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Abstract
The quality of the early environment influences the development of psychopathology.
Children who are deprived of sufficient environmental enrichment in infancy may be at
higher risk for developing symptoms of psychopathology in toddlerhood. In this study,
we investigated the prospective association between naturalistic measures of adult
language input obtained through passive monitoring of infants’ daily environments
and emerging psychopathology in toddlerhood. In a sample of 100 mothers and their
infants recruited from the community (mean age [range] = 6.73 [5–9] months), we
used the Language ENvironment Analysis (LENA) system to measure multiple dimensions of infants’ language environments, including both the quantity and consistency
of adult speech and conversational turns in infants’ daily lives as well as the quantity
of infant vocalizations. Subsequently, during toddlerhood (mean age [range] = 18.29
[17–21] months), mothers reported on their children's symptoms of psychopathology.
Infants who experienced more consistent adult speech and conversational turns had
lower symptoms of psychopathology in toddlerhood, independent of negative emotionality in infancy, maternal depressive symptoms, and laboratory-based measures
of maternal sensitivity. These findings have implications for the measurement of environmental factors that may confer risk and resilience to emerging psychopathology.
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can be observed in toddlerhood in the form of elevated internaliz-

I NTRO D U C TI O N

ing symptoms and externalizing behaviors (Zeanah & Zeanah, 2018;
Zero to Three, 2016). Given that infants and young children have

Over 20% of children ages 1–7 years suffer from psychiatric dis-

limited capacity to tell us about their experiences, many studies of

orders (Vasileva et al., 2020). Unfortunately, psychopathology in

the effects of variation in the early environment on the development

young children is not transient; instead, approximately half of chil-

of psychopathology use laboratory-based observations of caregiver

dren with elevated symptoms in early life have persistent problems

behaviors to operationalize the quality of the environment.

across development (Basten et al., 2016; Briggs-Gowan et al., 2006).

There are several advantages of using laboratory-based obser-

The quality of the early environment, which partially depends on the

vations of caregivers’ behaviors during brief caregiver–child inter-

behavior of caregivers, influences the development of psychopa-

actions to assess the quality of the early environment. Whereas

thology (van Aar et al., 2017; McGoron et al., 2012; Yap et al., 2016).

self-report measures of caregiver behavior are subject to bias due

In particular, infants and young children who are deprived of suf-

to variation in caregivers’ awareness of their own behaviors and

ficient environmental enrichment are at heightened risk for clinically

the overreporting of socially desirable behaviors (Bornstein et al.,

significant psychopathology (Humphreys & Zeanah, 2015), which

2015; Richards et al., 2017), laboratory-based observations provide
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objective measures of caregivers’ behaviors. Although identifying
severe deviations in the early environment using child welfare records is also an objective method, laboratory-based observations
measure variation in children's experiences along a continuum
(Humphreys et al., 2018). Laboratory-based observations permit
nuanced coding of the quality of caregivers’ behaviors toward their
children based on multiple modalities of communication. Finally,
researchers can structure laboratory-based interactions to elicit
specific types of caregiver behavior (e.g., sensitivity to child distress
versus sensitivity during play; Leerkes, 2011), thereby enabling researchers to identify dimensions of the early environment that best
predict child outcomes, including children's risk for the development
of psychopathology (Davidov & Grusec, 2006; Leerkes et al., 2009).
It is important to note, however, that using laboratory-based
assessments of caregiver behavior to operationalize children's
experiences may not be ecologically valid (Belsky, 1980; TamisLeMonda et al., 2017). Indeed, the laboratory environment is a

Research Highlights
• Naturalistic measures of infants’ experiences of language input obtained through passive monitoring are a
promising method for measuring the early environment.
• We used the Language ENvironment Analysis (LENA)
system to characterize the quantity and consistency of
adult language input in 5- to 9-month-old infants’ daily
environments.
• Infants who experienced more consistent language
input had lower symptoms of psychopathology approximately one year later, independent of other infant, maternal, and family characteristics.
• We discuss the implications of these findings for the
measurement of infants’ environments in relation to risk
for psychopathology.

novel, often strange, setting for most caregivers and their children
(Bronfenbrenner, 1977). The lack of competing demands that typify the environment outside the laboratory may result in “in-lab”

capture infants’ experiences. Nonetheless, passive monitoring of

caregiver behaviors that do not reflect infants’ typical real-world

auditory stimulation does capture aspects of infants’ experiences,

experiences. Indeed, caregivers have been found to provide more

making this a promising alternative or complementary method for

attentive, responsive, and stimulating input in the laboratory than

operationalizing the nature of infants’ early environments.

they do at home (Belsky, 1980), and to talk more to their infants and

The Language ENvironment Analysis (LENA) wearable digital

use more complex language during structured interactions than they

device and software enables day-long recordings of infants’ natu-

do during their naturalistic routines (Tamis-LeMonda et al., 2017).

ralistic speech environments and fast and reliable quantification of

Concerns regarding the ecological validity of the laboratory

ambient adult speech and adult–infant vocal exchanges (i.e., “con-

context may be addressed in part by conducting semi-structured in-

versational turns”) in infants’ daily lives (Gilkerson & Richards, 2008).

teractions in the home environment (e.g., video-recorded free-play

The LENA system has several potential advantages for measuring

interactions in families’ living rooms), or by using checklists to rate

the behaviors of adults in children's environments. First, monitoring

caregivers’ behaviors during 60- to 90-min home interviews in which

of adult language input using the LENA is passive and unobtrusive,

no formal caregiver–child interactions take place (e.g., the Infant–

thereby likely reducing biases due to the effects of observation.

Toddler Home Observation for Measurement of the Environment

Second, compared to time-intensive observational coding of labo-

[HOME] Inventory [Bradley & Caldwell, 1984]); however, merely

ratory-based interactions (e.g., coding of a 10-min interaction may

moving assessments into the home does not fully resolve concerns

require an hour of an expert coder's time), the LENA allows for effi-

regarding the ecological validity of the behaviors observed. Such as-

cient, albeit less nuanced, scoring of large quantities of data (Cychosz

sessments may be susceptible to demand characteristics and social

et al., 2020). Third, in contrast to laboratory-based observations that

desirability effects due to the conspicuous presence of video cameras

typically focus on the behavior of a single caregiver (usually the

and/or researchers. Furthermore, although children's experiences

mother), the LENA records language input from multiple caregivers

take place in many settings (e.g., while running errands, on the play-

(e.g., mothers, fathers, other family, and childcare professionals) de-

ground, during mealtimes) and across many hours in a day, both lab-

livered across locations for up to 16 h, arguably yielding more eco-

oratory-based assessments and semi-structured or interview-based

logically-valid measures of infants’ environments that reflect the

home assessments are location- and time-limited. Historically, the

broader availability and engagement of caregivers in infants’ daily

high cost of recording and coding behavior in daily life has restricted

lives. Finally, data collected via LENA recordings can be used to gen-

researchers’ ability to conduct naturalistic assessments of the early

erate multiple measures of infants’ environments that may explain

environment (Mehl, 2017). Recently, however, technological ad-

unique variance in children's outcomes. For example, previous stud-

vances have facilitated passive monitoring of infants’ auditory en-

ies using the LENA to examine children's cognitive functioning have

vironments while families move through their daily lives. Given that

distinguished between measures of overheard adult speech and

intensive auditory monitoring cannot be coded in the same manner

conversational turns (Ganek & Eriks-Brophy, 2018), often reporting

as brief laboratory-based observations and that infants’ experiences

that the quantity of conversational turns is associated more strongly

are also influenced by non-audible caregiver behavior (e.g., facial ex-

with cognitive functioning than is the quantity of overheard adult

pression), measures of infants’ auditory environments do not mimic

speech (Gilkerson et al., 2018; Merz et al., 2019). Although research-

laboratory-based measures of caregiver behavior, nor do they fully

ers have focused on the quantity of adult words and conversational
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turns regardless of their distribution across the day, data obtained

adult speech and conversational turns in infants’ daily lives as well as

via LENA recordings can also be used to measure the consistency of

the quantity of infant vocalizations. Given precedent for using labo-

adult words and conversational turns, or the regularity with which

ratory-based observations of caregiver behavior to measure infants’

the target child experiences any overheard language input or vocal

environments, we also obtained measures of maternal sensitivity

engagement, respectively. The consistency of language input from

during infant distress and during play in the laboratory environment.

adults is a marker of the extent to which caregivers are physically

We modeled the prospective relations between naturalistic mea-

available to initiate or respond to infants’ verbal and nonverbal sig-

sures of infant's language environments and symptoms of psychopa-

nals (adult word consistency) or of the extent to which caregivers

thology, independent of infant temperament, maternal depressive

vocally engage with their infants on a regular basis throughout the

symptoms, and family socioeconomic status. To account for the

day (conversational turn consistency).

possibility that infants who vocalize more are better able to elicit

Measures of the consistency of language input may be partic-

input from their caregivers and/or achieve earlier social and cog-

ularly useful when investigating risk for symptoms of psychopa-

nitive competencies that lead to a positive developmental cascade

thology. Receiving input from caregivers on a consistent basis is

(Masten & Cicchetti, 2010), we also examined the quantity of infant

theorized to be a species-expectant experience necessary for the

vocalizations. Finally, to determine whether the naturalistic mea-

development of both socioemotional and cognitive skills (Bowlby,

sures of infants’ language environments obtained using the LENA

1988; McLaughlin et al., 2017). From the perspective of infants,

system predicted unique variance above and beyond prevailing mea-

cumulative experiences of the availability of adults may influence

sures of the early environment, we examined the laboratory-based

how their representations of their environments develop (Johnson

measures of maternal sensitivity in infancy as covariates. We hy-

et al., 2016; Sherman et al., 2015). For example, an infant who ex-

pothesized that the consistency of adult words and conversational

periences language input on a consistent basis may form different

turns are more strongly negatively associated with symptoms of psy-

expectations about whether an adult is available to notice and re-

chopathology in toddlerhood than are the quantity of adult speech

spond to their cues than would an infant who does not experience

and conversational turns.

consistent input. In turn, infants’ experience-based representations
of their environments likely affect their emotions (i.e., the processes
that help them evaluate and respond to their worlds; Cole et al.,
2018) thereby shaping their behavior and influencing the emergence
of psychopathology (Sherman et al., 2015). In fact, there is exten-
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2.1 | Participants

sive evidence that infants who experience deprivation of consistent
input from caregivers in the form of institutional care are at risk

Participants were women and their children who were recruited

for the development of psychopathology (Gunnar, Van Dulmena,

from communities in the San Francisco Bay Area to participate in the

& The International Adoption Project Team, 2007; Hawk & McCall,

Brain and Behavior Infant Experiences (BABIES) project (Humphreys

2010; Humphreys et al., 2015). In studies of institutionalized infants,

et al., 2018), an observational study of the association between peri-

however, the deprivation of input is usually inferred based on sci-

natal experiences and infant and toddler psychobiological develop-

entists’ knowledge of the nature of institutional care. Considerably

ment. The sample for the current analyses included mother–child

less research has examined the consistency of adult input in typical

dyads who completed assessments of the child's caregiving environ-

family-based settings due to challenges in directly measuring this

ment at age 5–9 months (infant assessment) and an online follow-

construct along a continuum in infants’ daily environments. Despite

up assessment of the child's symptoms of psychopathology at age

the potential advantages of the LENA system for measuring infants’

17–21 months (toddler assessment). Of the 155 dyads who provided

environments, including the extent to which adults provide consis-

any data at the infant assessment, 8 did not complete the toddler

tent language input, researchers have not yet used this technology

assessment by the time of the current analysis, and an additional 47

to examine individual differences in risk for the development of

either did not participate in the LENA assessment or did not provide

psychopathology.

usable LENA recordings for the naturalistic assessment of infants’

The goal of the current study was to examine whether measures

environments (42 dyads did not complete, 3 dyads completed when

of infants’ experiences of adult language input in their daily lives are

the infant was >9 months old, and 2 dyads completed incorrectly),

meaningfully related to the development of symptoms of psychopa-

yielding a final sample of 100 dyads. Descriptive statistics for the

thology, and, if so, to determine which dimensions of language input

final sample are presented in Table 1.

are most strongly associated with symptoms of psychopathology.
We investigated the longitudinal associations between naturalistic
measures of infants’ environments operationalized through passive

2.2 | Procedure

monitoring of daily language input at age 6 months and parent-reported symptoms of psychopathology at age 18 months. Specifically,

The BABIES Project was approved by the Stanford Institutional Review

we used the LENA system to measure multiple dimensions of infants’

Board. Mothers provided informed written consent for themselves

language environments, including the quantity and consistency of

and their infants and were compensated for their time. Participants

4 of 15
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Measure

Mean (SD) or N

Range

Maternal age (years)

33.74 (4.67)

19.51–45.63

Infant assessment

6.73 (0.75)

5.19–8.74

Toddler assessment

18.29 (0.52)

17.52–21.15

Income-to-needs ratioa

1.48 (0.52)

0.13–2.21

Child age (months)

Infant negative emotionality

3.14 (0.76)

1.63–4.98

Infant vocalization maximum

61.17(20.84)

30–132

Infant assessment

9.05 (8.91)

0–43

Toddler assessment

8.04 (7.31)

0–33

Total recording duration (h) b

15.19 (1.44)

8.49–16.00

Analyzed recording duration (h)b

12.09 (1.72)

7.67–15.58

Maternal depressive symptoms

Naturalistic language input

Analyzed start time (HH:MM)

7:40 a.m. (1:19)

5:00 a.m.−1:34 p.m.

Analyzed end time (HH:MM)

8:19 p.m. (1:29)

5:10 p.m.−11:55 p.m.

Adult word quantity

3508.51 (1451.11)

593–7788

Adult word consistency

0.74 (0.11)

0.46–0.97

Conversational turn quantity

74.13 (30.73)

14–174

Conversational turn consistency

0.55 (0.12)

0.20–0.81

Infant vocalizations

257.59 (107.24)

83–617

Laboratory caregiving behavior
Maternal sensitivity to distress

4.12 (1.06)

1.69–6.13

Maternal sensitivity during play

3.81 (0.85)

1.75–6.00
0.19–2.38

Toddler symptoms of psychopathology

1.06 (0.50)

Toddler % clinical concern c

20

Infant male sex

55

Maternal Hispanic/Latinx ethnicity

15

Maternal race
White

65

Asian or Asian American

22

Black or African American

3

Native Hawaiian or Pacific Islander

2

Other race

8

Maternal education
<4-year college

13

Bachelor's degree

36

Graduate degree

51

N = 100.
a

Annual household income ranged from $30,001–60,000 to >$150,000, with 22% classified as
“low-income” based on an income-to-needs ratio <1 calculated with respect to the Department of
Housing and Urban Development's low-income limits for the county in which data were collected.

b
Total recording duration is the length in hours of the raw LENA recording. The start and ends
times of the analyzed recording duration corresponded to the first and last conversational turn in
the recording.
c

At the toddler assessment, number of children with symptoms of depression/withdrawal, general
anxiety, activity/impulsivity, aggression/defiance, or negative emotionality above age and gendernormed cutoffs for clinical concern.

TA B L E 1 Descriptive statistics
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included in the current analyses were recruited either during their

number of adult–infant or infant–adult back-and-forth vocalizations),

pregnancies (16–35 weeks gestation) or when their infants were age

and infant vocalizations at the level of 5-min epochs. Using these

6 months or younger through online advertisements and flyers posted

estimates, we computed the following measures:

in the local community. Participants recruited during pregnancy participated in additional sessions not included in the current analyses.

1. To measure the quantity of AWs and CTs we computed the

All participants were screened for inclusion/exclusion criteria through

maximum number of AWs and maximum number of CTs within

a phone interview. When infants were approaching age 6 months,

a 1-h period. This approach is consistent with previous studies

mother–infant dyads were invited to attend a laboratory session to

use the LENA system (Brito et al., 2020; Romeo, Leonard, et

conduct the infant assessment. Inclusion criteria for this session were

al., 2018; Romeo, Segaran, et al., 2018) and minimized overlap

that mothers had a singleton infant between ages ≥5 and <9 months,

between measures of quantity and consistency in the current

were ≥age 18 years, were fluent in English, and had no immediate

study.

plans to leave the geographic area. Exclusion criteria included mater-

2. To measure the consistency of exposure to AWs and CTs, we com-

nal bipolar disorder, maternal psychosis, maternal severe learning dis-

puted the proportion of 5-min epochs out of the total number of

abilities, severe complications during birth, infant head trauma, infant

5-min epochs in the recording in which ≥1 AW (AW consistency)

premature birth (prior to 36 weeks gestation), infant congenital/ge-

or ≥1 CT (CT consistency) was present.

netic/neurological disorders, and contraindication for infant magnetic
resonance imaging. At the infant assessment, dyads participated in

3. Finally, to measure the infant's capacity to vocalize, we computed
the maximum number of infant vocalizations within a 1-h period.

two laboratory-based video-recorded mother–infant interactions and
mothers completed questionnaires and interviews. At the end of this

Laboratory maternal sensitivity

session, a research coordinator provided dyads with a wearable (for

Mothers and infants participated in two laboratory-based caregiving

the infant) audio recording device to assess the infants’ daily language

interactions. We used separate cameras focused on the mother and

environment (described below). When children were approaching age

the infant to record the interactions for subsequent observational

18 months, mothers were contacted to complete a series of online

coding.

questionnaires about their child (toddler assessment). Questionnaire

First, as described previously (Humphreys, King, Choi, et al.,

data were collected and managed using REDCap electronic data cap-

2018; King et al., 2019), dyads completed the 10-min laborato-

ture tools hosted at Stanford University (Harris et al., 2009, 2019).

ry-based repeated Still-Face Paradigm (SFP-R; Haley & Stansbury,
2003; Tronick et al., 1978). The SFP-R is a caregiver–child interaction

2.3 | Measures

stressor that reliably elicits infant distress (Mesman et al., 2009), an
effect we replicated in the current sample (Camacho et al., 2020).
The SFP-R consists of five two-min face-to-face interaction epi-

Measures in the public domain are available at https://osf.io/2gp6b/

sodes between mother and child: (1) a baseline normal play episode;

?view_only=4381f7d2a4c f40b1abcf0 b41f76cdf63. We provide ad-

(2) the still-face episode in which mothers become unresponsive

ditional details concerning the measures in the Data S1.

and maintain a neutral expression without touching their child; (3) a
reunion episode in which mothers resume normal interaction; (4) a
second still-face episode; and (5) a final reunion episode. Following

2.3.1 | Infant assessment

the SFP-R, dyads completed an 8-min “free play” interaction. Dyads
were seated on a playmat on the floor with access to a box of age-ap-

Naturalistic language environment

propriate toys and were instructed to play as they usually would at

As previously described (King et al., 2020), we provided mother–

home.

infant dyads with a Language ENvironment Analysis (LENA) digital

Using the infant adaptation of the Parent–Child Interaction

processing device and specialized infant clothing with written and

Rating Scales (Bosquet Enlow et al., 2014; Sosinsky et al., 2004),

oral instructions that the infant wear the device from waking to bed-

trained independent coders rated maternal sensitivity during each

time on a typical day at home. The LENA device records for up to

30-s interval of the SFP-R and each 2-min interval of the free play;

16 h. To be included in the current analyses, we required families to

possible scores ranged from 1 (not at all characteristic) to 7 (very

have completed ≥8 h of recording. After completing recording, we

characteristic), increasing in half-point increments. Sensitivity was

emailed mothers a link to complete a set of basic follow-up questions

defined as the extent to which the mother demonstrated awareness

about their recording experience, who was with the infant on the

of her infant's cues (e.g., needs, moods, interests) and responded to

day of the recording, and the percent of the day (0–100%) that the

these cues contingently and appropriately (Sosinsky et al., 2004).

mother spent with the infant.

Using coder ratings during the SFP-R and the free play, we calculated

We uploaded the recordings to the LENA analysis software (Xu

the following measures:

et al., 2009), which yields estimates of the number of adult words
(AWs; i.e., the number of overheard “near and clear” words spo-

1. To quantify maternal sensitivity during infant distress, we com-

ken by adults in the infant's vicinity), conversational turns (CTs; the

puted the mean rating of sensitivity across all 30-s intervals

6 of 15
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The HUD low-income limits and the federal poverty thresholds
are posted at: https://osf.io/2gp6b/? view_only=4381f7d2a4c f40b
1abcf0 b41f76cdf63.

mean rating of sensitivity across all 2-min intervals of the free play
(Leerkes, 2011).

2.3.2 | Toddler assessment
To assess reliability, randomly selected subsets of the SFP-R
(N = 17) and free play (N = 24) videos were rated by two coders.

Toddler symptoms of psychopathology

Reliability was good at the level of mean ratings for both sensitiv-

Mothers completed an abbreviated version of the Infant-Toddler

ity to distress (ICC = 0.87) and sensitivity during play (ICC = 0.85).

Social-Emotional Assessment (ITSEA; Carter et al., 2003). The

Finally, to confirm that the free play did not elicit infant distress,

ITSEA, which includes several subscales covering four domains (in-

coders rated infant negative mood using the PCIRS-IA on a scale of

ternalizing, externalizing, dysregulation, and competence), asks par-

1 (very low) to 7 (very high); on average, negative mood was between

ents to rate the extent to which their child exhibits various behaviors

very low and low (mean[SD] = 1.61 [0.82]). Six dyads did not provide

on a scale of 0 (not true/rarely) to 2 (very true/often). Each subscale

usable data for the assessment of maternal sensitivity during infant

is scored by taking the mean of responses. In the current study, we

distress and four dyads did not provide usable data for the assess-

administered eight of the ITSEA subscales, including at least one

ment of maternal sensitivity during play (see Data S1).

subscale from each of the four domains. We computed a total score
for symptoms of psychopathology by summing the mean scores for

Infant negative emotionality

the following scales: internalizing (depression/withdrawal, general

Mothers completed the Short Form version of the Infant Behavior

anxiety), externalizing (activity/impulsivity, aggression/defiance),

Questionnaire-Revised (IBQ-R-SF; Putnam et al., 2014). The IBQ-

and negative emotionality (α = 0.83). A factor analysis indicated that

R-SF, which includes 91 items and several subscales, asks parents to

this approach was appropriate for our data (presented in the Data

rate on a scale from 1 (never) to 7 (always) the extent to which their

S1). Twenty percent of toddlers had symptoms of depression/with-

infant exhibited various behaviors over the past seven days. The neg-

drawal, general anxiety, activity/impulsivity, aggression/defiance,

ative affectivity scale of the IBQ-R-SF is composed of the sadness,

or negative emotionality above age and gender-normed cutoffs for

distress to limitations, fearfulness, and falling reactivity subscales

clinical concern.

(Cronbach's α = 0.88). We focused on this dimension of temperament given that negative affectivity is a broadband risk factor for the

Maternal depressive symptoms

development of symptoms of psychopathology (Kostyrka-Allchorne

Mothers again completed the CES-D to assess depressive symptoms

et al., 2020). Four mothers did not complete the IBQ-R-SF.

in the past week (α = 0.90). At the toddler assessment, 14 percent of

Maternal depressive symptoms. Mothers completed the Center for

cant depression.

mothers had CES-D scores ≥16, indicating risk for clinically signifiEpidemiological Studies Depression Scale (CES-D; Radloff, 1977).
The CES-D, which includes 20 items, instructed mothers to consider
their past week and respond to items on a 4-point scale from 0 (rarely

2.4 | Data analysis

or none of the time) to 3 (most or all of the time), with higher scores
representing greater symptoms of depression (α = 0.92). At the

Scoring scripts are available at https://github.com/babies-study/

6-month assessment, 16 percent of mothers had CES-D scores ≥16,

babies_scoring and primary analysis scripts and analyzed data are

indicating risk for clinical depression.

available at https://github.com/lucysking/lena_18mo_symptoms. All
analyses were conducted in R version 4.0.2 (R Core Team, 2020).

Socioeconomic status. We used measures of maternal education
and family income to operationalize socioeconomic status. Mothers
reported their education level using an ordinal scale ranging from
0 (No schooling completed) to 9 (Graduate degree). Mothers reported
annual household income in bins ranging from 1 ($0–50,000) to 7

2.4.1 | Associations of the dimensions of the
language environment in infancy with symptoms of
psychopathology in toddlerhood

(>$150,000), and the number of people in their household. We
calculated family income-to-needs ratio by dividing the annual

First, we conducted separate ordinary least squares (OLS) linear re-

household income (median point of each bin) by the U.S. Department

gression models testing the association between each measure of the

of Housing and Urban Development's (HUD; www.huduser.gov)

language environment (AW quantity, CT quantity, AW consistency, CT

2017 county-specific low-income threshold for the number of

consistency, infant vocalizations) and symptoms of psychopathology

people in the household. For comparability with studies of poverty

in toddlerhood. We tested each measure separately given that these

in other geographic regions, we also calculated the income-to-needs

measures were moderately to highly positively intercorrelated and

ratio based on the federal poverty thresholds (www.census.gov).

would violate the assumption of non-collinearity if entered together

|
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in an OLS regression model. To identify which measures of language

maternal sensitivity during play. Finally, given that previous studies

input were most strongly associated with symptoms of psychopathol-

have found that indices of family socioeconomic status reflecting

ogy in toddlerhood, we compared standardized estimates and Bayes

greater affluence are positively associated with measures of lan-

Factors (Morey, 2019) for each association. Bayes Factors quantify the

guage input obtained using the LENA system (Fernald et al., 2013;

strength of evidence in support of the alternative hypothesis (i.e., that

Merz et al., 2019), we also tested associations among maternal edu-

the measure of language input is associated with symptoms of psy-

cation (Spearman's rho), family income-to-needs ratio (Pearson's r),

chopathology) versus the null hypothesis (i.e., that the measure of lan-

and measures of the quantity and consistency of language input.

guage input does not explain variance beyond a covariate-only model).
Prior to conducting each of the OLS linear regression models, we
identified covariates associated with symptoms of psychopathology in

3
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toddlerhood using formal model fitting procedures (Chambers, 1992).
Specifically, we started with an intercept-only model and then itera-

We present descriptive statistics for the study sample in Table 1

tively added covariates, comparing the fit of models with and without

and histograms for each of the naturalistic measures of language

each covariate using the "anova()" function in R. We retained covari-

input, laboratory-based measures of maternal sensitivity, and tod-

ates that significantly improved model fit in the final best fitting model.

dler symptoms of psychopathology in the Data S1. Mothers were

We tested the following 13 covariates: infant negative emotionality,

racially and ethnically diverse and tended to be highly educated.

infant age, infant sex, maternal depressive symptoms at the infant and

Based on the HUD low-income limits, which take into account me-

toddlerhood assessments, maternal age, maternal race (White vs. per-

dian income and housing costs in the geographic region in which

son of color), maternal Hispanic or Latinx ethnicity, maternal education,

data were collected, 22% of the sample was “low income.” Based on

family income-to-needs ratio based on the HUD low-income limits,

the federal poverty thresholds, 3% of the sample was in poverty and

family income-to-needs ratio based on the federal poverty thresholds,

12% was “low income” (i.e., ≤200% of the federal poverty thresh-

and the duration of the analyzed LENA recording.

old). In Figure 1, we present Pearson's correlation coefficients for

Second, to complement the results of the separate OLS linear

associations among the naturalistic measures of language input and

regression models, we conducted an elastic net regression—a form

the laboratory-based measures of maternal sensitivity. None of the

of regularized regression—using the “glmnet” package (Jerome et al.,

naturalistic measures of language input was significantly associated

2010) in which we entered all four measures of language input (AW

with either of the laboratory-based measures of maternal sensitivity,

quantity, CT quantity, AW consistency, CT consistency), the quantity

nor were the laboratory-based measures of maternal sensitivity dur-

of infant vocalizations, and the identified covariates as predictors

ing infant distress and during play significantly correlated with each

of symptoms of psychopathology in toddlerhood. Importantly, the

other. However, the measures of language input were positively in-

elastic net regression model is robust to collinearity, retaining cor-

tercorrelated. Although AW consistency was not significantly asso-

related predictors provided that they minimize error (Zou & Hastie,

ciated with AW quantity, CT quantity, or infant vocalizations, it was

2005). Model complexity is penalized using λ, the regularization

strongly positively associated with CT consistency. Furthermore,

parameter, which shrinks the coefficients of correlated predictors

both CT consistency and CT quantity were positively associated

towards each other. We employed a full EN penalty (⍺ = 0.50) and

with each other and with infant vocalizations. To assist readers in

an expected gaussian distribution. We used leave-one-out cross-val-

differentiating the consistency of language input from the quantity

idation to identify the λ value corresponding to the optimal model

of language input, Figure 2 presents the distributions of CTs across

(i.e., the λ that minimized mean squared error), which yields a sparse

the day for two infants: one exposed to lower quantity but higher

matrix of non-zero coefficients. To aid interpretation of the elas-

consistency, and one exposed to lower consistency but higher quan-

tic net coefficient estimates, we computed zero-order effect sizes

tity. In the Data S1, we present correlations between each measure

(Pearson's r-values) for the associations between the variables that

of language input and variability in the LENA recording protocol (i.e.,

were selected by the elastic net model and symptoms of psychopa-

duration of recording, start and end times of recording).

thology in toddlerhood.

2.4.2 | Additional analyses

3.1 | Associations of the dimensions of the
language environment in infancy with symptoms of
psychopathology in toddlerhood

Next, given that laboratory-based observations are the prevailing
method for objectively measuring the caregiving environment, we

The results of formal model fitting procedures testing each potential

conducted OLS linear regression models to determine whether the

covariate of symptoms of psychopathology in toddlerhood indicated

naturalistic measures of language input that we identified as most

that only the inclusion of infant negative emotionality and maternal

strongly associated with symptoms of psychopathology in toddler-

symptoms of depression at the toddler assessment improved model

hood predicted unique variance above and beyond the laboratory-

fit (see the Data S1 for additional information). Therefore, infant

based measures of maternal sensitivity during infant distress and

negative emotionality and maternal symptoms of depression at the
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F I G U R E 1 Correlations among
naturalistic measures of language input
and laboratory-based observations
of maternal sensitivity in infancy.
Coefficients are calculated using pairwise
deletion of missing data (NLanguage Input
Variables = 100, NSensitivity During Play = 96,
NSensitivity to Distress = 94). AW, adult words.
CT, conversational turns

toddler assessment were included as covariates in all subsequent

associated with symptoms of psychopathology when covarying for

models. Infant negative emotionality was positively associated with

infant negative emotionality as was the consistency of conversa-

symptoms of psychopathology in toddlerhood (β = 0.33, 95%CI[0.14,

tional turns (see Figure 3). Both of these associations had small stan-

0.52], SE = 0.10, t(93) = 3.42, p < 0.001, R2 = .11) as were mater-

dardized effect sizes (βAW Consistency = −0.22, βCT Consistency = −0.25)

nal symptoms of depression at the toddler assessment (β = 0.18,

and Bayes Factors indicating “moderate” or “positive” evidence for

95%CI[−0.01, 0.37], SE = 0.10, t(93) = 1.84, p = 0.069, R2 = 0.03).

the alternative hypothesis that they explained meaningful variation

We present the results of each of the four OLS linear regression

in symptoms of psychopathology above and beyond the covariates

models testing each of the measures of language input and infant vo-

(Kass & Raftery, 1995; Quintana & Williams, 2018). However, the

calizations in Table 2. The consistency of adult words was negatively

evidence in favor of CT consistency as a predictor of symptoms
of psychopathology was stronger than for AW consistency (BFAW
Consistency

= 3.00, BFCT

Consistency

= 5.79). Although the quantity of

adult words was not associated with symptoms of psychopathology
in toddlerhood, CT quantity was negatively associated with symptoms (βCT Quantity = −0.22). The Bayes Factor for CT quantity, however, was <3 indicating weak evidence for the alternative hypothesis
that this dimension of language input was associated with symptoms
of psychopathology. Finally, the quantity of infant vocalizations
was negatively associated with symptoms of psychopathology with
moderate evidence in favor of this alternative hypothesis (βInfant
Vocalizations

= −0.24, BFInfant Vocalizations = 4.73).

Results of the elastic net regression in which we entered AW
consistency, CT consistency, AW quantity, CT quantity, infant negative emotionality, maternal depressive symptoms at the toddler
assessment, and the quantity of infant vocalizations together as
predictors of symptoms of psychopathology in toddlerhood indicated that each of these variables, except for AW quantity, helped
to minimize error in the prediction of symptoms of psychopathology
F I G U R E 2 Distinguishing the quantity versus the consistency of
language input in the daily language environment. The distribution
of conversational turns in each 5-min epoch of the day for two
infants: one exposed to less numerous but more consistent
conversational turns (red); and one exposed to more numerous but
less consistent conversational turns (blue)

(see Table 3). Thus, despite moderate to high correlations among
measures of multiple dimensions of infants’ language environments,
these measures appear to contribute uniquely to the prediction of
psychopathology in toddlerhood. Collectively, the variables selected
by the elastic net regression explained 24% of the variance in symptoms of psychopathology in toddlerhood.
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TA B L E 2 Linear regression results
predicting symptoms of psychopathology
in toddlerhood

Dimension of language
environment

R2

β [95% CI]

t

p

Adult words

−0.22 [−0.41, −0.03]

−2.32

0.023

0.05

3.00

Conversational turns

−0.25 [−0.43, −0.06]

−2.63

0.010

0.06

5.79

Adult words

−0.06 [−0.25, 0.13]

−0.62

0.537

<0.01

0.35

Conversational turns

−0.22 [−0.41, −0.03]

−2.28

0.025

0.03

2.80

−0.24 [−0.43, −0.05]

−2.54

0.013

0.05

4.72

9 of 15

Bayes factor

Consistency of input

Quantity of input

Infant vocalizations

Degrees of freedom = 92. Each measure of language input was tested in a separate regression
model including the covariates of maternal depressive symptoms at the toddler assessment
and infant negative emotionality. Bayes Factors indicate the strength of evidence in favor of
the alternative hypothesis that the measure of language input is associated with symptoms
of psychopathology above and beyond the covariates. Bayes Factors ranging from 1 to 3 are
considered “anecdotal” or “barely worth mention” evidence; Bayes factors ranging from 3 to 10 are
considered “moderate” or “positive” evidence (Kass & Raftery, 1995; Quintana & Williams, 2018).

F I G U R E 3 Consistency of adult words
and conversational turns in infancy is
negatively associated with symptoms
of psychopathology in toddlerhood.
Toddler symptoms of psychopathology
are residuals after covarying for infant
negative emotionality and maternal
depressive symptoms at the toddler
assessment. Consistency was analyzed as
a proportion and shown here converted
to a percentage. A score of 50% indicates
that the infant experienced ≥1 adult word
or conversational turn for 50% of the fivemin epochs in the recording day

3.2 | Additional analyses

r(88) = 0.11, 95% CI[−.10, 0.31], p = 0.303; sensitivity during play:
r(94) = −0.19, 95%CI[−0.37, 0.01], p = 0.068). Results were similar

We examined whether the associations between AW consistency

with respect to CT consistency. In an OLS linear regression model

and CT consistency—the measures of language input most strongly

including the three variables of CT consistency, infant negative

associated with symptoms of psychopathology in toddlerhood—

emotionality, and maternal depressive symptoms (infant vocali-

remained when accounting for variation in the laboratory-based

zations were not included in this model due to collinearity with

measures of maternal sensitivity during infant distress and during

CT consistency), CT consistency remained similarly associated

play. In an OLS linear regression model including infant negative

when covarying the laboratory-based measures of maternal sen-

emotionality and maternal depressive symptoms at the toddler

sitivity (β = −0.23, 95%CI[−0.42, −0.04], t(83) = −2.43, p = 0.017,

assessment, AW consistency remained similarly associated with

R 2 = 0.06).

symptoms of psychopathology in toddlerhood when covarying

None of the measures of the quantity and consistency of lan-

the laboratory-based measures of maternal sensitivity (β = −0.22,

guage input was significantly associated with maternal education or

95%CI[−0.41, −0.03], t(83) = −2.26, p = 0.026, R 2 = 0.05). Somewhat

income-to-needs ratio based on HUD low-income limits (correlation

surprisingly, neither maternal sensitivity during infant distress nor

values<|0.18|, p-values>0.066). Findings with respect to the associ-

maternal sensitivity during play was significantly associated with

ation of the consistency of language input with symptoms of psy-

symptoms of psychopathology in toddlerhood when covarying for

chopathology in toddlerhood were highly similar when covarying for

the other variables in the model (sensitivity to distress: β = 0.08,

maternal education and family income-to-needs ratio. Both AW and

95% CI[−0.11, 0.27], t(83) = 0.88, p = 0.382; sensitivity during

CT consistency remained significantly negatively associated with

play: β = −0.11, 95% CI[−0.31, 0.10], t(83) = −1.04, p = 0.300) or

symptoms of psychopathology in toddlerhood (AW consistency:

when examining the zero-order correlations (sensitivity to distress:

β=−0.21, SE=0.10, 95% CI [−0.40, −0.02], t(90)=−2.15, p = 0.034,
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TA B L E 3 Elastic net regression results predicting symptoms of
psychopathology in toddlerhood
Variable
(Intercept)

Elastic net
estimate

Zero-order effect
size (Pearson's r)

0.00

4

|

DISCUSSION

The goal of this study was to examine whether measures of infants’
experiences with adult language input in their daily lives are meaningfully related to the development of symptoms of psychopathol-

CT consistency

−0.02

−0.24

ogy in toddlerhood, and, if so, to determine which dimensions of

AW consistency

−0.15

−0.22

language input are most strongly associated with subsequent symp-

CT quantity

−0.06

−0.13

toms of psychopathology. We used the LENA digital recording de-

Infant vocalizations

−0.14

−0.20

vice and software to naturalistically measure multiple dimensions
of infants’ language environments, including both the quantity and

Maternal depressive symptoms

0.19

0.20

Infant negative affectivity

0.30

0.34

consistency of adult speech and conversational turns (i.e., adult–infant vocal exchanges) in infants’ daily lives as well as the quantity

N = 96. Maternal depressive symptoms were measured at the toddler
assessment. The coefficients of correlated predictors are shrunk
towards each other; thus, although the coefficients are standardized,
lower coefficients do not reflect smaller zero-order effect sizes.
R2Total = 0.24.

measures of maternal sensitivity during infant distress and during

Abbreviations: AW, adult words. CT, conversational turns.

multicollinearity indicated that infants who experienced more con-

of infant vocalizations. Furthermore, we collected laboratory-based
play. The complementary results of separate linear regression analyses and an automatic variable selection technique that is robust to
sistent exposure to adult speech and conversational turns in daily

ΔR2=0.04; CT consistency: β=−0.23, SE=0.10, 95% CI [−0.42, −0.03],
t(91)=−2.30, p = 0.025, ΔR2=0.05).

life had lower symptoms of psychopathology in toddlerhood. Both
the consistency of adult words and conversational turns predicted
symptoms in toddlerhood above and beyond laboratory-based

3.3 | Source of naturalistic language input

measures of maternal sensitivity, maternal reports of infant negative
emotionality, maternal depressive symptoms in toddlerhood, maternal education, and family income-to-need ratio.

A key difference between naturalistic measures of language input

The associations between AW and CT consistency had Bayes

obtained through the LENA system and laboratory-based measures

Factors indicating “positive” evidence in favor of the hypothesis

of language input is that whereas the naturalistic measures capture

that the consistency of adult speech and conversational turns pre-

input from any adult, laboratory-based measures often capture input

dicted symptoms of psychopathology. Overall, based on effect size,

from only one caregiver (usually the mother). Therefore, a possible ex-

the consistency of conversational turns was the strongest predictor

planation for the finding that naturalistic measures of language input

of symptoms of psychopathology in toddlerhood relative to other

were associated with symptoms of psychopathology in toddlerhood

measures of infants’ language environments. The standardized ef-

whereas our laboratory-based measures were not is that AW and CT

fect size for the association between CT consistency and symptoms

consistency reflect the input from adults across a network of caregiv-

of psychopathology in toddlerhood was −0.25, explaining 6% of the

ers who collectively contribute to infants’ experiences. To clarify the

variance. This effect size is in the small to medium range based on

origin of speech in infants’ environments, we examined responses to

Cohen's standards for interpreting effect sizes, where r-values of .10,

the follow-up questionnaire that mothers completed following the

.30, and .50 correspond to small, medium, and large effects (Cohen,

LENA recording. Among the infants whose mothers responded to all

1977, 1988). One way to understand the meaning of a “small” effect

questions on the follow-up questionnaire (N = 74, 74%), all were re-

is to compare it to the magnitude of other associations that are al-

ported to have spent time with their mother on the day of the record-

ready well understood (Funder & Ozer, 2019). The magnitude of the

ing and 88% spent time with both their mother and their father (or

association between CT consistency and subsequent symptoms of

mother's significant other) on the day of recording. Beyond infants’

psychopathology is similar to or larger than those observed in me-

parents, the most common adult present was a grandparent (28%),

ta-analyses of the effects of family socioeconomic status on psycho-

followed by a family friend (18%), or another relative (8%). Only 8%

pathology in childhood (Peverill et al., 2021; r-values ranging from

of infants spent time at daycare and 5% spent time with a babysit-

0.10–0.16) and of the effects of early life adversity on risk for major

ter/nanny. Thus, although we captured input from multiple potential

depressive disorder in childhood (LeMoult et al., 2020; average r-val-

caregivers using the LENA device, it appeared that infants’ parents

ues range from 0.05 to 0.29). In the current study, we did not identify

were the dominant source of input. On average, mothers reported

statistically significant associations between laboratory-based ob-

spending 82% of the recording day with their infant with a modal re-

servations of maternal sensitivity and symptoms of psychopathol-

sponse of 100% (SD=24.04, median=91%, range=10–100%). Neither

ogy in toddlerhood. Findings from large longitudinal cohorts have

the percentage of time that mothers spent with their infants on the

identified small associations of maternal sensitivity in infancy with

recording day (rho=.08, p = 0.479) nor the number of adults present

subsequent symptoms of psychopathology (Kok et al., 2013; Wright

during the recording day (rho=−0.10, p = 0.377) was associated with

et al., 2018; r-values ranging from −0.30–0.13). Therefore, our find-

symptoms of psychopathology in toddlerhood.

ings suggest that measures of language input in infancy are similarly
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important for predicting the development of psychopathology as are

the design of this study does not allow us to identify the mechanisms

other established indices of the quality of the early environment.

for this association. Based on previous theory and research, we posit

Beyond prevailing methods for operationalizing variation in infants’

that infants who experience language input on a consistent basis

experiences (i.e., laboratory-based observations of caregiver behav-

are more likely to develop representations of their environments

ior), the LENA technology may be leveraged to examine signals in

in which adults are available to notice and respond to their cues

infants’ environments that appear to be important for their subse-

(Johnson et al., 2016; Sherman et al., 2015). In turn, these repre-

quent socioemotional functioning.

sentations may affect their emotions and behaviors (Sherman et al.,

Although researchers have used the LENA system to measure the

2015). Other developmental processes (e.g., maturation of executive

early language environment in order to examine vulnerability to lower

function), however, could mediate the association between the con-

levels of cognitive functioning (Gilkerson et al., 2018; Weisleder &

sistency of language input and symptoms of psychopathology.

Fernald, 2013), the current study is the first to leverage this tech-

As previously discussed, although using the LENA system to

nology to investigate these tools in the longitudinal prediction of

operationalize infants’ environments enhances ecologically validity,

psychopathology. We posited that measures of the language envi-

measures obtained from the LENA system are less nuanced mea-

ronment obtained using the LENA may reflect not only the amount

sures of caregiver behavior than are those derived from coding of

of cognitive stimulation an infant receives but—relevant to socioemo-

laboratory-based interactions. Information about facial expression,

tional development—the broader availability of caregivers. Recent

content of speech, and tone of voice paired with LENA recordings is

research using a novel device to passively monitor the physical prox-

likely to yield a more precise understanding of infants’ daily experi-

imity of caregivers and their infants supports this formulation; infants

ences with adults. In addition to reflecting the broader availability of

who experience more adult words and conversational turns spend

adults, AW consistency captures adult words that are not directed

a greater proportion of their day within touching distance of their

to signals from the infant, including conversations among adults in

caregivers (Salo et al., 2020). We proposed that the consistency of

the infant's proximity who may not be aware of what the infant is

adult speech reflects the extent to which adults are physically avail-

doing. An open question is whether any language input indicating

able to initiate or respond to infants’ verbal and nonverbal signals

the availability of adults contributes to the developmental processes

(AW consistency) or the extent to which adults vocally engage with

that reduce risk for psychopathology, or whether only language

their infants on a regular basis throughout the day (CT consistency).

input that is contingent with infants’ signals is operative. Although

Receiving consistent input from caregivers is posited to be funda-

CT consistency directly captures caregivers’ engagement with their

mental to the development of socioemotional skills (Bowlby, 1988;

infants’ vocal signals, it does not capture the tone or content of this

McLaughlin et al., 2017). When caregivers are consistently available,

engagement. The sensitivity with which caregivers deliver language

infants learn that they will receive responses to their verbal and

input may moderate the impact of AW and CT consistency on in-

nonverbal signals, and, gradually, they integrate these experiences

fants’ risk for psychopathology. Clearly, compared to the complete

into the development of effective emotion regulation skills (Calkins,

absence of language input, the presence of any level of language

2011; Calkins & Hill, 2007). Perhaps the strongest evidence for the

input in an infants’ environment is preferable; however, highly con-

importance of available and engaged caregivers comes from studies

sistent input that is not attuned to the infant is unlikely to yield the

of institutionalized infants, who likely experience low amounts of, and

best outcomes (see King et al., 2019, for an in-depth discussion of

inconsistent, input from adults (Zeanah et al., 2006). Several studies

these issues). Future research may use the LENA or similar systems

indicate that these children are at heightened risk for poorer emo-

in tandem with coding of the content and tone of language input in

tion regulation and, ultimately, the development of psychopathology

relation to the infant's state in order to build a more nuanced under-

(Gunnar et al., 2007; Hawk & McCall, 2010; Humphreys et al., 2015).

standing of infants’ experiences and outcomes.

We and others have previously discussed the challenges of mea-

It is important to note that in addition to finding that infants who

suring neglect during infancy among children raised in their fami-

experience more consistent language input were at lower risk for

lies of origin (Humphreys, King, & Gotlib, 2018; Stoltenborgh et al.,

emerging psychopathology, we found that infants’ characteristics

2013), positing that psychosocial neglect is best represented as vari-

were associated with toddler symptoms. Replicating a large body of

ations along a continuum from severely neglectful to highly enriched

previous research indicating that infants with temperaments char-

environments (King et al., 2019). Although we cannot draw strong

acterized by heightened negative affect in response to frustration

conclusions based on a single day of observation, our results high-

and threat are more likely to develop psychopathology (Kostyrka-

light the importance of building a program of research that investi-

Allchorne et al., 2020), we found that infants who were reported

gates variation in infants’ experiences of naturalistic language input

by their mothers to be higher in negative emotionality had higher

in relation to risk for psychopathology. Initially, this research pro-

symptoms of psychopathology in toddlerhood. Furthermore, we

gramme should focus on developing a more nuanced understanding

found that infants who vocalized more in their naturalistic environ-

of what aspects of infants’ environments are captured by these nat-

ments had lower symptoms of psychopathology in toddlerhood.

uralistic measures. Although our results supported our hypothesis

One potential explanation for this finding is that infants who vocal-

that the consistency of language input is more strongly associated

ize more achieve earlier social and cognitive competencies that lead

with symptoms of psychopathology than is the quantity of this input,

to a positive developmental cascade (Masten & Cicchetti, 2010). For
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example, language is critical for communicating needs and forming

In conclusion, while our results should be replicated in future re-

close relationships and for understanding one's own and others’

search, our findings underscore the importance of variation in the

emotions and mental states—skills that help children regulate their

environment in typical family-based settings for emerging psycho-

attention, emotions, and behavior (Salmon et al., 2016). Indeed,

pathology in toddlerhood. In addition to infant and maternal char-

poorer language skills in early childhood have been associated with

acteristics, infants’ experiences of the consistency of adult speech

higher symptoms of psychopathology across later childhood and

and vocal engagement with adults appear to be meaningfully related

adolescence (Bornstein et al., 2013). Our study extends these find-

to their subsequent symptoms of psychopathology in toddlerhood.

ings to infancy and toddlerhood. Importantly, whereas infant char-

Although extant research examining infants’ experiences of lan-

acteristics are difficult to target directly in interventions designed

guage input has focused primarily on cognitive outcomes, our find-

to reduce risk for the development of psychopathology, features of

ings highlight the importance of building a program of research that

infants’ environments are mutable. Single features, such as aspects

investigates variation in infants’ naturalistic language environments

of language input, may have small effects on children's outcomes in

in relation to the development of psychopathology. Ultimately, these

the shorter-term; however, small effects can accumulate over time in

findings may have important implications for the identification and

ways that significantly alter susceptibility to life outcomes and costs

measurement of features of the early environment that confer risk

to society (Funder & Ozer, 2019). Although we do not suggest based

and resilience to psychopathology.

on this single study that interventions should begin to target specifically increasing the consistency of language input, social policies
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burden and minimize demand characteristics and social desirability
effects, we did not collect detailed diaries of the infants’ activities
concordant with the LENA recordings, precluding analysis of how
infants’ language input varies based on their schedules and routines.
For example, we could not identify when infants were napping,
and it is possible that variation in infants’ nap schedules influenced
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