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Abstract

Infants from low-socioeconomic status (SES) house-
holds hear a projected 30 million fewer words than their
higher-SES peers. In a recent study, Hirsh-Pasek et al.
(Psychological Science, 2015; 26: 1071) found that in a
low-income sample, fluency and connectedness in ex-
changes between caregivers and toddlers predicted child
language a year later over and above quantity of talk
(Hirsh-Pasek et al., Psychological Science, 2015; 26:
1071). Here, we expand upon this study by examining fu-
ency and connectedness in two higher-SES samples. Using
data from the NICHD Study of Early Child Care and Youth
Development, we sampled 20 toddlers who had low, aver-
age, and high language outcomes at 36 months from each
of 2 groups based on income-to-needs ratio (INR; middle
and high) and applied new coding to the mother—toddler
interaction at 24 months. In the high-INR group, the qual-
ity of mother—toddler interaction at 24 months accounted
for more variability in language outcomes a year later than
did quantity of talk, quality of talk, or sensitive parenting.
These results could not be accounted for by child language
ability at 24 months. These effects were not found in the

middle-INR sample. Our findings suggest that when the
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quality of interaction, fluency and connectedness, predicts
language outcomes, it is a robust relation, but it may not

be universal.

1 | INTRODUCTION

By school entry, many children from low-socioeconomic status (SES) backgrounds trail behind their
higher-SES peers in both language comprehension and production (Ginsborg, 2006; Hart & Risley,
1995; Levine et al., 2020). These early language abilities predict school readiness levels at the start of
school and academic skills throughout the elementary school years (Pace et al., 2019). Thus, children
from low-SES backgrounds are often at a higher risk for poor academic achievement (Hoff, 2013).

Hart and Risley’s (1995) seminal study on SES and language development identified early differ-
ences in infant-directed speech and projected that, by age 4, children in poverty heard 30 million fewer
words than their more affluent peers. This word gap translated into differences in the children's vocab-
ulary and IQ (Hart & Risley, 1995). Hart and Risley's study has sparked rigorous debate (Golinkoff
etal., 2019; Purpura, 2019; Sperry et al., 2019a), and its findings should be interpreted with caution. It
has been criticized for its small sample size (Pan et al., 2005), the homogeneity of its low-SES sample
(Dudley-Marling & Lucas, 2009; Sperry et al., 2019b), and for how talk was measured (Michaels,
2013; Sperry et al., 2019b). Further, researchers have worried about how SES was defined in the Hart
and Risley study and subsequent research. SES is a multifaceted construct and, as such, is operation-
alized in a variety of ways across different studies, including income, education, and use of govern-
ment assistance. Despite these criticisms, however, the finding that young children from lower-SES
backgrounds hear less talk has been widely replicated across operationalizations of the SES construct
(e.g., Cartmill et al., 2013; Gilkerson et al., 2017; Hoff, 2003; Huttenlocher et al., 2010; Levine et al.,
2020; Vanormelingen & Gillis, 2016).

While the findings on quantity are debated, few debate the other key point that Hart and Risley
made about the importance of the guality of the early language environment. They wrote, “Not all talk
is equally informative, and not all parent—child interactions are equally encouraging” (Hart & Risley,
1995, p. 95). The quality of the early language environment is measured in a variety of ways, including
global factors such as parental sensitivity and cognitive stimulation (Leigh et al., 2011; Mistry et al.,
2008; Raviv et al., 2004) and interactional factors such as lexical and syntactic diversity (Hoff, 2003;
Huttenlocher et al., 2010; Rowe, 2012). Like quantity of talk, studies have found SES-related differ-
ences across many facets of quality (Hoff, 2003; Huttenlocher et al., 2010; Mistry et al., 2008; Raviv
et al., 2004). Studies that examine SES differences in quantity and quality of language input frequently
conclude that variation in these features of the early language environment account for the observed
SES-related differences in children's own language use (see Luo et al., 2016 for a review).

Despite these findings, SES differences are not found in all aspects of language input. Cartmill
and colleagues found that although low-SES families talked less to their children overall, there were
no SES differences in the referential transparency of the speech, or how well the meaning of a word
could be inferred from its context, which was a robust predictor of children's later language skills
(Cartmill et al., 2013). Furthermore, several studies that find SES differences also show large variabil-
ity within SES strata (Cartmill et al., 2013; Gilkerson et al., 2017; Huttenlocher et al., 2010; Pan et al.,
2005). Gilkerson et al. (2017) found that the average amount of verbal engagement, as measured by
conversational turns, by the most talkative half of the lowest-SES sample was higher than that of the



MASEK ET AL. THE OFFICIAL JOURNAL OF THE 125
FINFANCY "isss-wi LEY-2
less talkative half of the highest-SES sample, suggesting that many lower-SES parents are talking and
engaging in more conversation than their higher-SES counterparts.

In all these studies on SES differences, SES and language outcomes are closely related, making it
difficult to tease apart SES differences in language environments that have implications for later out-

comes and those that do not. Furthermore, it is difficult to determine whether the mechanisms for lan-
guage development are the same across SES groups, despite differences in the language environment.
Here, using income-to-needs ratio (INR, defined subsequently) as an approximate proxy for SES, we
attempt to shed light on these observed differences. Drawing upon a large, archived project, we exam-
ined predictors of language outcomes in children from low-, middle-, and high-INR groups. In each of
these three groups, we selected equal numbers of boys and girls and equal numbers of children with
low, middle, and high expressive language outcome. Thus, for each INR group, we could examine the
full range of possible outcomes one year after we observed the quality of the early language environ-
ment and early caregiver—child interactions.

1.1 | A foundation for communication

High-quality interactions between a supportive conversational partner, the child, and a shared object
or event are optimal for children to learn new linguistic items (Adamson et al., 2004; Tamis-LeMonda
et al., 2014; Tomasello & Farrar, 1986). Neuroscience research suggests that engaging children in
back-and-forth conversations (though not the number of words heard) relates to development in re-
gions of the brain related to language (Romeo, Leonard, et al., 2018; Romeo, Segaran, et al., 2018).
In a study of a low-INR sample by Hirsh-Pasek et al. (2015), caregiver—toddler interaction defined by
dyadic conversations infused with symbols, scripted patterns of behavior, and fluid conversation, the
so-called communication foundation, was a stronger predictor of toddler language outcomes than was
the number of words the caregiver said.

The current study extends the findings from Hirsh-Pasek et al. (2015)—which used the system-
atic observational rating methods detailed in Adamson et al. (2016) to describe the communication
foundation that facilitates language development—to two new groups. Hirsh-Pasek et al. examined
this construct in a low-INR sample (income-to-needs ratio less than 1.8, as explained subsequently)
and found that how well mother—toddler dyads worked together to build this foundation at 24 months
predicted expressive language at 36 months, above and beyond the effects of the quantity of language
toddlers heard. These findings held even when sensitive parenting was controlled for. The rating item
that accounted for the largest amount of variance in their study was called fluency and connectedness,
the smooth, back-and-forth communication, both verbal and nonverbal, between caregiver and toddler.
Here, we examine fluency and connectedness across and within two new groups with higher income-
to-needs ratios (middle and high INR) that, like Hirsh-Pasek et al., contain equal numbers of children
with low, middle, and high 36-month expressive language scores.

Although fluency and connectedness has been investigated in diverse samples, there have been
mixed results as to its relation to language outcomes. Some studies find a relation between fluency and
connectedness and later language (Conway et al., 2018; Smith et al., 2018), and others find a relation
in some groups but not all (Adamson et al., 2019). Given the diversity of findings, it is essential to
examine this construct across varying levels of household income among children who are diverse in
terms of language outcomes. If fluency and connectedness predicts language outcomes in our mid-
dle-INR and high-INR samples, it would suggest that it is a central context for early language learning
such that regardless of income level, a toddler who is engaged in more, higher-quality, fluid-and-con-
nected interactions early in development will have better language skills later in development. If
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fluency and connectedness does not predict language outcomes in our middle-INR and high-INR
samples, it would suggest that it is more limited in its relation to later language outcomes such that
fluency and connectedness is more important for low-INR toddlers (Hirsh-Pasek et al., 2015) and
less important for middle- and high-INR toddlers. If this is found, it could be because children from
families with more income have more access to learning materials (e.g., books) and experiences (e.g.,
museums) that promote language skills outside of the context of the caregiver—child interaction (Pace
et al., 2017).

It is also likely that fluency and connectedness relates to other measures of quality language input
such as the diversity of words toddlers hear, though this has yet to be determined. Given that both sen-
sitive parenting and quality of language input vary as a function of income level and relate to later lan-

guage, it is important to determine whether fluency and connectedness relates to language outcomes
above and beyond these other measures. If fluency and connectedness predicts language outcomes
across income levels, and these effects cannot be accounted for solely by either sensitive parenting or
quality of language input, then we have isolated a component of communication that is likely critical
in language development during toddlerhood.

1.2 | Current Study

This study examines parent—toddler interaction at 24 months of age and its relation to child expres-
sive language at 36 months of age. Extending Hirsh-Pasek et al. (2015), who focused on a low-INR
sample, we likewise sampled from the NICHD Study of Early Child Care and Youth Development
(NICHD SECCYD) archive, selecting toddlers from families with middle and high levels of INR.
Like Hirsh-Pasek et al., within each INR group we selected equal numbers of boys and girls and
equal numbers of children who scored low, average, and high on 36-month expressive language. The
present study compares data from the low-INR group from Hirsh-Pasek et al. with our middle- and
high-INR groups. This allowed us to compare groups with different income levels, each of which
contained equivalent ranges of 36-month expressive language variability, as we examined differences
in early language environments and probed whether the fluency and connectedness rating captured
a general feature of language development within each INR group, at least in this sample from the
United States. To provide comparison, we included both 36-month expressive and receptive language
in our analyses (Hirsh-Pasek et al. only included expressive language). Expressive and receptive lan-
guage are considered by some to represent separable skills that, although related, are not equivalent,
especially in toddlers. For example, among children with specific language impairment, most have
impairment in either expressive or receptive language (e.g., Law et al., 2000).

By comparing language-equivalent samples of toddlers from low-, middle-, and high-INR groups,
we sought to answer the following questions:

1. Is the fluency and connectedness rating an equally potent predictor of child language outcomes
across language-equated INR groups? We hypothesize that the mechanisms that spark language
learning are grounded in fluency and connectedness and as such, for all three INR groups,
fluency and connectedness at 24 months will relate to child language skills at 36 months.

2. Is the fluency and connectedness rating a unique predictor of child language outcomes across
language-equated INR groups when accounting for quantity of language input, quality of language
input in terms of lexical diversity, and sensitive parenting? We hypothesize that fluency and con-
nectedness will relate to child language skills at 36 months even when these other variables are
controlled.
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3. Across INR groups, is the fluency and connectedness rating a unique predictor of child language
outcomes when accounting for earlier language skills? We hypothesize that not only does fluency
and connectedness relate to child language skill, but that it will continue to predict language skills
at 36 months when controlling for language at 24 months.

2 | METHOD

This study is an extension of Hirsh-Pasek et al. (2015) and, like it, draws data and uses video records
from the archived NICHD SECCYD, a large-scale, longitudinal study on the effects of childcare on
cognitive, language, and socio-emotional development as well as health (see https://www.nichd.nih.
gov/research/supported/seccyd). Data for the NICHD SECCYD were collected from 10 sites across
the United States and represented the demographics of the United States at the time. Participants were
recruited in 1991 and followed from birth to age 15 years. Several publications from this study docu-
ment the recruitment and demographics as well as details of the study's methodology (e.g., NICHD
Early Child Care Research Network, 2002, 2006).

The present study was conducted according to guidelines laid down in the Declaration of Helsinki,
with written informed consent obtained from a parent or guardian for each child before any assessment
or data collection. All procedures involving human subjects in this study were approved by the Temple
University Internal Review Board (protocol number 21978).

2.1 | Sample selection

Hirsh-Pasek et al. (2015) reported on a low-INR sample (income-to-needs ratio less than 1.8). To as-
sure equal representation of children with low, medium, and high expressive language ability, they
selected 20 children each (10 boys and 10 girls) from the lower third, middle third, and highest third
of eligible children based on their Reynell 36-month expressive language scores (Reynell, 1991; a
standardized language outcome measure). We used the same strategy to select a middle-INR and
high-INR sample (income-to-needs ratio 1.8—4.0 and greater than 4.0, respectively). Thus, our analy-
ses could compare three samples—one from Hirsh-Pasek et al.—each with an equivalent distribution
of expressive language ability.

Like Hirsh-Pasek et al. (2015), when selecting the middle- and high-INR samples, we consid-
ered cases with a valid income-to-needs ratio score when children were 24 months old, a valid
expressive language score on the Reynell at 36 months, and a usable video recording of inter-
action at 24 months and selected cases from 5 of the study's 10 sites—Pittsburgh, Pennsylvania;
Morganton, North Carolina; Charlottesville, Virginia; Philadelphia, Pennsylvania; and Madison,
Wisconsin—because these sites generally had better video recordings than some of the other sites.
When selecting the low-INR sample, Hirsh-Pasek et al. oversampled children with higher expres-
sive language scores. Similarly, when selecting the high-INR sample, we oversampled children
with lower expressive language scores. Oversampling was not required for the middle-INR group
(see Table 1 for details on sample selection). The mean expressive language scores were 100 [96,
1041, 99 [95,103], and 98 [95,102] for the low-, middle-, and high-INR groups (95% confidence
intervals in brackets), which confirms that our selection strategy resulted in equivalent language
score distributions.
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TABLE 1 Number of valid cases in the full, selection, and study samples
INR group Low tertile Mid tertile High tertile
Sample N (boys, girls) N (boys, girls) N (boys, girls)
Middle
Full sample 128 (80, 48) 174 (83, 91) 113 (49, 64)
Selection sample 52 (32,20) 89 (37, 52) 64 (28, 36)
Study sample 20 (10, 10) 20 (10, 10) 20 (10, 10)
High
Full sample 86 (56, 30) 168 (77, 91) 109 (44, 65)
Selection sample 34 (21, 13) 74 (35, 39) 57 (24, 33)
Study sample 20 (10, 10) 20 (10, 10) 20 (10, 10)

Note: The full sample included cases with valid expressive language and income-to-needs ratio scores with usable video. The
selection sample is limited to the five sites from which study sample cases were selected. The study sample consists of the participants
used in this study. For sample selection of the low-INR sample, see Hirsh-Pasek et al., 2015.

2.2 | Sample characteristics

Children's mean ages at the 24-month visit for the Hirsh-Pasek et al. (2015) low-INR sample and for
our two new samples were 25.2, 25.3, and 25.2 months (SDs =1.02, 0.88, and 0.87), respectively. By
design, age did not differ by INR group; one-way analysis of variance n2 =.004, p = 72. Household
income, mother's education, and proportion White, however, did differ. As would be expected, select-
ing groups by INR, the distribution of reported household incomes hardly overlapped (see Figure 1,
top): 92% of the household incomes for the low-INR group were less than $30,000, 87% for the mid-
dle-INR group were between $30,00 and $59,999, and 83% in the high-INR group were higher than
$59,999. These are 1993 dollars. In terms of 2020 dollars, these amounts would be almost doubled
(to $57,500 and $115,000, respectively; bureau of labor statistics, https://data.bls.gov for comparison,
corresponding 2018 percentiles were 46% and 75%; https://www.census.gov).

The distribution of mothers’ years of education overlapped a bit more (see Figure 1, bottom), but still
differed by INR group: 92% of mothers in the low-INR group reported no education past 14 years; 90%
in the middle-INR group reported no education past 16 years, whereas 65% in the high-INR group re-
ported 16 or more years of education. Finally, percentages White were 63%, 80%, and 93% for the low-,
middle, and high-INR groups, respectively (all chi-squared were significant, p < .001; p values for odds
ratios comparing low- to middle-INR groups and middle- to high-INR groups were all less than .05).

In Hirsh-Pasek et al. (2015), the low-INR group was selected to minimize differences in mater-
nal education and child race across child language ability. Similarly, for the middle- and high-INR
samples, there were no significant differences in either maternal education or child race across child
language ability tertiles (all chi-squared were nonsignificant, p > .05).

2.3 | The three boxes mother—child interaction task
As described in Hirsh-Pasek et al. (2015), part of the SECCYD 24-month laboratory visit included a

15-minute semi-structured play session with mothers and their toddlers. The interaction was video-
recorded through a one-way mirror, and sound was recorded using a microphone in the room. Mothers
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Distributions of household income and years of maternal education
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FIGURE 1 Distributions of household income and years of maternal education

were instructed to play with their toddler using the contents of three boxes (labeled 1, 2, and 3), begin-
ning with the first box and ending with the third box. The first box contained a picture book, Barnyard
Tracks. The second box contained a toy kitchen with a shape-sorter, and the third box included an activ-
ity house with a puppy, a baby, and a car. Mothers were given no instruction on how much of the 15
minutes to spend with each box and, if they asked, were told to handle the time with their toddler and the
boxes however they liked. All mothers spoke English and used English during the interaction.

2.4 | Measures of the interaction between parent and child

Hirsh-Pasek et al. (2015) derived variables from observations of these video records. We did the same
for the middle- and high-INR samples. As detailed in Hirsh-Pasek et al., the measure of fluency and
connectedness was rated from the 24-month video records.

2.4.1 | Fluency and connectedness

The fluency and connectedness rating measures the balance of the communication between mother
and toddler as well as the ease of that communication. Dyads were considered to display high fluency
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and connectedness if both mother and toddler took turns initiating interaction and if mother and
toddler took conversational turns without overlap or long gaps in communication. Conversely, the
fluency and connectedness score was considered poor if no conversation was established (i.e., bids
for conversation went unanswered), or if one partner (either the mother or the child) dominated the
conversation. It is important to note that conversation in this context was not necessarily verbal. If
the mother asked, “where's the doggy?” and the toddler held up the doggy, that would be considered
a conversational exchange.

The fluency and connectedness item was rated on a scale from 1 to 7 considering both the number
of episodes and the quality of the conversation (Adamson et al., 2016). An example of a score of 1
would be a dyad who engaged in no conversation at all during the observation. An example of a score
of 4 would be either a dyad who engaged in a few, balanced, and smooth conversational bouts or in
many bouts dominated by the mother. An example of a score of 7 would be a dyad who engaged in
smooth, balanced conversation throughout the interaction.

Training for the low-INR group raters was described in Hirsh-Pasek et al. (2015). For the middle-
and high-INR group, raters received a month of training on six items of the Joint Engagement Rating
Inventory (Adamson et al., 2016) before they rated the video records. This training included a day-
long workshop led by researchers who had extensive experience with the rating items used to charac-
terize parent—toddler interactions and had coded the low-INR videos from Hirsh-Pasek et al. (2015).
Raters used a rating manual (Adamson et al., 2016) that detailed each rating item. Rating typically
entailed viewing the video record of a session three times, during which the rater took notes related to
interactional behaviors including fluency and connectedness, the item analyzed in this study. Raters
were blind to other information about the toddlers, including their Reynell score, except for observed
and inferred racial differences.

To check agreement for the middle- and high-INR ratings, 12 of the 60 sessions (20%) in each INR
group were coded by one of two reliability raters. Both of the reliability raters had served as raters for
the low-INR sample from Hirsh-Pasek et al. (2015). The primary rater for the middle- and high-INR
groups did not know which sessions were to be double-rated. Weighted kappas (Bakeman & Quera,
2011)—weighting 1-point disagreements O (i.e., effectively considering them agreements), weighting
2-point disagreements 1, 3-point disagreements 2, etc.—were .89 and .68 for the middle-, and high-
INR groups, respectively. To produce kappas of this magnitude for these 1-7 weighted ratings with
these marginals, simulated observers would need to be at least 95% accurate on average (computed by
the KappaAcc program, Bakeman, 2018).

2.4.2 | Talk variables

Additionally, we derived variables from transcripts we made of these video records. We transcribed
the three boxes sessions for the middle- and high-INR groups using the Codes for Human Analysis
of Transcripts (CHAT) conventions and then analyzed them using Computerized Language Analysis
(CLAN; MacWhinney, 2000). All transcripts were reviewed for accuracy, and any discrepancies were
settled by a third party. CLAN was used because it allows for the computation of VocD, a measure
of lexical diversity described subsequently. Hirsh-Pasek et al. (2015) used the Systematic Analysis of
Language Transcripts program (SALT; Miller & Iglesias, 2010). To derive VocD, and stay consistent
with the middle- and high-INR samples, the transcripts from Hirsh-Pasek et al. (2015) were converted
to the CLAN format for analysis in this study. Consequently, values we report for the quantity of talk
in the low-INR group vary slightly from those given in Hirsh-Pasek et al. The three language variables
we use for this report are:
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1. Quantity of maternal talk. Quantity of the mother's talk during the interaction was assessed by
maternal words per minute (WPM). Words per minute measures the number of words the mother
uses divided by the length of the interaction in minutes. This measure is used as a measure of
the total amount of talk the child was exposed to that controls for the length of the interaction.

2. Lexical diversity of maternal talk. Lexical diversity of the mother's talk during the interaction was
measured using the VocD algorithm (Malvern et al., 2004). VocD scores are computed by randomly
selecting portions of a person's speech and calculating the type-to-token ratio for each section, then
averaging them together. The average number of utterances for each group were 250 for the low-
INR group (range =71-418), 288 for the middle-INR group (range =113-528), and 298 for the
high-INR group (range =127-500). This method of calculating lexical diversity was used because
it does a better job of controlling for the overall amount of talk than the number of types per minute
and a better job of controlling for length of the interaction than the standard type-to-token ratio.

3. Quantity of child talk. Child talk during the interaction, like maternal talk, was assessed by words
per minute (WPM). Words per minute measures the number of words a toddler uses divided by the
length of the interaction in minutes. This measure is used as a proxy for the toddler's vocabulary
size and overall talkativeness that controls for the length of the interaction.

2.5 | Additional variables

Additionally, we used two variables from the SECCYD archive, sensitive parenting and child's 24-
month expressive language. Sensitive parenting had been used previously in the Early Child Care
Research Network's report addressing childcare effect sizes for different developmental domains
(NICHD Early Child Care Research Network, 2006) and was also used by Hirsh-Pasek et al. (2015)
for the low-INR sample.

2.5.1 | Sensitive parenting

As described in Hirsh-Pasek et al. (2015), sensitive parenting is a composite, created by standardizing
and averaging SECCYD scores for maternal sensitivity and stimulation and responsiveness of the
family environment. Maternal sensitivity was the sum of three rating items—sensitivity and respon-
siveness to the toddler, positive regard, and intrusiveness (reverse scored)—made from video records
of the mother—child interaction and averaged over three ages (6, 15, and 24 months). Stimulation and
responsiveness of the family environment was assessed with the total score of the Home Observation
for Measurement of the Environment (HOME; Caldwell & Bradley, 1984)—a measure that taps into
high-quality aspects of the environment such as variety in daily activities and includes parenting ac-
tions such as acceptance of child's behavior—averaged over 15 and 36 months because the HOME
was not administered at 24 months. Details of these procedures and the validity and reliability of the
interaction procedures and ratings of maternal sensitivity and of the HOME are well documented
(NICHD Early Child Care Research Network, 1999, 2002).

2.5.2 | Child's 24-month expressive language

To provide a second measure of the child's 24-month expressive language ability, independent of the
WPM derived from the transcripts, we took the number of words the child was reported to produce at



MASEK ET AL.

OF INFANT STUDIES

THE OFFICIAL JOURNAL OFTHE
INTERNATIONAL CO

WILEY-{INFANCY

132

‘SYIUOUW 9 I8 PISSASSY,,
*(ST0T) T8 19 Yosed-ysity ur payiodor arom dnoid YNJ-MO][ a) 10] sueouwr 1Yo ‘eengue] oAndooar priyd pue AJSIOAIP [eo1X9] [eurojewr 10j 1doox 1diosqns uowwoos e areys 1s9) 20 Jsod qSH Aon],

e 10d G(* > d JoyIp 10U OP JeY) SUBAIA| "/~ JO O[EDS B UO PAJEL SEA SSIUPDIIIUUOD pub £IUIN]{ “QIUBLIEA JO SISA[EUE KEM-OUO & WOy dIe san[eA d pue Ui "palou SE ‘SIuow 9¢ Je sa100s 95ensue| piyo oy}
10 1do0X9 SYIUOW /7 JB PISSISSE 2IoM SI[BLIBA [V "A[oANoadsal ‘dnoi3 YNJ-YSIYy pue ‘-o[ppIw ‘-mo[ 9y} I0J /G PUB ‘GG ‘€C = U YdIyMm I0J 9109s [(D 2y} 10 1dooxa dnoi3 YN yoeo 10 ()9 = u 210N

(Asen3ue|
€50 €0 LLO 100> 701 1 901 ! 66 ST $6 aAndeoar prry)
L23en3ue|
Y00~ 90°0— 01°0- vLY’ 700° 1 86 91 66 ST 001 aarssardxa prryy
SSaUPIOAUUOI
0T0 01'0 0€°0 0ST 00} 0TT 0Ty 9I'T L6'E €11 e8¢ pue Louanyg
7000 ST0- ST0- 199° SO0 ST 145 €L 145 691 6LE unoo pIoa 140
110 €L0 780 100> PIT 9 e 1 19 611 0 9L INd M PITUD
70 680 €Tl 100> €T LSO Yot0 790 1o L8°0 150~ Sunuared aAnIsueg
KJISIQATP
SS°0 70 L60 100> PeT 11 ’69 €1 c9 Pl 3¢ [BIIX3] [RUISIRIA
620 LEO L9°0 700° 690 91 929 81 RAS 81 IS INdM TRUTIEIN
YSIY-A[PPIAl  USIY-—M0] a[ppIu d A as W as W as W dqBLIEA
—-M0
P s,udyo) SSNEIS VAONV YS1H dIPPIA MO]

dnoas YNJ pazenba-agensue|

So[qeLIBA ApN)s JOJ SONSIIe)s JOUBLIEA JO SIsATeue pue oAnduosoq 7 A 14V.L



— HINFANCY s wiLEy-—
24 months from the SECCYD archive. This number, which approximates the toddler's productive vo-
cabulary size, had been assessed with the MacArthur Communicative Development Inventory (CDI):
Words and Sentences (now called the MacArthur-Bates Communicative Development Inventory or
MB-CDI,; Fenson et al., 1991). Some CDI scores were missing: 7 from the low-, 5 from the middle-,
and 3 from the high-INR groups.

2.6 | Measures of language outcome

We used 36-month expressive and receptive language scores from the SECCYD archive as assessed
with the Reynell Developmental Language Scales (Reynell, 1991). The Reynell consists of two 67-
item subscales: expressive language and verbal comprehension. The expressive language subscale
assesses how well children can define words as well as label and describe objects and activities from
picture. The verbal comprehension subscale assesses how well children can identify objects and fol-
low verbal instruction. These subscales are norm-referenced for children age 1-7 years and were
chosen for their high validity (Reynell, 1991). Hirsh-Pasek et al. (2015) used only the expressive lan-
guage score, but for this study we use both to see whether the relations are equivalent for expressive
and receptive language.

3 | RESULTS

Before addressing our research questions, we ran analyses for descriptive purposes. First, we exam-
ined whether the means for each of our study variables differed across INR groups. Results are given
in Table 2. Low-INR group means were lower than middle-INR group means, which in turn were
lower than high-INR group means, with just two exceptions: As a result of our sampling strategy,
36-month expressive language scores were essentially the same in all three groups, and CDI counts
were greater, but only weakly and not significantly so, in the low-INR group (Cohen's ds comparing
low- to middle- and high-INR groups were both —.15; thresholds for small or weak, medium or moder-
ate, and large or strong ds are 0.20, 0.50, and 0.80; Cohen, 1988), Otherwise—in order of magnitude
for statistically significant differences—low-INR means were strongly lower than high-INR means
for sensitive parenting, maternal lexical diversity, and child WPM; and moderately lower for child's
36-month receptive language and maternal WPM. Low-INR means were strongly lower than middle-
INR means for sensitive parenting, moderately lower for child WPM, and weakly lower for maternal
lexical diversity. And middle-INR means were moderately lower than high-INR means for maternal
lexical diversity and child's 36-month receptive language. For exact d values, see Table 2.

Next, we examined correlations between our study variables, first for the whole sample Table 3)
and then separately for the three INR groups (Table 4). For the whole group, of 28 correlations, 32%
were small, 61% medium, and 7% large (thresholds for small, medium, and large are .10, .30, and .50
absolute; Cohen, 1988); p < .05 for all. Both the magnitude of the correlations and their statistical sig-
nificance varied by INR group. In the low-INR group, 11% were small, 64% were medium, 25% were
large, and none failed to meet the threshold for small; p < .05 for all. In contrast, in the middle-INR
group 36% were small, 25% were medium, 14% were large, and 25% failed to meet the threshold for
small; p < .05 for 54%. In the high-INR group 43% were small, 39% were medium, 14% were large,
and 4% failed to meet the threshold for small; p < .05 for 75%. All correlations were positive (except
for one that failed to meet the threshold for small). Of the 28 correlations, six differed significantly
between low- and middle-INR groups, one between low- and high-INR groups, and two between
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TABLE 3 Correlations for study variables: whole sample

Variable mWPM VocD SensP. cWPM CDI F&C ExpLang

Maternal WPM —

Maternal lexical 45 —
diversity

Sensitive parenting A7 46 —

Child WPM 21 25 .33 —

Child CDI (n = 165) .18 18 22 46 —

Fluency and .36 .33 .36 .65 47 —
connectedness

Child expressive 17 25 17 28 40 .33 —
language®

Child receptive .31 45 .50 43 .37 .39 46
language®

Note: N = 180 unless otherwise indicated. All variables were assessed at 24 months except for the child language scores at 36 months,
as noted. All correlations were significant p < .05.

*Assessed at 36 months.

middle- and high-INR groups (see Table 4). Partly these differences reflect one anomalous case, a girl
in the middle-INR group who had the highest 36-month expressive language score but whose WPM
score was among the five lowest and whose CDI word count was among the six lowest in her group,
and who was rated two on fluency and connectedness (no one scored lower in her group). Without her
data, five of the 28 correlations would differ significantly between low- and middle-INR groups, still
one between low- and high-INR groups, but none between middle- and high-INR groups.

It is noteworthy that all associations between our predictor variables and children's 36-month ex-
pressive and receptive language scores were positive (albeit one near zero) and were for each INR
group:

1. moderate or strong for the four mother and child language variables, sensitive parenting, and
fluency and connectedness in the low-INR group;

2. moderate only for children's CDI count, but otherwise weak or near zero for the other variables in
the middle-INR group;

3. likewise moderate or strong in the high-INR group for the same variables listed for the low-INR
group, except weak for maternal WPM and hardly at all (near zero) for sensitive parenting with
expressive language.

3.1 | Effect of fluency and connectedness on language outcomes across
INR groups

To address our first research question—whether fluency and connectedness was an equally potent
predictor of 36-month child language outcomes in all three language-equated INR groups—we con-
sidered the correlations given in Table 4. The answer is no. Fluency and connectedness correlated
strongly or near strongly with both the child's 36-month expressive and receptive language in the
low- and high-INR groups but not in the middle-INR group. For expressive language, the just strong
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TABLE 4 Correlations for study variables separately by INR group

Variable mWPM VocD SensP. cWPM CDI F&C ExpLang
Low-INR group
Maternal WPM —
Maternal lexical 52 —
diversity
Sensitive parenting 42 .29 —
Child WPM .34, .37, 37 —
Child CDI (n = 53) .30 .29 31 47 —
Fluency and 48 51, 37 75 48 —
connectedness
Child expressive .34 40 35, 48, 43 52,
language®
Child receptive 34 52 .59, 45 35 41, 52
language®
Middle-INR group
Maternal WPM —
Maternal VocD .35 —
Sensitive parenting 47 .52 —
Child WPM —.09, —.06, .05 —
Child CDI (n = 55) 17 .09 .35 .50 —
Fluency and .28 13 41 .56 49 —
connectedness
Child expressive .05 .16 .26, 13, .34 .06,
language®
Child receptive .03 .26 .29, 22 3B 17, 57
language®
High-INR group
Maternal WPM —
Maternal VocD .30 —
Sensitive parenting .33 .27 —
Child WPM 21y 22 19 —
Child CDI (n = 57) .16 .33 20 .58 —
Fluency and .26 29,4 .30 .69 48 —
connectedness
Child expressive 18 .30 —.04, 35, 43 45,
language®
Child receptive 37 .30 33, 46 .58 51, 40
language®

Note: N = 60 for each INR group unless otherwise indicated. All variables were assessed at 24 months except for the child language
scores at 36 months, as noted. Correlations significant p < .05 are bolded. Correlations that differ between groups p < .05 per Fisher

r to z test have different subscripts. Except for maternal lexical diversity and child receptive language, other correlations for the low-
INR group were reported in Hirsh-Pasek et al. (2015).

*Assessed at 36 months.
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correlation in the low-INR group (.52) and almost strong correlation in the high-INR group (.45) dif-
fered significantly from the less-than-small correlation in the middle-INR group (.06). For receptive
language, the small correlation in the middle-INR group (.17) differed significantly from the just
strong correlation in the high-INR group (.51), but not from the moderate correlation in the low-INR
group (.41).

3.2 | Unique effects of fluency and connectedness on language outcomes

To address our second and third research questions—whether fluency and connectedness was a unique
predictor of 36-month child language outcomes across all three language-equated INR groups, above
and beyond the quantity of language input (maternal WPM), quality of language input (maternal
lexical diversity), and sensitive parenting (first question) and above and beyond children's WPM
and CDI counts (second question)—we employed regression models. We regressed each 36-month
language score first on one of the five predictor variables (step 1) and then added fluency and con-
nectedness (step 2). This gives the total variance accounted for by each two-variable model (total R2)
and the unique variance accounted for by fluency and connectedness additionally (AR?). Reversing
the order—entering fluency and connectedness first—gives the unique variance accounted for by each
of the five predictor variables. Finally, subtracting the two unique portions of variance from the total
R? gives the overlap—the proportion of total variance accounted for by the two-predictor variables
jointly, as in a Venn diagram (see Cohen & Cohen, 1983).

The results for children's 36-month expressive language are shown graphically in Figure 2 and for
children's 36-month receptive language in Figure 3. The figures are stacked bar graphs, with each bar
divided into three parts. The height indicates the total R? for the particular two-variable model. The top
portion represents the AR” for the indicated variable when added to a model containing fluency and
connectedness, the bottom portion represents the AR? for fluency and connectedness when added to a
model containing the indicated variable, and the middle part indicates their overlap. Thus, the #* (the
simple correlation squared for the one-predictor model) for fluency and connectedness is the bottom
plus the middle portions; similarly, the #* for the indicated variable is the middle plus the top portions.

In the low-INR and high-INR groups—but not the middle-INR group—fluency and connectedness
accounted for significant additional variance in children's 36-month expressive language, above and
beyond the five variables indicated in Figure 2. In the high-INR group—but again not the middle-INR
group—fluency and connectedness accounted for significant additional variance in children's 36-month
receptive language, above and beyond the same five variables indicated in Figure 3, and in the low-INR
group, only above and beyond maternal WPM and child's CDI count. In the middle-INR group, the
child's CDI count, but not fluency and connectedness, accounted for significant additional variance for
both 36-month expressive and receptive language. See Table 5 for the results of the regressions.

3.3 | Controlling for 24-month child language

The bars presented in Figures 2 and 3 represent 2-predictor models. Of the five bars for each INR
group, two predict 36-month child language outcomes from 24-month child language variables, but
the other three predict from 24-month maternal language variables and a parenting composite based
largely on earlier measures. It is not a given that we should always control for a highly correlated
precursor when predicting an outcome; it can account for so much of the variance that effects of
other variables can be obscured rather than illuminated. Nonetheless, as an exploratory question we
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Accounting for Expressive Language Variance
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FIGURE 2 Accounting for expressive language variance. Note. The bars in this figure show how expressive
language variance was apportioned between fluency and connectedness (F&C) and the specified variable within the
low-, middle-, and high-INR groups. The height of each bar indicates the amount of variance accounted for by a
two-predictor model (total R?, here expressed as a percent). The predictor variables are maternal WPM (m WPM),
maternal lexical diversity (m VocD), sensitive parenting (Sens P), child words per minute (¢ WPM), and child CDI
counts (¢ CDI). Each bar is divided into three parts. The bottom part represents the portion of total R* uniquely
accounted for by F&C, the top part represents the portion of total R uniquely accounted for by specified variable,
and the middle part indicates the portion of total R> accounted for by the overlap between the two variables. Thus the
bottom and middle portions together represent the total amount of variance accounted for by F&C. Unique portions
significant at the .05 level are dotted. See text for further details

asked what the results would be if the models predicting 36-month child language from maternal and
parenting variables included—that is, controlled for—24-month child language. The answer for these
3-predictor models is that the AR? s for fluency and connectedness were reduced—as expected when
additional partially redundant variables are added to a regression model—but most of those that were
statistically significant without control remained statistically significant with control.

For 36-month expressive language in both low- and high-INR groups, the p values associated with
the AR’ s for fluency and connectedness when added to each of the three predictor variables (maternal
WPM, maternal lexical diversity, and sensitive parenting) were all less than .05 (see Figure 2). They
remained so when controlling for CDI counts in both INR groups and when controlling for child
WPM in the high-INR group; in the low-INR group, p values were .10, .16, and .06, respectively, ap-
proaching but not reaching conventional statistical significance. For 36-month receptive language in
the high-INR group, the p values associated with the AR s for fluency and connectedness when added
to each of the three predictor variables were all less than .05, as were the p values associated with the
AR?s for Sfluency and connectedness when added to maternal WPM in the low-INR group (see Figure
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FIGURE 3 Accounting for receptive language variance. Note. The bars in this figure show how receptive
language variance was apportioned between fluency and connectedness (F&C) and the specified variable within the
low-, middle-, and high-INR groups. The height of each bar indicates the amount of variance accounted for by a
two-predictor model (total R%, here expressed as a percent). The predictor variables are maternal WPM (m WPM),
maternal lexical diversity (m VocD), sensitive parenting (Sens P), child words per minute (¢ WPM), and child CDI
counts (¢ CDI). Each bar is divided into three parts. The bottom part represents the portion of total R* uniquely
accounted for by F&C, the top part represents the portion of total R> uniquely accounted for by the specified variable,
and the middle part indicates the portion of total R> accounted for by the overlap between the two variables. Thus the
bottom and middle portions together represent the total amount of variance accounted for by F&C. Unique portions
significant at the .05 level are dotted. See text for further details

3). They remained so in the high-INR group (albeit p = .061 for sensitive parenting when controlling
for child WPM) and in the low-INR group when controlling for child CDI count but not child WPM.

In sum, when predicting expressive language, the pattern of statistical significance was not affected
when controlling for CDI (6 of 6 remained significant) but was reduced when controlling for child
WPM (3 of 6 remained significant, although p = .060 for a fourth). Corresponding numbers when pre-
dicting receptive language were 4 of 4 for CDI and 2 of 4 for child WPM, although p = .061 for a third.

4 | DISCUSSION

In this study, we expanded upon prior research by asking whether more fluid and connected caregiver—
toddler interaction at age 2 years predicted better language outcomes at age 3 years for children from
families with higher household incomes than the low-income families reported by Hirsh-Pasek et al.
(2015). By examining children with a range of language outcomes across income level, this research
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TABLE 5 Accounting for variance in expressive and receptive language

Low-INR group Middle-INR group High-INR group

Variable F&C Total Variable F&C Total Variable F&C Total
Variable R? AR* R? R? AR* R* R? AR? R?

Expressive language

Maternal WPM 11 16 28 0.3 0.2 0.5 33 17 21
Maternal VocD 16 13 29 2.6 0.1 2.7 9.1 14 23
Sensitive parenting 12 18 30 7.0 0.3 7.3 34 20 24
Child WPM 23 5.7 29 1.8 0.1 1.8 12 8.2 21
CDI word count 18 16 35 12 33 15 14 9.0 28
Receptive language
Maternal WPM 11 7.9 19 0.1 29 29 14 18 )
Maternal VocD 27 2.7 30 6.6 1.9 8.5 8.8 20 28
Sensitive parenting 34 4.1 39 8.2 0.3 8.5 11 19 30
Child WPM 20 1.1 22 4.7 0.3 5.0 22 6.9 28
Raw CDI score 12 13 25 12 0.1 13 33 6.4 40

Note: n = 60 for each INR group except for the CDI score, for which n = 53, 55, and 57 for the low-, middle-, and high-INR group,
respectively. The R? for the specified variable, the AR* when fluency and connectedness (F&C) is added, and the total R* are from
stepwise, hierarchic multiple regressions. Statistically significant (p < .05) proportions of variance are bolded. Totals may not sum
exactly due to rounding. Similar statistics for maternal WPM and sensitive parenting in the low-income group were reported in Hirsh-
Pasek et al. (2015).

Abbreviations: CDI, Communication Development Inventory; WPM, words per minute.

answers questions about the role of fluency and connectedness in relation to other input features such
as quantity and quality of language input, as well as sensitive parenting. Like very few other studies
(e.g., Cartmill et al., 2013), we examined variation within income level and asked whether the same
mechanisms fed learning outcomes across income groups.

We first asked whether the finding from Hirsh-Pasek et al. (2015)—that fluency and connected-
ness at 24 months predicted language at 36 months in a low-INR sample—extended to samples of
middle- and high-INR toddlers. We hypothesized that it would, but this prediction was only partially
supported. In the high-INR sample, fluency and connectedness was a moderate to strong predictor
of language (r = .45, .51; comparable values for the low-INR group were .52, .41). This relation,
however, was not found in the middle-INR group (r = .06, .17), a surprising finding that we discuss
in depth later.

We next looked at whether the findings persisted after controlling for the amount of parent talk,
the quality of parent talk (as measured by lexical diversity), and sensitive parenting. For the low-INR
and high-INR toddlers, they did, but for the middle-INR group they did not. For the high-INR sample,
fluency and connectedness uniquely predicted both expressive and receptive language over and above
the other variables. For the low-INR sample, fluency and connectedness was a unique predictor of
expressive language over and above the other variables and a unique predictor of receptive language
over and above amount of talk. The results in the low- and high-INR groups suggest that the relation
between fluency and connectedness and language skills seen in these groups could not be fully ac-
counted for by the experience of more talk, richer talk, or overall more sensitive parenting. This result
implies that the behaviors that make up fluency and connectedness are specific to language learning
and not merely a measure of overall higher-quality parent—toddler interaction.
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Finally, we examined whether fluency and connectedness predicted language outcomes when we
controlled for earlier child language ability at 24 months. Once again, in the low-INR and high-INR
samples, it did but in the middle-INR group it did not. We looked at two indicators of productive
language at 24 months, talkativeness during the interaction and parent-reported expressive vocabu-

lary, and for the low- and high-INR groups fluency and connectedness predicted child expressive and
receptive language skills over and above these variables, with one exception. This provides evidence
that the quality of communication adds some additional information to our understanding of language
development over and above the child's earlier language skills.

4.1 | Implications of findings from the low- and high-INR samples

The data from the low- and high-INR samples provide evidence that the importance of language input
comes not just from quantity and quality of talk or even general sensitive parenting, but from embed-
ding talk into a meaningful, communicative context. This is supported by research using the Human
Simulation Model (Cartmill et al., 2013; Gillette et al., 1999; Trueswell et al., 2016), which suggests that
to learn a new word, an infant only needs to hear it once, but the word must be heard in the right context,
a context in which the infant's attention, the language input, and the referent of the input are aligned.
Hearing a word many times may increase the chance it is heard in the correct context, but the number
of times in and of itself is less important. If an infant is consistently engaged in high-quality interaction,
the chance of hearing any given word in the ideal, aligned context is higher, making the total number of
words heard, up to a certain point, irrelevant. In terms of fluency and connectedness, it is helpful when
the parents’ talk is embedded in the context of the back-and-forth interaction. If the interaction is fluid
and balanced, the infant is hearing language input in a way that aligns with the dyad's shared attention
and the conversation is adjusted in such a way that the infant has an opportunity to actively participate.

The importance of back-and-forth interaction also relates to the idea of parental responsivity, com-
munication in which the caregiver responds to the infant in way that is both temporally and themati-
cally appropriate while adjusting their speech to the infant's communication level (Reed et al., 2016;
Tamis-LeMonda et al., 2014). Parental responsivity has been shown to relate to children's language
learning (e.g., Goldstein et al., 2003; Landry et al., 2008; Tamis-LeMonda et al., 2001) and may set
the stage for fluent and connected conversation. When an adult responds in a prompt and meaningful
way to an infant's explorations, the infant stays focused for longer periods of time (Mason et al., 2018;
Miller et al., 2009; Miller & Gros-Louis, 2013), which may in turn allow for more of the balanced and
tightly coupled back-and forth communication characterized by fluency and connectedness.

The importance of high-quality communication for language development is further supported by
recent findings that both activation and connectivity in Broca's area, a region of the brain strongly
associated with language, are related to the number of conversational turns, but not the amount of
speech, that children heard (Romeo, Leonard, et al., 2018; Romeo, Segaran, et al., 2018). Although
that study looked at the amount of conversation and not the quality of the conversation per se, it
suggests that language-related brain development is associated with engaging in conversation with
children, not talking at them.

4.2 | Small magnitude of effects in the middle-INR sample

When we considered our combined sample—which contained equal numbers of families from the
three INR groups and which had been selected from a sample of families in which the three INR
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groups were approximately equally represented (28%, 38%, and 34% were in the low-, middle-, and
high-INR groups, respectively)—we found that associations of 24-month maternal quantity and qual-
ity of talk were weakly to moderately associated with 36-month expressive and receptive language.
The rating of fluency and connectedness was moderately associated. Yet when we considered the three
INR groups separately—most household incomes less than $60,000, between $60,000 and $120,000,
and over $120,000 (in 2020 dollars), respectively—a different pattern emerged for the middle-INR
group. In the middle-INR group, associations of maternal quantity of talk with expressive and re-
ceptive language were near zero and associations of fluency and connectedness were near zero for
expressive and weak for receptive language—in contrast to moderate and strong associations in the
low- and high-INR groups. Only quality of maternal talk deviated a bit from this pattern. Its associa-
tions with expressive and receptive language were weak in the middle-INR group, although moderate
to strong in the low- and high-INR groups. Furthermore, when multiple predictors were examined in
the regression, the predictors accounted for less variance in outcomes for the middle-INR compared to
the low- and high-INR. Indeed, for the middle-INR sample, the median amount of variance accounted
for was 2% for expressive language and 9% for receptive language, whereas in the low- and high-INR
samples, the medians were 29% and 22% for expressive language and 25% and 30% for receptive lan-
guage, respectively. The question is, what accounts for the different pattern in the middle-INR group.

We propose two possible explanations. First, it could be an unlucky draw or a result of equating
our samples for expressive language, but this seems unlikely. We compared means and correlations in
the selected and unselected middle-INR samples and found little difference. The standardized mean
differences for variables in the SECCYD archive—child CDI word count, sensitive parenting, and ex-
pressive and receptive language—were 0.01 to 0.03. And correlations of CDI counts with expressive
and receptive language were moderate in both samples, ranging from .34 to .41, although correlations
for sensitive parenting were weak in the selected sample (.26, .29) but still moderate in the unselected
sample (.38, .47).

Second, there could be a real difference in language learning between children from middle-INR
backgrounds and children from either low- or high-INR backgrounds. A meta-analysis of 37 empir-
ical papers looking at the associations between parental responsiveness and child language found
larger effect sizes in low-SES samples and diverse-SES samples than in middle-to-high-SES samples
(Madigan et al., 2019)—recognizing that these groups do not necessarily align with our low-, middle-,
and high-INR groups. Of the 12 studies identified as having middle-to-higher-SES samples, three
studies made a broad statement about SES (e.g., mostly middle-class; Heinicke et al., 1986), three
studies presented an average for indicators of SES (e.g., median income; Karrass, & Braungart-Rieker,
2003), five studies presented both an average and a range for indicators of SES (e.g., median and range
for family income in dollars and parent education; Nozadi et al., 2013), and one study had two groups
based on maternal education (Bee et al., 1982). None of the samples in these studies would have fit
our definition of middle-INR. It is possible that measures of language input that have been found to
predict language outcomes in higher-SES samples and lower-SES samples simply do not generalize
to middle-SES samples, and this has yet to be evident because middle- and higher-SES groups are so
often grouped together. Even in Hart and Risley’s (1995) classic study, the “working class” sample
was initially identified as two separate SES groups that were then combined.

To determine whether any recent studies had looked at the relation between parent—child inter-
action and language development in a sample similar to our middle-INR sample, we conducted an
in-depth review of the literature. Using Google Scholar, we looked at studies published between 2015
and 2020 that included the terms “parent-child interaction” or “parent-infant interaction” or “par-
ent-toddler interaction” and either “language” or “vocabulary” and either “middle-income” or “mid-
dle-SES.” These searches yielded 1,648 results, none of which examined parent—child interaction at
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24 months and language outcomes at 36 months in a middle-INR sample in the United States. Thus,
the middle-INR group appears to be surprisingly understudied. If it is the case that the findings from
the low-, middle-, and high-INR groups do indeed represent true group differences, future research
needs to investigate the relation between children's early social interactions and language development
in children from middle-INR families, separately from their higher- and lower-INR peers, to deter-
mine whether there are differences in the relations between features of caregiver—child interaction and
language development in this group.

4.3 | Limitations

To answer the research questions posed, participants were selected to represent a wide range of abili-
ties at all levels of family income, oversampling high-achieving, low-INR toddlers and low-achieving,
high-INR toddlers. Although this allowed us to see the full range of variability within each income
group and tease apart the often-intertwined effects of income level and language proficiency, this is
not the same distribution as would be seen in the general population. These effects should also be
investigated in a representative sample to see whether the same amount of variation exists and if there
are income group-based differences in fluency and connectedness during parent—toddler interaction.

SES—however variously defined—is a conglomerate of factors, including income, job prestige,
and education, that speak to one's access to social and economic resources. Here, we used income-to-
needs ratio to sample groups classified as high-INR, middle-INR, and low-INR. Even though these
groups were selected based on household income, the average education levels of the mothers were
significantly different across our income groups, suggesting that our income group distinction might
reflect differences in other facets of SES. Future research should further examine how other indicators
of SES, such as use of government assistance, relate to the quality of caregiver—child communication.

Although the sample was diverse in terms of income, all toddlers were North American speakers
of English and the majority identified as White, although percentages varied by INR group. Research
suggests that there are ethnic and racial differences in talk that have implications for children's lan-
guage development (e.g., Tamis-LeMonda et al., 2012). Given the differences observed across income
groups in the proportion of White children, we were unable to investigate the role of racial and ethnic
differences in talk. However, a recent study found that fluency and connectedness, in concert with
other aspects of the quality of communication, predicted language and early literacy outcomes in a
low-income Mexican-American Spanish-speaking sample (Adamson et al., unpublished data). Future
research should examine these features of high-quality caregiver—child interaction in other samples.

Similarly, caregiver talk also varies across cultural groups of the United States. Research suggests
that cultural group differences outweigh SES differences in talk (Sperry et al., 2019b). Although our
sample was drawn from different areas of the United States, participants were not selected to be rep-
resentative of specific cultural groups, precluding examination of these differences. Future research
should also investigate cultural group differences in the fluency and connectedness of interactions
between caregivers and children.

4.4 | Future directions

This study looked specifically at mother—toddler interaction, though evidence suggests that even
within the United States infants are often cared for by a variety of adults and older children, especially
in lower-SES families (Sperry et al., 2019b). Furthermore, research suggests that if children do not
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have a sufficiently rich early language environment in the home, either by adults or other children
such as siblings, caregivers in daycare might be able to compensate (Vernon-Feagans et al., 2013).
To get a fuller picture of the effects of caregiver—child interaction and quantity of language input, re-
search should investigate how fluid and connected interactions are established by different caregivers.

Along with different caregivers, future research should consider different activities in which care-
giver and child are involved. Research has shown that parent talk (Hoff-Ginsberg, 1991; Montag et al.,
2018) as well as parental responsivity (Bornstein et al., 1999) and various aspects of joint engagement
(Adamson et al., 2004, 2012) vary by the activity and context. Looking at fluency and connectedness
in a wider range of activities will help to develop a better understanding of this construct.

5 | CONCLUSION

In conclusion, this study expanded upon prior research in two ways: (a) by asking whether the mecha-
nisms for language development that work within a group for toddlers from low-SES backgrounds
hold for toddlers from higher-SES backgrounds when child language outcomes are equated across
income; and (b) by examining the effects of other parenting factors and earlier child language ability
relative to fluency and connectedness on language outcome across an economically diverse sample.
We found support for our hypotheses in the high-INR group but not in the middle-INR group. These
findings raise the question of whether the measure of fluency and connectedness captures a central
feature of caregiver—child interactions that promote language and suggest maybe it does not for all
income groups. Indeed, the surprising lack of effect in our middle-INR group raises the question of
for whom fluency and connectedness builds language and if the research done on language learning
has adequately represented children from middle-INR homes. For children in the low- and high-INR
group, the prediction from fluency and connectedness was robust, suggesting that a strong foundation
for communication through fluid and connected interactions may boost language development for
some children. Future research should aim to understand what aspects of interaction promote lan-
guage learning within and across SES groups to better understand how early caregiver—child interac-
tions support optimal language development.
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