8) −0.068 (−0.18, 0.04)

IT-HOME Involvement −0.33 (−0.99, 0.33) 8.22 (−0.33, 16.8) 0.25 (−0.05, 0.55)

Asterisks denote regression coefficient is statistically significance at the 0.05 level. IT-HOME, Infant-Toddler Home Observation for 
Measurement of the Environment; LENA, Language Environment Analysis; CTC, conversational turn counts.

Table 3 Multivariate regression coefficients (95% CI) when regressing the change in LENA scores (from 12 to 3 months) months on infant sex

Variables Change in average child vocalizations Change in average adult words Change in average CTC

Intercept 0.88* (0.11, 1.65) −7.97 (−20.9, 4.93) 0.11 (−0.32, 0.54)

Sex −1.60* (−2.63, −0.57) 7.50 (−9.81, 24.8) −0.36 (−0.94, 0.22)

Asterisks denote regression coefficient are statistically significance at the 0.05 level. LENA, Language Environment Analysis; CTC, 
conversational turn counts.

https://cdn.amegroups.cn/static/public/PM-2020-NFDI-07-supplementary.pdf
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Learning Materials scores, had significantly fewer adult 
words, at the 3-month time point. The Learning Materials 
subsection includes items such as evaluating the presence 
of “Muscle activity toys or equipment” and the presence 
of “Complex eye-hand coordination toys”. These results 
might suggest that parents who provided a wider variety of 

toys for their infants spoke fewer words around their infant 
in the home environment. This was not consistent with 
our hypothesis as we predicted higher scores on the IT-
HOME subscales would be related to more vocalizations. 
These findings may indicate that the more toy variety in 
the infant’s environment, the less parents may be vocalizing. 
This may be because the parents are more reliant on the 
toys in their environment for infant engagement or simply 
because of the nature of the toys themselves. In the present 
study, we collected data on several toy types (e.g., muscle 
activity toys, hand-eye coordination toys, etc.) included 
within the home environment through the IT-HOME; 
however, more data on the type and frequency of toy 
play would be beneficial in future studies. Prior literature 
suggests a link between toy type and parental engagement 
(49,50). For instance, Sosa [2016] found parents vocalized 
least with infants when utilizing electronic toys with 
infants and that parental vocalizations increased with the 
use of traditional toys and books. Another study of 9 and 
12 month old infants examined parent-child interactions 
with toys and found that parents were more vocal in their 
interaction with infants when playing with traditional toys 
(e.g., no sounds, music, or electronic capability) compared 
to toys that offered those features (49). More data is needed 
to further explore the relation between specific toy types 
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Figure 4 Box and whisker plots of change in Language Environment Analysis (LENA) child vocalizations, adult words, and conversational 
turns per the most voluble hour for males (blue) and females (red) between 3 and 12 months.

Table 4 Average IT-HOME Learning Material scores (SD) at 3 
and 12 months for those participants with both a 3- and 12-month 
visit IT-HOME score

Variables 3 months 12 months

N 55 55

IT-HOME Acceptance 7.29 (0.60) 7.31 (0.92)

IT-HOME Involvement 5.15 (0.65) 5.35 (0.58)

IT-HOME Learning Materials 6.89 (1.75)* 8.75 (0.58)

IT-HOME Organization 5.09 (0.78)* 5.51 (0.57)

IT-HOME Responsivity 10.2 (1.02)* 10.8 (0.56)

IT-HOME Variety 4.67 (0.64) 4.67 (0.61)

IT-HOME Total 39.3 (3.4)* 42.4 (2.35)

Statistical significance (at the 0.05 level, with multiple testing 
correction) denoted with an asterisk (*). IT-HOME, Infant-Toddler 
Home Observation for Measurement of the Environment.
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used in the home and the number of adult words, during 
several different time points in infancy.

There were emerging trends towards significance 
between scores on the IT-HOME involvement subscale 
and the quantity of adult words. Though these results 
did not achieve statistical significance, we acknowledge 
the practical importance of these findings in that we 
would expect a positive relationship between IT-HOME 
involvement and adult words. This notion is consistent 
with prior literature suggesting that increased parent-
child involvement relates to increased adult words while 
decreased involvement results in decreased adult words (51). 
We did not find significant associations between the IT-
HOME subscales and child vocalization and conversational 
turn counts at 3 months, which was not consistent with our 
hypothesis. However, these results may indicate that certain 
aspects of the home environment at 3 months relate to only 
adult behavior and not that of the child. At the 3-month 
time point, infants are beginning to produce more typical 
phonation and begin to articulate while vocalizing (52).  
At this early juncture though it is likely that infants are 
just beginning to develop the understanding of the social 
value of their vocalizations (4) and because of this, the 

home environment may not play as large of a role in infant 
vocalizations or conversational turn counts at this point in 
development. 

No other comparisons were emerging or significant 
between the IT-HOME subscales and child vocalization, 
conversational turn counts, or adult word counts during the 
most voluble hour at 3 months.

IT-HOME and vocalizations at 12 months

There were no significant associations between the 
IT-HOME total or subscales and vocalizations at  
12 months. This was not consistent with our hypothesis 
or with the prior research showing a relationship between 
HOME Responsivity, Play Materials, and Maternal 
Involvement subscales at 6 and 24 months and children’s 
auditory reception and association, visual association, and 
grammatical closure at age 3 (35). These differences in 
findings may be attributed to the older age of the children 
included, language evaluations utilized, and the prior study 
consisted of a more diverse cohort from the southern region 
of the United States, whereas the current study consisted of 
a more homogenous sample.
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Figure 5 Box and whisker plots for Variety, Involvement, Learning Materials, Organization, Acceptance, and Responsivity subscales (A) 
and Infant-Toddler Home Observation for Measurement of the Environment (IT-HOME) total scores (B) between 3 months (red) and  
12 months (blue).
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3 vs. 12-month comparisons of vocalizations

We also examined differences in LENA outcomes between 
the 3- and 12-month timepoints while controlling for sex. 
There were significant changes in the quantity of infant 
vocalizations between 3 and 12 months, though not for 
adult words or conversational turns. We speculate that 
during this time-period parents may have had increased 
non-verbal interactions with their infants at 3-months 
compared to 12-months, as is supported by prior literature 
(7,9-11). We examined activity type for participants during 
the most voluble hour at both time points and found that 
infants and parents engaged in a variety of activities, with 
play being the most widely reported activity. However, 
many parents reported two or more activities during the 
most voluble hour making it challenging to determine 
strong associations between the activity during the most 
voluble hour and vocalizations. When the most voluble 
hour was examined in more detail, we saw an increase in 
the average ratio of infant vocalizations to adult words at 
12 months compared to 3 months. This increase likely 
reflects the child’s maturation between the 3- and 12-month 
timepoints as average adult words decreased between 
timepoints. These trends were also shown in Gilkerson and 
colleagues who found that raw child vocalizations increased 
from 2 to 12 months, while adult words decreased (9). 

Additionally, for all infants, we found a statistically 
significant change in child vocalizations over time and 
this difference was further explained by infant sex (e.g., 
males tended to have a decrease in vocalizations over 
time and females tended to have an increase). Results for 
conversational turns were not significant but suggest a 
decrease over time, and this decrease was greater for female 
infants when compared to male infants. Findings for child 
vocalizations and conversational turns aligned with our 
hypothesis with prior literature showing that males have 
fewer vocalizations in infancy (46,53). Further, being male 
is a significant predictor for Late Language Emergence 
or other markers for language delay, which likely reduces 
early vocalizations (47). This sex difference is more 
pronounced earlier in childhood and then narrows with 
age (54). However, our results are also somewhat varied in 
comparison to prior literature as a study by Gilkerson and 
colleagues using the LENA device to record vocalizations 
in the home from 2 months to 4 years found that child 
vocalizations and conversational turns increased over time. 
This was not evident in our data. Further, Gilkerson and 
colleagues reported no significant differences in child 

vocalizations, adult words or conversational turns in 
relation to child sex. However, one of the main differences 
between this study and the current findings is that we 
used the infant’s most voluble hour, while Gilkerson and 
colleagues utilized the entire 12-hour recording that likely 
incorporated a larger portion of the infant’s activities across 
multiple days (9). Further, Gilkerson and colleagues had a 
larger study population (N=329) with LENA recordings 
taken across several days. 

IT-HOME 3 vs. 12 months 

When comparing the home environment at 3 and  
12 months, results showed there were significant increases 
in IT-HOME scores for Learning Materials, Organization, 
and Responsivity subsections, as well as IT-HOME Total 
scores across the timepoints. We hypothesized that the 
infant home environment would change over time between 
the 3- and 12-month timepoints and would specifically 
increase across the total score and all subscales. Overall, 
it is clear that the home environment as a whole (e.g., IT-
HOME Total scores) changes significantly between 3 and 
12 months. More specifically, the subscales of Learning 
Materials, Organization, and Responsivity significantly 
changed across the first year of life. Considering that these 
subscales are focused on the toys in the home, experiences 
beyond the home environment and responsiveness to the 
child, it is reasonable that aspects would change between the 
two timepoints. As the infant develops, parents likely acquire 
a wider variety of toys and this follows recommendations by 
specialists to provide and select developmentally appropriate 
play materials (55). Similarly, as infants and children age, 
they become more social and likely require more responses 
and engagement from caregivers (56). Additionally, as 
infants and children develop, they spend more time 
interacting with other infants and families and are often 
cared for in groups (57), likely leading to more interactions 
outside of the home environment, potentially relating to the 
increased Organization subscale scores seen in the present 
study. We did not see significant differences over time in 
the Acceptance or Variety subscales that largely examines 
criticism/punishment of the child, family visits and meals 
with both parents, respectively. These items may not change 
overtime as parents in our study likely did not view their 
infants as behaving in a difficult manner or support physical 
punishment for infants at the 3- or 12-month timepoint. 
Though we did not evaluate punishment other than through 
use of the IT-HOME, previous study has shown younger 
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mothers who do not support alternatives to physical 
punishment and who view infants as difficult are more likely 
to utilize physical punishment (58). Alternatively, parents 
may not have displayed physical punishment in front of 
researchers. Further, the family support surrounding the 
home may not change much in the first year. Prior work 
by Orri, Côté, Tremblay, and Doyle [2019] examined 
changes in the IT-HOME scale between 6, 18, and  
36 months of age (59) and similarly found that across these 
time points scores for the IT-HOME Learning Materials, 
Responsivity, and Variability subscales increased, while 
scores for the Organization, Acceptance and Involvement 
subscales decreased over time. Differences in study findings 
may be attributed to potential cultural and socioeconomic 
differences between our cohort in the Northeastern United 
States compared to the United Kingdom where Côté and 
colleagues’ study took place. Further, infants in our study 
had high socioeconomic status, with almost all parents 
being married and having a college degree, whereas a larger 
portion of participants in Côté, Tremblay, and Doyle were 
unemployed, unmarried, and had less education, potentially 
making it more difficult to access childcare, etc. and for 
improvement in Organization subscale items over time.

Limitations

There are several limitations to consider in relation to 
the present investigation. Specifically, as this is the first 
investigation of the association between the IT-HOME and 
infant vocalizations, adult words, and conversational turns, 
we could not consider other variables that may further 
impact the home environment, such as socioeconomic 
status, income, and parental ethnicity, employment, 
marital status, and primary language spoken at home as the 
participants in our study group consisted of a homogenous 
sample derived from the northeast of the United States. 
Likewise, we acknowledge a higher percentage of the 
parents in our sample hold a graduate degree or higher 
(74%) when compared to 12.6% of adults aged 18 and older 
in the United States (60). For these reasons, we cannot 
generalize our findings to that of the entire United States 
population. Moreover, though it impacts parent language 
input, we did not control for maternal emotional health 
including screening for depression and anxiety in the 
present study. 

Additionally, the overall quantity of our data was affected 
by the COVID-19 pandemic which caused a decrease in 
data collection for the present study at the 12-month time 

point and resulted in less IT-HOME and LENA data at  
12 months. For this reason, we assume our data to be 
missing completely at random, allowing us to estimate 
regression coefficients in the presence of missing data 
without the need to consider methods for imputation (61). 

While some studies have shown the reliability and 
validity of the LENA system (37,39,62,63) even over short 
time periods (43,44), others have demonstrated a lack of 
reliability for certain LENA outcome measures, such as 
CTC and CVC (64-69). Therefore, we acknowledge that 
we did not utilize manual coding and that this may have 
affected the results of the present study. Further, while this 
was a longitudinal study; we did not utilize multiple LENA 
measurements or IT-HOME measurements per time point. 
Repeated measures at each time point would allow for a 
more representative sample of both vocalizations and the 
home environment. Further, adding additional measures 
beyond the IT-HOME would help us to derive more 
specifics about and be more beneficial to our understanding 
of the child’s environment. Therefore, future studies should 
focus on repeated measures of the IT-HOME and LENA, 
with a larger sample size, across patient populations. Lastly, 
while parents recorded at different times of day for varying 
lengths of time depending on when they preferred to begin 
recording, all infants had at least 4 hours of data. Only 
hours during which the infant was awake were included 
in the analysis as determined by the LENA log that the 
parents completed for each hour the infant wore the device. 
Hours after the infant was asleep for the night were not 
included and therefore most recording occurred during the 
morning and afternoon. Though we did limit the analysis 
to awake hours, we acknowledge that we did not control for 
recording length in our analysis. While we have included 
information about parent-reported infant activities during 
the most voluble hour, in future analyses, we hope to 
continue to use and validate infants’ most voluble hours 
with more specific information on the activities completed 
during them and to relate it to the infant home environment 
in a larger, more diverse sample with a range of SES.

Conclusions

The results of this study revealed that IT-HOME Learning 
Materials scores were associated with adult words at  
3 months with no significant associations between these 
variables at 12 months. Between 3 and 12 months, we 
found that females had significantly more vocalizations 
compared to males. Results also showed that the IT-
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HOME Organization, Involvement, and Responsivity 
subscale scores significantly increased across time points. 
Overall, these findings indicate the importance of the home 
environment, particularly Learning Materials (e.g., toys), 
in influencing adult words offered to infants at 3 months. 
More research is needed to further investigate these 
associations with a larger sample size, repeated time points, 
and across patient populations. 

Acknowledgments

We would like to thank the infants and their families for 
participating in this research. 
Funding: This research was supported and funded by the 
National Institutes of Health NIDCD DC016030.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editor (Steven M. Barlow) for the series 
“Neonatal Feeding and Developmental Issues” published in 
Pediatric Medicine. The article has undergone external peer 
review.

Reporting Checklist: The authors have completed the 
STROBE reporting checklist. Available at https://
pm.amegroups.com/article/view/10.21037/pm-21-53/rc

Data Sharing Statement: Available at https://pm.amegroups.
com/article/view/10.21037/pm-21-53/dss 

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at https://
pm.amegroups.com/article/view/10.21037/pm-21-53/coif). 
The series “Neonatal Feeding and Developmental Issues” 
was commissioned by the editorial office without any 
funding or sponsorship. EZ, MH, and AI are employees of 
Northeastern University. AM and TC are doctoral students 
at Northeastern University. BA is a former master’s student 
at Northeastern University. This research was supported 
and funded by the National Institutes of Health NIDCD 
DC016030. The authors have no other conflicts of interest 
to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved. We used 

a prospective, quantitative design with self-report and 
objective measures. This study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by institutional review board of 
Northeastern University (No. 17-08-19) and attained from 
all parents for themselves and their infants to participate. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Oller DK, Caskey M, Yoo H, et al. Preterm and full term 
infant vocalization and the origin of language. Sci Rep 
2019;9:14734.

2. Kisilevsky BS, Davies GA. Auditory processing deficits 
in growth restricted fetuses affect later language 
development. Med Hypotheses 2007;68:620-8.

3. Kisilevsky BS, Hains SM, Brown CA, et al. Fetal sensitivity 
to properties of maternal speech and language. Infant 
Behav Dev 2009;32:59-71.

4. Franklin B, Warlaumont AS, Messinger D, et al. Effects of 
Parental Interaction on Infant Vocalization Rate, Variability 
and Vocal Type. Lang Learn Dev 2014;10:279-2996.

5. McMurray B, Kovack-Lesh KA, Goodwin D, et al. Infant 
directed speech and the development of speech perception: 
enhancing development or an unintended consequence? 
Cognition 2013;129:362-78.

6. Schreiner MS, van Schaik JE, Sučević J, et al. Let's talk 
action: Infant-directed speech facilitates infants' action 
learning. Dev Psychol 2020;56:1623-31.

7. Soderstrom M. Beyond babytalk: Re-evaluating the 
nature and content of speech input to preverbal infants. 
Developmental Review 2007;27:501-32.

8. Fernald A, Taeschner T, Dunn J, et al. A cross-language 
study of prosodic modifications in mothers' and fathers' 
speech to preverbal infants. J Child Lang 1989;16:477-501.

9. Gilkerson J, Richards JA, Warren SF, et al. Mapping the 
Early Language Environment Using All-Day Recordings 
and Automated Analysis. Am J Speech Lang Pathol 
2017;26:248-65.

https://pm.amegroups.com/article/view/10.21037/pm-21-53/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-53/rc
https://pm.amegroups.com/article/view/10.21037/pm-21-53/dss
https://pm.amegroups.com/article/view/10.21037/pm-21-53/dss
https://pm.amegroups.com/article/view/10.21037/pm-21-53/coif
https://pm.amegroups.com/article/view/10.21037/pm-21-53/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Pediatric Medicine, 2022 Page 13 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:3 | https://dx.doi.org/10.21037/pm-21-53

10. Bornstein MH, Tamis-Lemonda CS, Hahn CS, et al. 
Maternal responsiveness to young children at three ages: 
longitudinal analysis of a multidimensional, modular, and 
specific parenting construct. Dev Psychol 2008;44:867-74.

11. Tamis-LeMonda CS, Bornstein MH, Baumwell L. 
Maternal responsiveness and children's achievement of 
language milestones. Child Dev 2001;72:748-67.

12. Mcleod S, Baker E. Speech-language pathologists' 
practices regarding assessment, analysis, target selection, 
intervention, and service delivery for children with speech 
sound disorders. Clin Linguist Phon 2014;28:508-31.

13. Goldstein MH, King AP, West MJ. Social interaction 
shapes babbling: testing parallels between birdsong and 
speech. Proc Natl Acad Sci U S A 2003;100:8030-5.

14. Goldstein MH, Schwade JA. Social feedback to infants' 
babbling facilitates rapid phonological learning. Psychol 
Sci 2008;19:515-23.

15. Shonkoff JP, Phillips D. editors. From neurons to 
neighborhoods: the science of early child development. 
Washington, D.C.: National Academy Press; 2000.

16. Caskey M, Stephens B, Tucker R, et al. Importance 
of parent talk on the development of preterm infant 
vocalizations. Pediatrics 2011;128:910-6.

17. Brookman R, Kalashnikova M, Conti J, et al. Depression 
and Anxiety in the Postnatal Period: An Examination of 
Infants' Home Language Environment, Vocalizations, 
and Expressive Language Abilities. Child Dev 
2020;91:e1211-30.

18. Harold MP, Barlow SM. Effects of environmental 
stimulation on infant vocalizations and orofacial dynamics 
at the onset of canonical babbling. Infant Behav Dev 
2013;36:84-93.

19. Romeo RR, Segaran J, Leonard JA, et al. Language 
Exposure Relates to Structural Neural Connectivity in 
Childhood. J Neurosci 2018;38:7870-7.

20. Caçola PM, Gabbard C, Montebelo MI, et al. Further 
Development and Validation of the Affordances in the 
Home Environment for Motor Development-Infant Scale 
(AHEMD-IS). Phys Ther 2015;95:901-23.

21. Teghtsoonian M. The Unity of the Senses: Interrelations 
Among the Modalities, by Lawrence E. Marks (Book 
Review). Washington, etc: American Psychological 
Association; 1979: 899.

22. Miquelote AF, Santos DC, Caçola PM, et al. Effect of the 
home environment on motor and cognitive behavior of 
infants. Infant Behav Dev 2012;35:329-34.

23. Pereira KR, Valentini NC, Saccani R. Brazilian infant 
motor and cognitive development: Longitudinal influence 

of risk factors. Pediatr Int 2016;58:1297-306.
24. Rijlaarsdam J, Tiemeier H, Hofman A, et al. Home 

environments of infants: relations with child development 
through age 3. J Epidemiol Community Health 
2013;67:14-20.

25. Caçola PM, Gabbard C, Montebelo MI, et al. The 
new affordances in the home environment for motor 
development - infant scale (AHEMD-IS): Versions in 
English and Portuguese languages. Braz J Phys Ther 
2015;19:507-25.

26. Saccani R, Valentini NC, Pereira KR, et al. Associations of 
biological factors and affordances in the home with infant 
motor development. Pediatr Int 2013;55:197-203.

27. Jones PC, Pendergast LL, Schaefer BA, et al. Measuring 
home environments across cultures: Invariance of the 
HOME scale across eight international sites from the 
MAL-ED study. J Sch Psychol 2017;64:109-27.

28. Caldwell BM, Bradley RH. Home Observation for 
Measurement of the Environment: Administration 
Manual. 2016.

29. Bradley RH, Mundfrom DJ, Whiteside L, et al. A factor 
analytic study of the infant-toddler and early childhood 
versions of the HOME Inventory administered to white, 
black, and Hispanic american parents of children born 
preterm. Child Dev 1994;65:880-8.

30. Goemans A, van Geel M, Vedder P, et al. HOME in the 
Netherlands: Validation of the Home Observation for 
Measurement of the Environment Inventory. Journal of 
Family Issues 2016;37:2118-37.

31. Gunning M, Conroy S, Valoriani V, et al. Measurement of 
mother-infant interactions and the home environment in a 
European setting: preliminary results from a cross-cultural 
study. Br J Psychiatry Suppl 2004;46:s38-44.

32. Tan C, Zhao C, Dou Y, et al. Caregivers’ depressive 
symptoms and social–emotional development of left-
behind children under 3 years old in poor rural China: 
The mediating role of home environment. Children and 
Youth Services Review 2020;116:105109.

33. Williams P, Piamjariyakul U, Williams A, et al. Thai 
mothers and children and the home observation for 
measurement of the environment (home inventory): pilot 
study. Int J Nurs Stud 2003;40:249-58.

34. Liu S, Wang Z, Zhao C, et al. Effects of early 
comprehensive interventions on child neurodevelopment 
in poor rural areas of China: a moderated mediation 
analysis. Public Health 2018;159:116-22.

35. Elardo R, Bradley R, Caldwell BM. A Longitudinal 
Study of the Relation of Infants' Home Environments to 



Pediatric Medicine, 2022Page 14 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:3 | https://dx.doi.org/10.21037/pm-21-53

Language Development at Age Three. Child Development 
1977;48:595-603.

36. Mundfrom DJ, Bradley RH, Whiteside L. A Factor 
Analytic Study of the Infant-Toddler and Early Childhood 
Versions of the Home Inventory. Educational and 
Psychological Measurement 1993;53:479-89.

37. Gilkerson J, Richards J. The Power of Talk 2nd Edition. 
LENA Foundation Technical Report ITR-01-2. 2009. 
Available online: https://www.lena.org/wp-content/
uploads/2016/07/LTR-01-2_PowerOfTalk.pdf

38. Gilkerson J, Richards JA, Warren SF, et al. 
Language Experience in the Second Year of Life and 
Language Outcomes in Late Childhood. Pediatrics 
2018;142:e20174276.

39. Ganek H, Smyth R, Nixon S, et al. Using the Language 
ENvironment Analysis (LENA) System to Investigate 
Cultural Differences in Conversational Turn Count. J 
Speech Lang Hear Res 2018;61:2246-58.

40. Xu D, Yapanel UH, Gray SS, et al., editors. Signal 
processing for young child speech language development. 
WOCCI; 2008.

41. Heller Murray E, Lewis J, Zimmerman E. Non-nutritive 
suck and voice onset time: Examining infant oromotor 
coordination. PLoS One 2021;16:e0250529.

42. Iyer SN, Denson H, Lazar N, et al. Volubility of the 
human infant: Effects of parental interaction (or lack of it). 
Clin Linguist Phon 2016;30:470-88.

43. Rankine J, Li E, Lurie S, et al. Language ENvironment 
Analysis (LENA) in Phelan-McDermid Syndrome: 
Validity and Suggestions for Use in Minimally Verbal 
Children with Autism Spectrum Disorder. J Autism Dev 
Disord 2017;47:1605-17.

44. Weisleder A, Fernald A. Talking to children matters: early 
language experience strengthens processing and builds 
vocabulary. Psychol Sci 2013;24:2143-52.

45. d'Apice K, Latham RM, von Stumm S. A naturalistic home 
observational approach to children's language, cognition, 
and behavior. Dev Psychol 2019;55:1414-27.

46. Adani S, Cepanec M. Sex differences in early 
communication development: behavioral and 
neurobiological indicators of more vulnerable 
communication system development in boys. Croat Med J 
2019;60:141-9.

47. Zubrick SR, Taylor CL, Rice ML, et al. Late language 
emergence at 24 months: an epidemiological study of 
prevalence, predictors, and covariates. J Speech Lang Hear 
Res 2007;50:1562-92.

48. Bornstein MH, Hahn CS, Haynes OM. Specific and 

general language performance across early childhood: 
Stability and gender considerations. First Language 
2004;24:267-304.

49. Sosa AV. Association of the Type of Toy Used During 
Play With the Quantity and Quality of Parent-Infant 
Communication. JAMA Pediatr 2016;170:132-7.

50. Ewin CA, Reupert A, McLean LA, et al. Mobile devices 
compared to non-digital toy play: The impact of activity 
type on the quality and quantity of parent language. 
Computers in human behavior. 2021;118:106669.

51. Christakis DA, Gilkerson J, Richards JA, et al. Audible 
television and decreased adult words, infant vocalizations, 
and conversational turns: a population-based study. Arch 
Pediatr Adolesc Med 2009;163:554-8.

52. Oller DK, Eilers RE, Neal AR, et al. Precursors to speech 
in infancy: the prediction of speech and language disorders. 
J Commun Disord 1999;32:223-45.

53. Quast A, Hesse V, Hain J, et al. Baby babbling at five 
months linked to sex hormone levels in early infancy. 
Infant Behav Dev 2016;44:1-10.

54. Lange BP, Euler HA, Zaretsky E. Sex differences in 
language competence of 3- to 6-year-old children. Applied 
Psycholinguistics 2016;37:1417-38.

55. Glassy D, Romano J; Committee on Early Childhood, 
Adoption, and Dependent Care. American Academy of 
Pediatrics. Selecting appropriate toys for young children: 
the pediatrician's role. Pediatrics 2003;111:911-3.

56. Scott HK, Cogburn M. Peer Play. Treasure Island (FL): 
StatPearls Publishing; 2021.

57. Hay DF, Payne A, Chadwick A. Peer relations in 
childhood. J Child Psychol Psychiatry 2004;45:84-108.

58. Combs-Orme T, Cain DS. Predictors of mothers' 
use of spanking with their infants. Child Abuse Negl 
2008;32:649-57.

59. Orri M, Côté SM, Tremblay RE, et al. Impact of an 
early childhood intervention on the home environment, 
and subsequent effects on child cognitive and emotional 
development: A secondary analysis. PLoS One 
2019;14:e0219133.

60. United States Census Bureau. Table 1. Educational 
Attainment of the Population 18 Years and Over, by Age, 
Sex, Race, and Hispanic Origin: 2020. April 21, 2021.

61. Buuren Sv. Flexible imputation of missing data. Flexible 
imputation of missing data Boca Raton, FL: CRC Press, 
Taylor & Francis Group; 2018. p. 9-10.

62. Oetting JB, Hartfield LR, Pruitt SL. Exploring LENA 
as a Tool for Researchers and Clinicians. ASHA Leader 
2009;14:20-2.



Pediatric Medicine, 2022 Page 15 of 15

© Pediatric Medicine. All rights reserved. Pediatr Med 2022;5:3 | https://dx.doi.org/10.21037/pm-21-53

63. Oller DK, Niyogi P, Gray S, et al. Automated vocal 
analysis of naturalistic recordings from children with 
autism, language delay, and typical development. Proc 
Natl Acad Sci U S A 2010;107:13354-9.

64. Bulgarelli F, Bergelson E. Look who's talking: A 
comparison of automated and human-generated speaker 
tags in naturalistic day-long recordings. Behav Res 
Methods 2020;52:641-53.

65. Cristia A, Bulgarelli F, Bergelson E. Accuracy of the 
Language Environment Analysis System Segmentation 
and Metrics: A Systematic Review. J Speech Lang Hear 
Res 2020;63:1093-105.

66. Cristia A, Lavechin M, Scaff C, et al. A thorough 
evaluation of the Language Environment Analysis (LENA) 

system. Behav Res Methods 2021;53:467-86.
67. Ferjan Ramírez N, Hippe DS, Kuhl PK. Comparing 

Automatic and Manual Measures of Parent-Infant 
Conversational Turns: A Word of Caution. Child Dev 
2021;92:672-81.

68. Lehet M, Arjmandi MK, Houston D, et al. Circumspection 
in using automated measures: Talker gender and addressee 
affect error rates for adult speech detection in the 
Language ENvironment Analysis (LENA) system. Behav 
Res Methods 2021;53:113-38.

69. Wang Y, Williams R, Dilley L, et al. A meta-analysis of the 
predictability of LENA™ automated measures for child 
language development. Dev Rev 2020;57:100921.

doi: 10.21037/pm-21-53
Cite this article as: Hines M, Carpenito T, Martens A, Iizuka 
A, Aspinwall B, Zimmerman E. The home environment and 
its relation to vocalizations in the first year of life. Pediatr Med 
2022;5:3.



© Pediatric Medicine. All rights reserved. https://dx.doi.org/10.21037/pm-21-53

Supplementary

Table S1 List of participants and the associated total recording 
duration (in minutes) using the LENA system at 3 and 12 months

Participant 
ID

3 months total recording 
duration (min)

12 months total recording 
duration (min)

V01 795 500

V04 780 640

V06 790 560

V07 780 765

V09 800 750

V10 395 865

V11 815 795

V12 675 815

V13 425 965

V16 665 800

V17 690 850

V18 765 965

V19 765 735

V21 870 965

V22 800 945

V23 705 840

V24 820 965

V25 830 770

V26 845 N/A

V27 850 N/A

V28 805 965

V29 495 965

V30 800 N/A

V31 650 830

V32 770 N/A

V33 835 N/A

V34 178 895

V36 163 915

V37 810 760

V38 820 885

V40 860 965

V41 162 965

V42 725 193

Table S1 (continued)

Table S1 (continued)

Participant 
ID

3 months total recording 
duration (min)

12 months total recording 
duration (min)

V43 770 945

V44 815 965

V46 850 755

V47 775 965

V48 965 960

V49 870 965

V50 790 930

V51 780 965

V52 825 850

V53 820 820

V54 845 815

V55 755 965

V56 965 805

V57 805 965

V58 765 940

V59 805 965

V60 520 965

V62 585 N/A

V63 800 N/A

V64 720 N/A

V67 750 N/A

V68 745 N/A

V69 965 N/A

V71 835 N/A

V72 825 N/A

V73 885 N/A

V76 960 N/A

V78 860 N/A

V79 940 N/A

V81 760 N/A
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Table S2 List of the ratio of infant vocalizations to adult words during the most voluble hour at 3 and 12 months

Participant ID
3 months ratio of infant vocalizations to adult words during 

the most voluble hour
12 months ratio of infant vocalizations to adult words 

during the most voluble hour

V01 0.11 0.03

V04 0.13 0.09

V06 0.13 0.04

V07 0.06 0.1

V09 0.37 1.06

V10 0.05 0.12

V11 0.16 0.09

V12 0.11 1.06

V13 0.09 1.57

V16 0.04 0.09

V17 0.32 0.16

V18 0.04 0.14

V19 0.11 0.08

V21 0.16 0.47

V22 0.05 0.24

V23 0.05 0.16

V24 0.56 0.09

V25 0.09 0.16

V26 0.15 N/A

V27 0.13 N/A

V28 0.12 0.2

V29 0.07 0.33

V30 0.09 N/A

V31 0.05 0.14

V32 0.01 N/A

V33 0.15 N/A

V34 0.14 0.06

V36 0.15 0.41

V37 0.09 0.12

V38 0.13 0.03

V40 0.12 0.03

V41 0.32 0.11

V42 0.26 0.16

V43 0.12 0.19

Table S2 (continued)
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Table S2 (continued)

Participant ID
3 months ratio of infant vocalizations to adult words during 

the most voluble hour
12 months ratio of infant vocalizations to adult words 

during the most voluble hour

V44 0.13 0.05

V46 0.40 0.25

V47 0.15 0.07

V48 0.08 0.1

V49 0.21 0.12

V50 0.13 0.06

V51 0.09 0.12

V52 0.13 0.12

V53 0.23 0.04

V54 0.03 0.89

V55 0.06 0.04

V56 0.21 0.26

V57 0.16 0.18

V58 0.03 0.04

V59 0.03 0.02

V60 0.05 0.15

V62 0.26 N/A

V63 0.08 N/A

V64 0.05 N/A

V67 0.09 N/A

V68 0.13 N/A

V69 0.21 N/A

V71 0.15 N/A

V72 0.08 N/A

V73 0.27 N/A

V76 0.05 N/A

V78 0.04 N/A

V79 0.05 N/A

V81 0.09 N/A


