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Appendix  

A. Related Literature on Children’s Language Development  

This section presents a detailed literature review on children’s language development.  

Gough and Turner (1986) proposed an influential theoretical model of how children become 

proficient readers. According to their model – known as the Simple View of Reading – reading 

proficiency requires two different skills: decoding skills and language comprehension skills. 

Decoding, or word recognition, is the capacity to recognize print and read words written on a 

page. Language comprehension is the ability to make sense of the language one hears or 

reads. As Scarborough, Neuman, and Dickinson (2009)  argued, a child who cannot read 

proficiently is a child who lacks one or both of these two different skills. However, empirical work 

suggests that failure to read proficiently is disproportionately due to a lack of language 

comprehension skills. Foorman et al. (2018) provide compelling evidence about the importance 

of language proficiency in explaining variability in reading proficiency. The authors quantified 

language proficiency with listening comprehension19, vocabulary20, and syntax measures.21 The 

team assessed decoding skills with assessments of phonological awareness22 and tests of 

decoding fluency.23 According to their findings, 80% of reading skills variability at Grade 10 is 

due to variability in language comprehension skills.24 The PIAAC study by the OECD (2016) 

measured literacy proficiency in how well the test takers performed in the test (percent of correct 

answers) and how fast they answered the questions. Their data show that proficient readers 

(those at Level 5) had only slightly better performance than below-basic readers (the ones 

below Level 1) in tests that measured decoding skills. However, below-basic readers had much 

worse performance and much lower speed in items that measured paragraph interpretation or 

                                                      
19 The measures of listening comprehension varied across grades. In Grades 1 and 2, the examiner read 
two narrative passages from the Florida Assessment for Instruction in Reading (FAIR, Florida Department 
of Education, 2009-2014) and asked the student to retell the passages. In Grade 3, the authors measured 
listening comprehension with the Clinical Evaluation of Language Fundamentals (CELF-4, Paslawski, 
2005).  
20 The team measured expressive vocabulary with FAIR Vocabulary Task (Grades 1 and 2), Peabody 
Picture Vocabulary Test-4 (PPVT-4, Dunn & Dunn, 2007) and the Study Aid and Reading Assistant 
(SARA, Sabatini et al., 2013). 
21 The authors measured receptive and expressive syntax with CELF-4.  
22 The study team measured phonological awareness in Grades 1 and 2 with the Comprehensive Test of 
Phonological Processing-2 (CTOPP-2, Wagner et al., 2012).  
23 The Test of Word Reading Efficiency–2 (TOWRE-2, Torgesen et at., 2011) is the instrument the team 
used to measure decoding fluency.  
24 In elementary grades, language comprehension unique factors as well as common factors of decoding 
and language comprehension skills explain all of the variability in reading.  
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short logical sentence comprehension. In sum, the socioeconomic gaps in language skills 

substantially predict the socioeconomic gaps in reading proficiency.  

Research suggests that early language environment influences language development.  

Weisleder and Fernald (2013) show that the quality of a child’s language environment25 at 

baseline (age 19 months) predicts vocabulary and language processing skills26 five months 

later, even after controlling for vocabulary and language processing skills at baseline. These 

findings are consistent with Pan et al. (2005), who showed that the more complex the maternal 

linguistic input, the larger the child’s vocabulary.27 Gilkerson et al. (2018) report the results of a 

longitudinal study that first measures the quality of infants’ and toddlers’ language environment28 

and then, when the same children are nine to fourteen years old, measures their IQ and 

language development.29 The authors show that conversational turns between adults and 

children accounted for 14% to 27% of the later human capital dimensions variance.  Romeo et 

al. (2018) show that children who experienced more conversational turns with adults also 

exhibited greater activation of an area of the brain linked to language processing30, as 

measured by a storytelling task in the fMRI, even after the authors control for the family’s socio-

economic characteristics and the child’s IQ.  

Research shows that there is a sizeable socioeconomic gradient in the language 

environment. The relation between family SES and the child’s early language skills is partly due 

to the quantity and quality of parent speech directed towards the child during day-to-day 

interactions. For example, Hart and Risley (1995) estimated that high-SES children heard 

approximately 2,153 words per hour. In contrast, children from low SES families heard only 

about 616 per hour. Hoff (2003) showed that high-SES mothers use longer utterances and more 

                                                      
25 The authors measure the child’s language environment by the number of words in child-directed 
speech (that is, not counting speech that is overheard, but not directed to, the child) during a ten-hour 
period.  
26 The authors use the Looking-While-Listening task (LWL, Fernald et al., 2008) to measure language 
processing skills. In the LWL procedure, infants look at pairs of pictures while listening to speech naming 
one of the pictures, and their gaze patterns are video-recorded as the sentence unfolds in time. Reaction 
time (i.e., the amount of time the infant shifts away from the distracter to the target picture) is the measure 
of language processing skills. Children with higher processing skills take less time to shift away to the 
target picture. 
27 See also Hoff (2003). 
28 The quality of the language environment is estimated by the number of conversational turns between 
adults and children and the number of adult words spoken around the child. These are the same 
measures we use in our study.  
29 IQ is measured with the Wechsler Intelligence Scale for Children (Wechsler, 2014). Language 
development is measured with the PPVT and the Expressive Vocabulary Test (Williams, 2007).   
30 Broca’s area.  
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vocabulary words with their children than low-SES mothers. 31 Rowe and Goldin-Meadow (2009) 

found that high-SES mothers gesture more about objects in the environment when they are 

close to their infants and toddlers. They also report that lower SES mothers talk less often, use 

smaller vocabulary, and employ syntactic structures that are less varied or complex. The low-

SES mothers also tend to command instead of engage with their children. Higher SES children 

are more likely to be exposed to rarer vocabulary, more linear narratives, more open-ended 

questions, and other speech characteristics more closely aligned to the school system’s 

academic language environment (e.g., Fernald et al., 2012; Hart & Risley, 1995; Hoff, 2006). 

All in all, it is a desirable goal to have children become proficient readers. Still, many 

low-income children fail to reach even basic literacy levels because they do not have 

appropriate language skills. Developing these skills requires greater exposure to language so 

that children can practice and hone their language processing skills and simultaneously 

increase their vocabulary. 

B. The Context and The Philadelphia Human Development Study 

The Philadelphia Human Development (PHD) Study is a longitudinal study that 

measures parental beliefs about the impact of early investments on early human capital 

formation. The study recruited 822 English-speaking women in the second trimester of their first 

pregnancy. Approximately 80% of the participants received prenatal care from inner-city clinics 

that predominantly served Medicaid-insured patients. The remaining 20% of the study 

participants received prenatal care from suburban clinics that primarily served privately-insured 

patients.  

The original study design involved three visits. At the time of enrollment, the first visit 

was at the prenatal-care clinic. We measured parental beliefs and collected data about the 

study participants’ demographic characteristics on the first visit. Table B.1 presents the 

summary statistics of the two groups of PHD Study Participants (inner-city and suburban 

samples). The pregnant women in the Medicaid clinics are more likely to be poor, single, and 

have lower educational attainment. Furthermore, they are less likely to be non-Hispanic white.  

The second visit occurred when the baby was between 8-12 months old at the child’s 

home. For the second visit, we encountered 687 of the 822 participants. We used two 

instruments to measure investments in the early human capital of children. First, in all 

                                                      
31 See also Huttenlocher et al. (2007). All of these studies count words directed to the child and do not 
count words the child overhears in adult speech. 
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households, we assessed the quality of parent-child interactions by the Home Observation for 

the Measurement of the Environment or HOME (Bradley & Caldwell, 1980). In Table B1, we 

show that the gap in the HOME score between the inner-city and suburban samples is about 

83% of a standard deviation. Cunha et al. (2022) combined data from the first and second 

rounds of the PHD study and found that parental beliefs elicited in the first round predicted 

heterogeneity in early investments in children as measured by the HOME inventory in the 

second visit (about one year later). 

Second, we selected 272 families to study the language environment’s quality using the 

LENA Pro System (Gilkerson & Richards, 2008). We obtained valid data for 239 families. 

Therefore, we recorded the quality of the early language environment that low-income children 

experience on a typical day when they were about one year old. Table B1 shows that the 

children in the inner-city family had approximately 306 conversational turns with an adult during 

a 12-hour recording period, and children in the suburban sample had around 344 conversational 

turns during the same period. The difference, however, was only marginally statistically 

significant at the 10% level. It was surprising to see differences in conversational turns at such a 

young age because children do not yet “talk” (even though they vocalize). Conversational turns 

matter because  show that the differences in the number of conversations initiated by children in 

high and low socioeconomic groups mainly determine the deficits in the parental linguistic input 

(words addressed to the child) between groups. We did not find differences in adult word counts 

in the PHD study. However, as we explain below, the automatic counts include both words used 

in child-directed speech and speech not directed to the child but captured by the device 

because the adult is close to the child. Finally, the Inner-City sample children watched one extra 

hour of TV daily.  

The third visit happened at the Children's Hospital of Philadelphia research building 

when the child was between twenty-two and twenty-six months old. We assessed the 

development of 674 (out of the 822) children using the Bayley Scale of Infant Development 

(BSID III). The BSID III contains two language development dimensions: receptive language 

(ability to understand language input) and expressive language (ability to produce language 

output). First, we average these two scores to estimate a composite language score. Then, we 

use the BSID III normalizing statistics to calculate the age-normed score. Table B1 shows that 

the children in the inner-city sample are 56% of a standard deviation below the mean in 

language development. In comparison, the children in the suburban sample are 21% of a 
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standard deviation above the mean. Therefore, we estimate a difference of nearly 77% of a 

standard deviation in language development around age two years. 

A diverse body of literature in the social sciences has extensively documented the 

differences between socioeconomic groups in investment and human capital (e.g., Duncan and 

Murnane, 2011). The data from the PHD Study showed that the within-group differences are 

even more considerable. Table B2 reports our estimates of between and within variation in 

investment and child development measures. The within-group variation is 89% to 86% of the 

total variance for the HOME and the Bayley Language Composite Score, respectively. For 

conversational turns, the variation was almost entirely within groups. A possible result of the 

difference between the HOME scale and the LENA system is that the former aims to capture a 

child’s environment’s permanent aspects. In contrast, the LENA system may record a mixture of 

permanent and transitory elements of the child’s language environment, and transitory shocks 

vary greatly within groups but little across groups. 32  

Another possibility is that the HOME scale captures the child environment’s elements 

more strongly impacted by household income. At the same time, the LENA system is sensitive 

to parental behavior that is not influenced by family income. To investigate this issue, we 

regress standardized HOME and standardized total conversational turn counts against family 

income quartiles.33 Indeed, as we present in Table B3, the correlation between family income is 

stronger with HOME scores and much weaker with LENA scores.  

Next, we correlated early investment measures, which we collected on the second visit, 

with the language development measures we obtained on the third visit (about one year later). 

Our goal was to compare the predictive performance of the HOME with that of the LENA 

measures. Therefore, we constrain our analysis with the smaller sample (N = 223) for which we 

have both types of measures of language environment. We display the results in Table B4. 

First, we estimate the correlation between our language development assessments with each 

language environment measure separately. Then, for each of these one-to-one relationships, 

we estimate four models. The first model does not control for any observable characteristics of 

                                                      
32 Sampling variability is a challenge of using audio data obtained through one recording day. A child’s 
language environment can fluctuate daily because of variations in adults’ or child’s moods, the number 
and personalities of adults in the household, and the child’s health (an ill child may sleep more hours, for 
example). One could reduce sampling variability by recording the audio environment for three or four 
days and then averaging across days. However, this procedure burdens participant families and requires 
appropriate funding because of the logistical costs of such an operation. 
33 We adjust for the recording duration when we include the total counts of conversational turns in the 
model.  
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the family (but controls for recording duration for the LENA measures). The second model adds 

demographic covariates (race, ethnicity, dummy for maternal year of birth between 1978-1987, 

dummy for college education). The third model adds a dummy for the inner-city sample. The 

fourth model has dummies for quartiles of family income. Panel A shows the results for the 

HOME, and we can see that the HOME at nine months predicts language development at age 

24 months, but the strength of the prediction decreases by almost 73% from Model 1 to Model 

4.  Panel B displays the results for conversational turn counts. The relationship with language 

development at age 24 months is stable as we move from Model 1 to Model 4. Panels C and D 

present the same analysis for adult word counts and exposure to TV, respectively. Once we 

control for observed characteristics, the one-to-one relationships with language development 

are weaker and not statistically significant.  

Panel E combines the HOME with at least one LENA measure. All models in Panel E 

have controls for the families’ observed characteristics. When we combine the HOME with any 

measure of LENA, the HOME’s coefficient is small, and it is only statistically significant (at the 

10% level) when combined with exposure to TV. In contrast, when we coalesce conversational 

turn counts with the HOME, the latter is not statistically significant, but the former is. Even when 

considering all four measures together, conversational turns had the largest point estimate, and 

it was the only one with statistical significance (at 10%).  

The language development gap between the inner-city and suburban samples was 

around 78% of a standard deviation. If we use the smaller LENA System sample in our analysis, 

the gap is more extensive (approximately 84% of a standard deviation). A one-standard-

deviation shift in HOME scores predicts a change of around 13% of a standard deviation in 

language development (Columns 3 and 4). 

Therefore, conversational turns’ prediction power was stable and more or less 

orthogonal to including family characteristics or other measures of parent-child interactions. On 

the other hand, suppose the automatic counts of conversational turns produced by the LENA 

System data contain sampling error due to temporary variation and that the sampling error is 

classical. Suppose, in addition, that the temporary variation is less critical for language 

development. In that case, our estimates in Table B4 are a lower bound for the language 

environment’s contribution to predicting future language development.  

In summary, many (but not all) children growing up in low-income households have 

deficient language development, and the deficits in language development correlate with gaps 

in the language environment measured one year earlier. Furthermore, in the PHD Study data, 



 30 

the language environment’s heterogeneity – measured by conversational turn counts – has a 

fragile association with family income. For these reasons, our study hypothesizes that parental 

beliefs about the importance of the early language environment for a child’s language 

development drive parental linguistic input. Through the LENA Program, we investigate if it is 

possible to change parental linguistic input and, if so, whether parental beliefs are one of the 

mechanisms of this change.  

C. Results of the Recruitment for the LENA Start Program 

This section describes more results of our randomization procedure and recruitment 

efforts. Table C1 presents the results of the analysis of our recruitment efforts, consent to 

participate in the study, and attendance (conditional on the invitation to the LENA Start 

Program). Let 1 if our team found and contacted an eligible study participant and 0, 

otherwise. We estimate a linear probability model in which  is the dependent variable, and the 

random assignment to the invitation or control arm is the only independent variable. Column 1 in 

Table C1 shows that the assignment to control or invitation arms does not predict our team’s 

success in locating a study participant. However, it also shows that our team was more likely to 

locate older, white, and lower-income mothers within the group of eligible study participants.  

Next, we describe the results of the consenting procedures. Let 1 if our team 

successfully consented an eligible study participant, conditional on being located, and 0, 

otherwise. Again, we estimate a linear probability model in which  is the dependent variable 

and the random assignment is the independent variable. Table C1 shows that the families 

randomly assigned to the LENA Start Program invitation arm were less likely to consent to 

participate in the study. This finding is not unusual in the literature (e.g., see Kalil, 2014) and 

indicates that such programs have difficulty attracting parents. However, when we do not 

condition on being located, the random assignment variable does not predict consent. 

Third, we discuss the attendance results at the LENA Start Program. Similar to previous 

exercises, let 1 if our team successfully made an eligible study participant to attend at 

least one session, conditional on consenting to participate in the study, and 0, otherwise. 

Again, we estimate a linear probability model in which  is the dependent variable, and the 

random assignment is the only independent variable. Table C1 shows that the random 

assignment to control or invitation arms was the most crucial variable in predicting whether a 

family attended at least one of the LENA Start Program sessions. Families randomly assigned 

to the LENA Start Program invitation arm were likelier to attend the sessions. This result also 
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holds when we do not condition on having consented. It indicates that the random assignment is 

not a weak Instrumental Variable.  

Finally, we also look at the results for consent and attendance when we use the whole 

sample (i.e., the 289 eligible observations) in Columns (4) and (5). Column (4) shows that 

conditional on eligibility, consenting to participate in the program does not show significant 

differences across treatment and control groups. The same result is detected in Column (5) 

when we analyze the data on attendance conditional on eligibility.  

We finish this section by showing that the randomization to control or invitation group is 

a strong instrumental variable for attendance to the LENA Start Program (see Table C2).  

D. Results on Construction of the Recording Data  

Unfortunately, not all parents follow the recording protocol as instructed. We adopted the 

following criteria to determine whether the data we received from the parents was valid or not 

valid. We divided each recording session data into five-minute segments. In our dataset, there 

are 68,407 such segments. 34 A segment is defined to be valid if it satisfies four conditions. First, 

the segment was complete, meaning the recording lasted precisely 300 seconds. About 1.6% of 

our recording segments were incomplete, and we dropped them from our final recording 

dataset.   

Second, the segment does not have either of two recording errors. The first recording 

error arises when the audio file does not have enough child speech. The second type of error 

occurs when the audio file does not have enough overall speech. Approximately 11% of the 

recording segments had at least one of the two recording errors, so we dropped them from our 

analysis.  

Third, the recording segment took place between 8:00 AM and 8:00 PM. The objective of 

imposing this restriction is to improve comparability across families as children differ when they 

go to bed and wake up. We instructed families not to start the recording session until the child 

was awake and removed and turned off the device when they went to bed. 

Fourth, we required that the recording session last at least two hours. Four families did 

not provide a valid file with at least two hours of recording. The average recording duration was 

over fourteen hours, with a standard deviation of six hours.  

                                                      
34 Included recording segments are not necessarily contiguous. For example, a parent may start the 
recording session on Saturday at 1 PM, turn off the device when the child goes to bed, and resume the 
recording on the next day (or even later in the week). 
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Our team obtained valid recording data from 114 parents for the baseline and 104 for the 

endline. A total of 90 parents provided valid recording data for both baseline and endline 

recording sessions. Table D1 presents our analysis of the relationship between adherence to 

research protocol and assignment to the control or invitation group. We analyze the relationship 

between the recording data’s validity and random assignment for each round. First, we consider 

the dummy variable equal to one if the family submits a valid recording and zero otherwise and 

run a probit model. Columns (1) and (4) in Table D1 present the baseline and endline data 

results. We find no relationship between random assignment to control and invitation arm and 

submission of valid recording data for baseline or endline. While we expected this finding for the 

baseline, we could not guarantee this result for the endline because parents who participated in 

the LENA Start Program became more used to providing valid recording data as they had to 

record their children’s language environment for thirteen weeks to get feedback.35 

Second, we run an OLS regression on the standardized recording duration. As shown in 

Columns (2) and (5), the random assignment to control or invitation arms does not predict the 

recording session’s length at baseline, but we find evidence that it does so for the endline 

session. Families randomly assigned to the invitation arm tend to provide recording files whose 

duration is 40% of a standard deviation longer. Once we account for selection in Columns (3) 

and (6), the coefficient for the endline results gives the exact point estimate virtually. Given the 

large discrepancy in recording length between the study’s control and invitation arms, we control 

for recording length in our analyses. In Table F3, we also consider models with polynomials in 

recording length as control variables. We show that the differences in recording length between 

control and invitation arms do not drive our results.  

Table D2 compares differences in baseline conversational turn counts between the two 

groups. Panel A reports the OLS estimators (and respective standard errors) of coefficients  

and  for variations of the following regression model:  

 , , , , . (6) 

The dependent variable ,  represents conversational turn counts measured at baseline, 

so that 0, by family . The binary variable denotes the random assignment to control 0  or invitation arm of the study 1 . The vector  captures demographic 

                                                      
35 We do not find evidence that participation in the measurement study increases the chance of 
submitting valid recording data.  
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characteristics of family . The variable ,  denotes the vector that contains information about 

the recording at baseline, which includes recording duration and dummy variables for recordings 

on Saturday or Sunday, respectively. The variable ,  takes the value one if family  was a 

member of the randomization group , and zero otherwise. 

The findings are the same across the four models. Minor differences exist in the number 

of conversational turns between the study’s control and invitation arms at baseline. Although the 

point estimates are not statistically significant, the children’s language environment in the 

study’s invitation arm has slightly lower quality. The results also show that the longer the 

recording duration, the higher the dependent variables’ levels.  

We also investigate whether there are pre-existing differences between parents who 

accept the invitation and participate in the LENA Start Program. The set of parents who attend 

at least one of the LENA Start Program sessions is a potentially selected set of invited parents. 

For this reason, we instrument attendance to the LENA Start Program with random assignment 

to control or invitation arms. Let  take the value one if the parent attends at least one of the 

LENA Start Program sessions and zero otherwise. We estimate the following model via Two-

Stage Least Squares:  

 , , ,  (7) 

 , , , ,  (8) 

We argue that the random assignment is valid because it satisfies both the exclusion 

restriction and a solid first stage (see Table C1). We find that the 2SLS estimator of  is not 

statistically significant for all models.36 However, our small sample size may drive this statistical 

insignificance because the point estimates are not close to zero. The statistical insignificance 

arises because the standard errors are relatively large. Because of the pre-existing differences 

in the outcome variables, our models to estimate the program’s impact consider these pre-

existing differences.  

E. Additional Details on Survey Measures  

                                                      
36 Note that when using the clustered standard errors, the 2SLS estimator of  becomes statistically 
significant (at the ten percent level) for the most comprehensive specification - Model 3  
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In this appendix section, we describe the operationalization of the data to measure 

mechanisms. 

Self-Efficacy and Sense of Social Support Scales: We used the items in the LENA Start 

enrollment form (which all LENA Start sites use) to measure parental self-efficacy and parental 

sense of social support. Each one of these scales has four items. The four items in the self-

efficacy scale are:  

1. I have the skills to be the best parent I can be. 

2. My child will do very well in school. 

3. I know what my child should be able to do at each age as they grow. 

4. When my child is upset, I can easily calm him/her down. 

For each one of these items, parents choose one alternative among five. The alternatives range 

from “least sure” (1) to “very sure” (5).  

The four items in the sense of social support scale are:  

1. I am relaxed most of the time when I’m with my baby. 

2. My family spends a lot of time together. 

3. It’s easy for me to talk with other parents about being a parent. 

4. It’s easy for me to ask other parents for help or advice if I need to. 

For each one of these items, parents choose one alternative among five. The alternatives range 

from “strongly disagree” (1) to “strongly agree” (5).  

We show the results of our estimates of the PCM in Table E2. Table E3 examines the 

balance between control and treatment arms at baseline.  

Parental Knowledge Scale: We reproduce the procedures in Suskind et al. (2016). We score 

each response with a binary variable (0/1), in which “0” and “1” represent, respectively, a wrong 

and a correct answer. Then, we estimate the average for each topic and the overall average. 

The results in Table 4 use the overall average, and the results in Table E4 decompose the 

analysis by topic (so we use the topic-specific average).  

Table E3 examines the balance between control and treatment arms at baseline. Table 

E4 shows that the impact in the aggregate scale masks heterogeneity in the subscales. When 

we disaggregate the scales, the point estimate of the ITT suggests relatively larger impacts on 

“Reading Books,” “Learning Math,” and the “School Readiness” subscales and more negligible 

impacts on “Learning to Talk” or “Language and TV” subscales. The point estimate of the LATE 
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parameter suggests impacts on “Learning Math” and the “School Readiness” subscales but no 

impacts on the other three scales. 

Parental Beliefs: We ask parents the following question:  

Imagine a two-year-old child who is average in terms of language development. Consider the 

following two scenarios.  Scenario 1: the adults in the home talk a lot to the child and often read 

books to the child, but the child does not watch a lot of shows for kids (for example, Sesame 

Street) on TV.  Scenario 2: the adults in the home do not talk a lot to the child and rarely read 

books to the child, but the child watches a lot of shows for kids (for example, Sesame Street) on 

TV.  What do you think will the child’s language development be when the child is three years 

old?   

We give parents five alternatives: Low, low-average, average, high-average, and high. 

To produce our estimates, we make two assumptions.  

First, we map these alternatives to percentiles in the distribution of language 

development: 5th, 25th, 50th, 75th, and 95th percentiles, respectively. 

Second, we assume that the distribution of language development at age three years is 

normal with mean zero and variance one. We then use the Z scores associated with the 

percentiles. We take parental beliefs as the difference between the Z scores for “Scenario 1” 

and the Z scores for “Scenario 2.” To ensure that the extreme percentiles do not drive our 

results, we replace the 5th and 95th  percentiles with the 10th and 90th percentiles, respectively. 

We show the results in Table E1 and note that our findings are robust to these choices.  

F. Robustness Analysis  

This section compares our estimated treatment effects with the existing literature. We 

also show results using alternative methods, including the fixed-effect (FE) model and an 

instrumental variable fixed-effect (IV-FE) model. Finally, we also present the findings of other 

sensitivity checks.  

First, to put the findings on conversational turn counts in a broader context, we simulate 

equation (3) in the following way. We eliminate variability in conversational turns due to 

recording duration for all individuals and fix it (before standardization) to twelve hours. We use 

mean values for the estimation sample for all the other variables. We predict error terms , ,  

and store the estimated values for the coefficients . Then, we predict, for each individual, two 

values:  
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, , , , ,  

, , , , ,  

The variables , ,  and , ,  represent the predicted number of conversational turns 

without the LENA Start and with the LENA Start Program, respectively. We find that the 

distribution of , ,  has a mean of around 295 conversational turns in a twelve-hour window, 

while the distribution of , ,  has a mean of about 560 conversational turns in twelve hours. 

Therefore, one way to quantify the impact of the LENA Start Program is the difference between 

these two means, which means that the program adds 265 conversational turns per day.  

Another way to quantify the impact of the Program is to use the parameters of the 

normative distribution for children who are 34 months, which is the average age of the children 

at the date of the follow-up recording session. According to Gilkerson and Richards (2008), the 

mean is 496, and the standard deviation is 313. These figures imply that the conversational 

turns would be 64% of a standard deviation below the normative mean without the LENA Start 

Program. With the LENA Start Program, conversational turns are 20% of a standard deviation 

above the normative mean. Alternately, these values imply that families move from the 26th to 

the 58th percentile. These are enormous impacts on conversational turns.  

These simulations suggest significant effects of the LENA Start Program on 

conversational turns if we control for conversational turns at baseline. To address these pre-

existing differences, we then estimate a lagged dependent model. This specification is 

defensible if the heterogeneity is persistent and evolves in non-parallel trends (so the 

differences vary over time). Another specification is the fixed-effect (FE) model, which allows for 

persistent parallel trends in conversational turns (in the absence of the program). To verify the 

robustness of our findings, let 0,1  indicate the baseline ( 0) and endline ( 1) waves, 

and let , . Consider the following specification: 

 , , , , , . (9) 

In specification (9), we absorb the time-invariant characteristics (such as demographic 

characteristics and randomization groups) into the individual fixed effect term . The only 

demographic characteristic that varies over time is the child’s age, which we include in ,  in 

(9). As Table F1 shows, the fixed-effect estimator of the impact of the LENA Start Program is 

32.3% of a standard deviation, and it is statistically significant at the 10% level.  
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Next, we expand on the analysis above by estimating an instrumental variable fixed 

effect (IV-FE) model. Let , . Moreover, consider the following specification:  

, , , , ,  (10) 

, , , , , . (11) 

We present the results of the IV-FE model in Table F1. As estimated by the IV-FE 

procedure, the program’s impact is 57.8% of a standard deviation and is statistically significant 

at the 10% level. Therefore, once we account for the differences in conversational turns at 

baseline, we find that the LENA Start Program impacts conversational turns between parents 

and children, and the magnitudes of the impacts are substantial.  

Finally, we also conduct additional exercises to investigate the robustness of our point 

estimates. First, we investigate the sensitivity of the ITT estimates concerning sample attrition 

due to invalid recording data. We address sample attrition in multiple ways. First, we use 

inverse probability weighting (IPW), which assumes that attrition is exogenous. Second, we 

estimate a Heckman selection model, thus allowing for endogenous attrition. Third, we estimate 

the sharp bounds Lee (2009) proposed, which also allow for endogenous attrition. Our results 

are not sensitive to attrition. The IPW procedure produces a slightly lower point estimate for the 

ITT (0.295) and a t-statistic of 1.95. The Heckman selection procedure generates an ITT 

estimate of 0.314, which is statistically significant at 5%. The lower and upper bounds of ITT are 

0.09 and 0.33, respectively. It is impossible to reject the null (no impact) for the lower bound, but 

the confidence interval for the upper bound does not include zero. If we include the whole 

sample (i.e., the 289 eligible families), ITT's lower and upper bounds are 0.06 and 0.37, 

respectively. We again detect the same significance level pattern for that exercise. See Table 

F2. 

Second, we also investigate how the ITT and LATE change once we control for 

recording duration in flexible ways. As we show in Table F3, the point estimates are robust to 

the way we control for recording duration. If anything, our estimates of the program impacts and 

their standard errors decrease as we specify recording duration in more flexible ways.  

G. Additional Results on Adult Words and Exposure to TV  

Now, we discuss the impact of the LENA Start Program on adult words. The LENA 

System produces several counts of adult words. First, it automatically generates an overall adult 

word count. This automatic count combines words addressed to the child and speech overheard 

by the child. Because the literature emphasizes the role of speech addressed to the child in 
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events of joint attention or speech recasting, we use the ADEX software to isolate adult words in 

audio segments that have conversations between the focus child and a female or male adult. By 

imposing this additional constraint, we increase the likelihood that the adult words are part of 

child-directed speech. As we have done so far, we use the lagged dependent variable models 

described in equations (1) and (2)-(3), but the results are the same if we use the FE or IV-FE 

procedures described in equations (9) and (10)-(11). 

Table G1 presents the results. We divide the table into two panels, and, within each 

panel, we present both the results for the ITT (OLS Estimator) and LATE (2SLS Estimator). 

Panel A displays the number of adult words in audio segments with the focus child and a female 

or male adult. The OLS results are positive (not statistically significant) but moderate in size. 

When we focus on the 2SLS results, we see that the LENA Start Program has a large and 

significant impact on adult words. When we parse out words spoken by female adults and the 

ones spoken by male adults, we find that male adults, not female adults, drive the results. This 

finding is somewhat surprising because only one of the LENA Start Program attendants was a 

male, and all the others were female. This finding suggests spillover of the program to the male 

adult in the household. 

Panel B in Table G1 focuses on the audio segments initiated by the child and compares 

the adult words in those segments between the control and invitation (OLS) or LENA Start 

attendance group (2SLS) groups. Both estimators suggest large differences in adult words: 

once a child initiates a conversation, the adults in the attendance group have responses with 

more words spoken to the child. The latter finding justifies returning to conversational turns in 

segments with the focus child and an adult person 

In sum, the LENA Start Program increases conversational turns and adult words spoken 

to the child. The more significant number of conversational turns and words in turns is the 

product of a higher number of conversational turns initiated by the child and responded to by 

parents in ways that do not stop the conversation but rather allow the child to continue to talk 

and interact.  

Next, we also investigated the impact of the LENA Start Program on the focus child’s 

exposure to audio from the TV or other electronics. Table G2 shows the results. As in other 

tables in the paper, Panel A reports the ITT estimates, while Panel B documents the LATE 

estimates. We do not find any impact of the program on exposure to TV. The point estimates in 

Model 1 indicate an increase. The sign of the estimates turns negative (denoting a reduction in 

exposure to TV) once we control for demographic characteristics (Model 2). If we also include 
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statistics about TV/Electronics at baseline, the coefficient becomes even smaller, but it is still 

statistically insignificant. We conclude that the LENA Start Program does not reduce exposure 

to TV/Electronics.  



p-value
(1) vs (2)

VARIABLES N Mean N Mean
652 0.750 165 0.050 0.000

(0.430) (0.230)
657 0.080 165 0.510 0.000

(0.270) (0.500)
657 0.150 165 0.040 0.000

(0.360) (0.190)
657 0.640 165 0.150 0.000

(0.480) (0.350)
657 0.140 165 0.780 0.000

(0.350) (0.420)
657 0.720 165 0.170 0.000

(0.450) (0.380)
657 0.110 165 0.040 0.001

(0.310) (0.200)
657 0.180 165 0.790 0.000

(0.380) (0.410)
547 -0.170 140 0.660 0.000

(1.050) (0.290)
159 306.217 80 343.958 0.092

(150.268) (168.755)
159 15260.390 80 14559.220 0.481

(7367.602) (7203.537)
159 6705.031 80 3084.132 0.000

(4693.314) (2551.884)
541 -0.561 133 0.213 0.000

(0.740) (0.818)

Table B1: Characteristics of PHD Study by Residence

Mother is cohabiting

Mother is married

Standardized HOME Score at 9 months

Conversational Turns at 9 months

Household income is less than or equal 
to twice the federal poverty line
Mother has attended some 
postsecondary program

Mother is Hispanic

Mother is Non-Hispanic black

Mother is Non-Hispanic white

Mother is single

Inner-City Sample Suburban Sample
(1) (2)

Standardized Language Score from the 
Bayley Scale

Notes: Standard deviation in parenthesis. The p-values are obtained from item-wise regressions using 
the variables labeled in the first column as the dependent variables and the urban area indicator as the 
only independent variable. These are all robust uncertainty estimates. 

Adult Word Counts at 9 months

Seconds of Exposure to TV



VARIABLES Between Within
Standardized HOME Score 11.20% 88.80%
Conversational Turn Counts (12 hours) 1.30% 98.70%
Standardized BSID Language Composite Score 14.30% 85.70%
Notes: This table shows estimates of between and within variation in 
investment and child development measures for the PHD Study sample. 

Table B2: Between and Within Sum of Squares as Fractions of Total Sum of 
Squares (PHD Study)



(1) (2)
VARIABLES HOME Score Conversational Turns
Second quartile of family income 0.591*** 0.095

(0.170) (0.164)
Third quartile of family income 0.933*** 0.412**

(0.164) (0.191)
Fourth quartile of family income 1.068*** 0.011

(0.147) (0.155)

Observations 234 239
R-squared 0.196 0.094

Notes: Robust standard errors in parentheses. In the regression of conversational turns 
against quartiles of family income, we also control the recording session's duration. *** 
p<0.01, ** p<0.05, * p<0.1.

 Table B3: Correlation between HOME and Conversational Turns with Quartiles of Family 
Income (PHD Study)



VARIABLES Model 1 Model 2 Model 3 Model 4

Standardized HOME Score 0.261*** 0.099** 0.084** 0.070*
(0.065) (0.044) (0.042) (0.042)

Observations 223 223 223 223

Standardized Conversational Turn Counts 0.193*** 0.165*** 0.153*** 0.142***
(0.066) (0.058) (0.057) (0.055)

Observations 223 223 223 223

Standardized Adult Word Counts 0.100* 0.102* 0.101* 0.088
(0.059) (0.054) (0.054) (0.055)

Observations 223 223 223 223

Standardized TV Time -0.170*** -0.013 -0.002 -0.004
(0.059) (0.057) (0.057) (0.057)

Observations 223 223 223 223
Demographic characteristics N Y Y Y
Dummy for Inner-City Sample N N Y Y
Dummies for Quartiles of Family Income N N N Y

Standardized HOME Score 0.052 0.058 0.072* 0.053
(0.041) (0.042) (0.044) (0.043)

Standardized Conversational Turn Counts 0.137** 0.148*
(0.055) -0.077

Standardized Adult Word Counts 0.081 (0.017)
(0.056) (0.076)

Standardized TV Time -0.012 -0.002
(0.058) (0.060)

Observations 223 223 223 223
Demographic characteristics Y Y Y Y
Dummy for Inner-City Sample Y Y Y Y
Dummies for Quartiles of Family Income Y Y Y Y

Notes: Robust standard errors in parentheses. Demographic information include a dummy for 
maternal year of birth between 1978 and 1987; dummy for Hispanic ethnicity; dummy for non-
Hispanic black; dummy for single mother; dummy for cohabiting mother; dummy for income 
below two times the federal poverty line; dummy for mothers with some postsecondary 
education; dummy for male child; age of the child at the date of the recording. *** p<0.01, ** 
p<0.05, * p<0.1.

Table B4:  Correlation between Language Development with HOME and LENA Measures
(PHD Study)
Dependent Variable: Standardized Bayley Scales of Infant 

Development Language Composite Score

Panel A: Standardize HOME Score Only

Panel B: Standardized Conversational Turns Only

Panel C: Standardized Adult Word Counts Only

Panel D: Standardized TV Time

Panel E: Combining Multiple Measures



VARIABLES N Mean N Mean Robust Clustered
144 0.660 145 0.648 0.839 0.812

(0.475) (0.479)
92 0.707 87 0.816 0.086 0.074

(0.458) (0.390)
144 0.451 145 0.490 0.516 0.470

(0.499) (0.502)
65 0.538 71 0.056 0.000 0.001

(0.502) (0.232)
144 0.243 145 0.028 0.000 0.000

(0.430) (0.164)

Notes: Standard deviation in parenthesis. The p-values are obtained from item-wise regressions using the variables labeled in the first 
column as the dependent variables and the random assignment indicator as the only independent variable. We report the p-values for 
both robust and clustered uncertainty estimates clustered at the recruiment group level. 

Invitation to LENA Start Control p-value
(1) vs (2)

Family was located conditional on being eligible

Table C1: Family Location, Family Consenting, and Family Attendance to LENA Start Program

Family consented conditional on being eligible and 
located

Family attended LENA Start Program conditional on 
being eligible and having consented

Family consented conditional on being eligible

Family attended LENA Start Program conditional on 
being eligible

(1) (2)



Variables Model 1 Model 2 Model 3
Random assignment to control or invitation arm 0.560*** 0.561*** 0.569***
Clustered SE (0.123) (0.123) (0.107)
Robust SE (0.074) (0.080) (0.092)
Observations 104 102 90
Kleibergen-Paap Wald rk F-statistic 57.970 49.120 38.260
R-squared 0.387 0.491 0.553
Recording duration at endline Y Y Y
Dummies for Saturday and Sunday at endline Y Y Y
Demographic characteristics N Y Y
Conversational Turn Counts at baseline N N Y
Recording duration at baseline N N Y
Dummies for Saturday and Sunday at baseline N N Y

* Significant at the 10% level. 
** Significant at the 5% level. 
*** Significant at the 1% level. 

Table C2: First-stage Results of the LATE Strategy  

Dependent Variable: Attendance to the LENA Start 
Program

Notes: Standard errors in parentheses. We report clustered and robust standard errors, and we 
report the most conservative significance level. Clustered standard errors are clustered at the 
recruiment group level. We add the following variables to control for differences in recording 
sessions. First, we control for recording duration in endline, a dummy variable for a recording done on 
Saturday, and another dummy variable for a recording done on Sunday (Model 1) . Second, we 
additionally add demographic characteristics (Model 2)  including a dummy for maternal year of birth 
between 1978 and 1987; dummy for Hispanic ethnicity; dummy for non-Hispanic black; dummy for 
single mother; dummy for cohabiting mother; dummy for income below two times the federal poverty 
line; dummy for mothers with some postsecondary education; dummy for male child; age of the child 
at the date of the recording; and dummy for randomization group (block). Third, we additionally add 
conversational turn counts at baseline, recoding duration at baseline, and dummies for Saturday and 
Sunday at baseline (Model 3). 



Pr
ob

it
O

LS
H

ec
km

an
 

se
le

ct
io

n 
m

od
el

Pr
ob

it
O

LS
H

ec
km

an
 

se
le

ct
io

n 
m

od
el

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

VA
R

IA
BL

ES

D
um

m
y 

fo
r V

al
id

 
R

ec
or

di
ng

St
an

da
rd

iz
ed

 
R

ec
or

di
ng

 
D

ur
at

io
n

St
an

da
rd

iz
ed

 
R

ec
or

di
ng

 
D

ur
at

io
n

D
um

m
y 

fo
r V

al
id

 
R

ec
or

di
ng

St
an

da
rd

iz
ed

 
R

ec
or

di
ng

 
D

ur
at

io
n

St
an

da
rd

iz
ed

 
R

ec
or

di
ng

 
D

ur
at

io
n

R
an

do
m

 a
ss

ig
nm

en
t t

o 
co

nt
ro

l o
r i

nv
ita

tio
n 

ar
m

0.
21

5
-0

.0
29

-0
.0

40
0.

04
9

0.
40

5
0.

40
6*

*
C

lu
st

er
ed

 S
E

(0
.4

45
)

(0
.2

01
)

(0
.1

64
)

(0
.3

11
)

(0
.2

66
)

(0
.1

81
)

R
ob

us
t S

E
(0

.3
14

)
(0

.1
79

)
(0

.2
92

)
(0

.1
89

)
Pa

rti
ci

pa
tio

n 
in

 th
e 

La
ng

ua
ge

 S
tu

dy
 a

t a
ge

 9
 m

on
th

s
Y

N
N

Y
N

N
O

bs
er

va
tio

ns
11

2
10

8
13

4
11

6
10

2
12

8
R

-s
qu

ar
ed

0.
32

2
0.

36
6

N
ot

es
: S

ta
nd

ar
d 

er
ro

rs
 in

 p
ar

en
th

es
es

. W
e 

re
po

rt 
bo

th
 ro

bu
st

 a
nd

 c
lu

st
er

ed
 s

ta
nd

ar
d 

er
ro

rs
, e

xc
ep

t f
or

 th
e 

H
ec

km
an

 s
el

ec
tio

n 
m

od
el

. W
e 

al
so

 re
po

rt 
th

e 
m

os
t 

co
ns

er
va

tiv
e 

si
gn

ifi
ca

nc
e 

le
ve

l. 
W

e 
ad

d 
th

e 
fo

llo
w

in
g 

co
nt

ro
l v

ar
ia

bl
es

 to
 a

ll 
of

 th
e 

m
od

el
s:

 a
 d

um
m

y 
fo

r m
at

er
na

l y
ea

r o
f b

irt
h 

be
tw

ee
n 

19
78

 a
nd

 1
98

7;
 d

um
m

y 
fo

r 
H

is
pa

ni
c 

et
hn

ic
ity

; d
um

m
y 

fo
r n

on
-H

is
pa

ni
c 

bl
ac

k;
 d

um
m

y 
fo

r s
in

gl
e 

m
ot

he
r; 

du
m

m
y 

fo
r c

oh
ab

iti
ng

 m
ot

he
r; 

du
m

m
y 

fo
r i

nc
om

e 
be

lo
w

 tw
o 

tim
es

 th
e 

fe
de

ra
l p

ov
er

ty
 li

ne
; 

du
m

m
y 

fo
r m

ot
he

rs
 w

ith
 s

om
e 

po
st

se
co

nd
ar

y 
ed

uc
at

io
n;

 d
um

m
y 

fo
r m

al
e 

ch
ild

; a
ge

 o
f t

he
 c

hi
ld

 a
t t

he
 d

at
e 

of
 th

e 
re

co
rd

in
g;

 a
nd

 d
um

m
y 

fo
r r

an
do

m
iz

at
io

n 
gr

ou
p 

(b
lo

ck
). 

In
 C

ol
um

ns
 (1

) a
nd

 (3
), 

w
e 

ad
di

tio
na

lly
 c

on
tro

l f
or

 p
ar

tic
ip

at
io

n 
st

at
us

 in
 th

e 
La

ng
ua

ge
 S

tu
dy

 a
t a

ge
 9

 m
on

th
s.

 **
* p

<0
.0

1,
 **

 p
<0

.0
5,

 * 
p<

0.
1.

Ta
bl

e 
D

1:
 P

re
di

ct
or

s 
of

 P
ro

vi
si

on
 o

f V
al

id
 R

ec
or

di
ng

 D
at

a 
an

d 
To

ta
l D

ur
at

io
n 

of
 R

ec
or

di
ng

 D
at

a
Ba

se
lin

e
En

dl
in

e



Model 1 Model 2 Model 3
VARIABLES
Random assignment to control or invitation arm -0.199 -0.116 -0.123
Clustered SE (0.170) (0.179) (0.099)
Robust SE (0.190) (0.159) (0.133)
Observations 110 108 108
R-squared 0.102 0.390 0.526

Attendance to the LENA Start program -0.397 -0.238 -0.249
Clustered SE (0.329) (0.288) (0.146)
Robust SE (0.360) (0.290) (0.237)
Observations 110 108 108
R-squared 0.108 0.409 0.531
Dummies for Randomization Group Y Y Y
Demographic variables N Y Y
Recording duration N N Y
Dummies for Saturday/Sunday N N Y

Notes: Standard errors in parentheses. We report both robust and clustered standard errors, and we 
report the most conservative significance level. We add the following demographic variables to 
Models 2-3: a dummy for maternal year of birth between 1978 and 1987; dummy for Hispanic 
ethnicity; dummy for non-Hispanic black; dummy for single mother; dummy for cohabiting mother; 
dummy for income below two times the federal poverty line; dummy for mothers with some 
postsecondary education; dummy for male child; age of the child at the date of the recording. We add 
dummies for randomization group (block) in all Models 1-3. We add recording duration and dummies 
for recordings that took place on a Saturday or a Sunday in Model 3. *** p<0.01, ** p<0.05, * p<0.1.

Table D2: Conversational Turn Counts at Baseline

Panel A: OLS Estimator

Panel B: 2SLS Estimator



VARIABLES
5th and 95th 
percentiles

10th and 90th 
percentiles

Random assignment to control or invitation arm 0.318* 0.265*
Clustered SE (0.157) (0.134)
Robust SE (0.160) (0.127)
Observations 128 128

Attendance to the LENA Start program 0.608** 0.505**
Clustered SE (0.256) (0.215)
Robust SE (0.286) (0.226)
Observations 128 128
Notes: Standard errors in parentheses. We report both robust and clustered standard errors, and 
we report the most conservative significance level. We add the following variables to control for 
differences in survey responses. We add the lagged dependent variable. We also add a dummy 
for maternal year of birth between 1978 and 1987; dummy for Hispanic ethnicity; dummy for non-
Hispanic black; dummy for single mother; dummy for cohabiting mother; dummy for income below 
two times the federal poverty line; dummy for mothers with some postsecondary education; 
dummy for male child; age of the child at the date of the recording; and dummy for randomization 
group (block). *** p<0.01, ** p<0.05, * p<0.1.

Table E1: Sensitivity of Impacts on Maternal Beliefs to Extreme Percentiles

Panel A: OLS Estimator

Panel B: 2SLS Estimator



Ite
m

 1
Ite

m
 2

Ite
m

 3
Ite

m
 4

Ite
m

 1
Ite

m
 2

Ite
m

 3
Ite

m
 4

Al
te

rn
at

iv
e 

1
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
Al

te
rn

at
iv

e 
2

1.
30

1*
0.

98
0*

*
1.

40
5*

**
1.

83
7*

**
0.

96
9*

*
-0

.2
48

0.
15

9
(0

.7
37

)
(0

.3
95

)
(0

.4
22

)
(0

.6
82

)
(0

.4
02

)
(0

.5
42

)
(0

.4
01

)
Al

te
rn

at
iv

e 
3

3.
80

8*
**

2.
54

0*
**

2.
87

9*
**

3.
19

6*
**

3.
69

4*
**

1.
84

2*
**

1.
93

1*
**

1.
66

9*
**

(0
.6

57
)

(0
.5

22
)

(0
.3

90
)

(0
.4

30
)

(0
.6

51
)

(0
.4

17
)

(0
.4

09
)

(0
.3

62
)

Al
te

rn
at

iv
e 

4
5.

59
5*

**
3.

93
0*

**
3.

43
5*

**
3.

77
8*

**
4.

73
2*

**
2.

60
7*

**
2.

73
6*

**
1.

93
9*

**
(0

.6
87

)
(0

.5
46

)
(0

.4
30

)
(0

.4
71

)
(0

.6
65

)
(0

.4
34

)
(0

.4
31

)
(0

.3
98

)
Al

te
rn

at
iv

e 
5

6.
56

1*
**

5.
26

3*
**

3.
52

5*
**

4.
19

7*
**

5.
27

2*
**

4.
00

9*
**

4.
02

3*
**

3.
50

2*
**

(0
.7

05
)

(0
.5

58
)

(0
.4

40
)

(0
.4

81
)

(0
.6

69
)

(0
.4

28
)

(0
.4

31
)

(0
.3

85
)

O
bs

er
va

tio
ns

26
6

26
6

26
6

26
6

26
6

26
6

26
6

26
6

N
ot

es
: R

ob
us

t s
ta

nd
ar

d 
er

ro
rs

 in
 p

ar
en

th
es

es
. *

**
 p

<0
.0

1,
 **

 p
<0

.0
5,

 * 
p<

0.
1.

Ite
m

 a
nd

 A
lte

rn
at

iv
e 

D
iff

ic
ul

ty
 P

ar
am

et
er

Ite
m

 a
nd

 A
lte

rn
at

iv
e 

D
iff

ic
ul

ty
 P

ar
am

et
er

Va
ria

nc
e 

of
 la

te
nt

 
fa

ct
or

1.
00

0
1.

00
0

(0
.0

00
)

(0
.0

00
)

Ta
bl

e 
E2

: R
es

ul
ts

 o
f I

te
m

 R
es

po
ns

e 
Th

eo
ry

 A
na

ly
si

s
Pa

ne
l A

: S
el

f E
ffi

ca
cy

 S
ca

le
Pa

ne
l B

: S
oc

ia
l S

up
po

rt 
Sc

al
e

Ite
m

 D
is

cr
im

in
at

io
n 

Pa
ra

m
et

er
0.

83
5*

**
0.

59
9*

**
(0

.0
88

)
(0

.0
73

)



VA
R

IA
BL

ES

Er
ro

r-R
id

de
n 

M
ea

su
re

Fa
ct

or
 S

co
re

R
an

do
m

 a
ss

ig
nm

en
t t

o 
co

nt
ro

l o
r i

nv
ita

tio
n 

ar
m

0.
19

8
0.

04
8

0.
18

8
0.

28
1

0.
21

7
C

lu
st

er
ed

 S
E

(0
.1

57
)

(0
.1

91
)

(0
.1

15
)

(0
.1

99
)

(0
.2

13
)

R
ob

us
t S

E
(0

.1
81

)
(0

.1
90

)
(0

.1
45

)
(0

.1
93

)
(0

.1
88

)
O

bs
er

va
tio

ns
13

4
13

4
13

4
13

4
13

4
R

-s
qu

ar
ed

0.
21

1
0.

11
4

0.
45

7
0.

10
0

0.
23

7

Ta
bl

e 
E3

: R
el

at
io

ns
hi

p 
Be

tw
ee

n 
Ba

se
lin

e 
D

at
a 

fo
r M

ec
ha

ni
sm

s 
an

d 
Tr

ea
tm

en
t A

ss
ig

nm
en

t

N
ot

es
: S

ta
nd

ar
d 

er
ro

rs
 in

 p
ar

en
th

es
es

. W
e 

re
po

rt 
bo

th
 ro

bu
st

 a
nd

 c
lu

st
er

ed
 s

ta
nd

ar
d 

er
ro

rs
, a

nd
 w

e 
re

po
rt 

th
e 

m
os

t c
on

se
rv

at
iv

e 
si

gn
ifi

ca
nc

e 
le

ve
l. 

In
 a

ll 
re

gr
es

si
on

s,
 w

e 
co

nt
ro

l f
or

 d
em

og
ra

ph
ic

 in
fo

rm
at

io
n 

in
cl

ud
in

g 
a 

du
m

m
y 

fo
r m

at
er

na
l y

ea
r o

f b
irt

h 
be

tw
ee

n 
19

78
 

an
d 

19
87

; d
um

m
y 

fo
r H

is
pa

ni
c 

et
hn

ic
ity

; d
um

m
y 

fo
r n

on
-H

is
pa

ni
c 

bl
ac

k;
 d

um
m

y 
fo

r s
in

gl
e 

m
ot

he
r; 

du
m

m
y 

fo
r c

oh
ab

iti
ng

 m
ot

he
r; 

du
m

m
y 

fo
r i

nc
om

e 
be

lo
w

 tw
o 

tim
es

 th
e 

fe
de

ra
l p

ov
er

ty
 li

ne
; d

um
m

y 
fo

r m
ot

he
rs

 w
ith

 s
om

e 
po

st
se

co
nd

ar
y 

ed
uc

at
io

n;
 d

um
m

y 
fo

r m
al

e 
ch

ild
; a

ge
 o

f t
he

 c
hi

ld
 a

t t
he

 d
at

e 
of

 th
e 

re
co

rd
in

g;
 a

nd
 d

um
m

y 
fo

r r
an

do
m

iz
at

io
n 

gr
ou

p 
(b

lo
ck

). 
**

* p
<0

.0
1,

 **
 p

<0
.0

5,
 * 

p<
0.

1.

Pa
re

nt
al

 S
el

f 
Ef

fic
ac

y
Pa

re
nt

al
 S

en
se

 
of

 S
oc

ia
l 

Su
pp

or
t

Pa
re

nt
al

 B
el

ie
fs

Pa
re

nt
al

 
Kn

ow
le

dg
e



VA
R

IA
BL

ES
Le

ar
ni

ng
 to

 
Ta

lk
R

ea
di

ng
 

Bo
ok

s
Le

ar
ni

ng
 M

at
h

Sc
ho

ol
 

R
ea

di
ne

ss
La

ng
ua

ge
 a

nd
 

TV

R
an

do
m

 a
ss

ig
nm

en
t t

o 
co

nt
ro

l o
r i

nv
ita

tio
n 

ar
m

0.
11

7
0.

22
3

0.
35

9
0.

25
0

0.
18

9
C

lu
st

er
ed

 S
E

(0
.1

83
)

(0
.1

12
)

(0
.2

15
)

(0
.1

56
)

(0
.1

71
)

R
ob

us
t S

E
(0

.1
68

)
(0

.1
66

)
(0

.1
55

)
(0

.1
49

)
(0

.1
63

)
O

bs
er

va
tio

ns
12

8
12

8
12

8
12

8
12

8

At
te

nd
an

ce
 to

 th
e 

LE
N

A 
St

ar
t p

ro
gr

am
0.

22
3

0.
42

8
0.

68
5*

0.
47

8*
0.

36
2

C
lu

st
er

ed
 S

E
(0

.2
82

)
(0

.1
42

)
(0

.3
71

)
(0

.2
56

)
(0

.2
61

)
R

ob
us

t S
E

(0
.2

88
)

(0
.2

90
)

(0
.2

57
)

(0
.2

70
)

(0
.2

83
)

O
bs

er
va

tio
ns

12
8

12
8

12
8

12
8

12
8

N
ot

es
: S

ta
nd

ar
d 

er
ro

rs
 in

 p
ar

en
th

es
es

. W
e 

re
po

rt 
bo

th
 ro

bu
st

 a
nd

 c
lu

st
er

ed
 s

ta
nd

ar
d 

er
ro

rs
, a

nd
 w

e 
re

po
rt 

th
e 

m
os

t c
on

se
rv

at
iv

e 
si

gn
ifi

ca
nc

e 
le

ve
l. 

W
e 

ad
d 

th
e 

fo
llo

w
in

g 
va

ria
bl

es
 to

 c
on

tro
l f

or
 d

iff
er

en
ce

s 
in

 s
ur

ve
y 

re
sp

on
se

s.
 W

e 
ad

d 
th

e 
la

gg
ed

 d
ep

en
de

nt
 

va
ria

bl
e.

 W
e 

al
so

 a
dd

 a
 d

um
m

y 
fo

r m
at

er
na

l y
ea

r o
f b

irt
h 

be
tw

ee
n 

19
78

 a
nd

 1
98

7;
 d

um
m

y 
fo

r H
is

pa
ni

c 
et

hn
ic

ity
; d

um
m

y 
fo

r n
on

-
H

is
pa

ni
c 

bl
ac

k;
 d

um
m

y 
fo

r s
in

gl
e 

m
ot

he
r; 

du
m

m
y 

fo
r c

oh
ab

iti
ng

 m
ot

he
r; 

du
m

m
y 

fo
r i

nc
om

e 
be

lo
w

 tw
o 

tim
es

 th
e 

fe
de

ra
l p

ov
er

ty
 

lin
e;

 d
um

m
y 

fo
r m

ot
he

rs
 w

ith
 s

om
e 

po
st

se
co

nd
ar

y 
ed

uc
at

io
n;

 d
um

m
y 

fo
r m

al
e 

ch
ild

; a
ge

 o
f t

he
 c

hi
ld

 a
t t

he
 d

at
e 

of
 th

e 
re

co
rd

in
g;

 
an

d 
du

m
m

y 
fo

r r
an

do
m

iz
at

io
n 

gr
ou

p 
(b

lo
ck

). 
**

* p
<0

.0
1,

 **
 p

<0
.0

5,
 * 

p<
0.

1.

Ta
bl

e 
E4

: I
m

pa
ct

 o
f t

he
 L

EN
A 

St
ar

t P
ro

gr
am

 b
y 

Su
bs

ca
le

 o
f t

he
 P

ar
en

ta
l K

no
w

le
dg

e 
Q

ue
st

io
nn

ai
re

Pa
ne

l A
: O

LS
 E

st
im

at
or

Pa
ne

l B
: 2

SL
S 

Es
tim

at
or



Fixed Effect Estimator IV Fixed Effect Estimator
(1) (2)

Impact of LENA Start (ITT and LATE) 0.323* 0.578*
Clustered SE (0.179) (0.152)
Robust SE (0.179) (0.301)
Observations 214 214
Number of participants 122 122

Notes: Standard errors in parentheses. We report both robust and clustered standard errors, 
and we report the most conservative significance level. In Column (1), we cluster standard 
errors at individual level. In Column (2), we cluster standard errors at the group level. We add 
the following variables in these two regression models. Child's age at the time of the 
recording, a dummy for a recording that took place on a Saturday, and a dummy for a 
recording that took place on a Sunday. *** p<0.01, ** p<0.05, * p<0.1.

Table F1: The Impact of the LENA Start Program on Conversational Turns at Endline (Fixed 
Effects Model)

VARIABLES



VARIABLES

Inverse 
Probability 

Weight

Heckman 
Selection

Lee Sharp 
Bounds

Lee Sharp 
Bounds 
(whole 

sample)

Random assignment to LENA Start Program 0.295 0.314**
Clustered SE (0.150) (0.149)
Robust SE (0.196)
Lower Bound (Lee Sharp Bounds) 0.091 0.056

(0.148) (0.160)
Upper Bound (Lee Sharp Bounds) 0.330** 0.366**

(0.152) (0.158)
Observations 78 116 136 289

Notes: Standard errors in parentheses. We report both clustered and robust standard errors for Inverse 
Probability Weight model, and we report the most conservative significance level. We report clustered 
standard errors for the Heckman Selection model and the Lee Sharp Bounds. We use the following 
variables to predict attrition status: a dummy for maternal year of birth between 1978 and 1987; dummy 
for Hispanic ethnicity; dummy for non-Hispanic black; dummy for single mother; dummy for cohabiting 
mother; dummy for income below two times the federal poverty line; dummy for mothers with some 
postsecondary education; dummy for male child; age of the child at the date of the recording; and 
dummy for randomization group (block). We add the same set of variables as controls to all of the 
models. *** p<0.01, ** p<0.05, * p<0.1.

Table F2: The Sensitivity of the Estimates of Intent-to-Treat Treatment Effect Parameters with Respect 
to Sample Attrition Due to Invalid Recording



(1) (2) (3) (4)
VARIABLES Linear Quadratic Cubic Quartic

Random assignment to control or invitation arm 0.323* 0.326* 0.338* 0.323*
Clustered SE (0.072) (0.063) (0.063) (0.075)
Robust SE (0.179) (0.176) (0.177) (0.174)
Observations 214 214 214 214
Number of participants 122 122 122 122

Attendance to the LENA Start program 0.578* 0.582** 0.600** 0.580*
Clustered SE (0.152) (0.142) (0.149) (0.167)
Robust SE (0.301) (0.297) (0.298) (0.299)
Observations 214 214 214 214
Number of participants 122 122 122 122

Table F3: Sensitivity of Estimates of the Program Impact with Respect to Recording Duration 
Specification

Notes: Standard errors in parentheses. We report both clustered and robust standard errors, and 
we report the most conservative significance level. We add the following variables in all 
regressions: Child's age at the time of the recording, a dummy for a recording that took place on a 
Saturday, and a dummy for a recording that took place on a Sunday. *** p<0.01, ** p<0.05, * 
p<0.1.

Fixed Effect Specification

Panel A: OLS Estimator

Panel B: 2SLS Estimator



Adult Words Female Adult Words Male Adult Words

Random assignment to control or invitation arm 0.263 0.223 0.336
Clustered SE (0.169) (0.203) (0.217)
Robust SE (0.163) (0.171) (0.178)
Randomization inference p-value 0.175 0.249 0.098
Observations 87 87 87

Attendance to the LENA Start program 0.468** 0.392 0.587**
Clustered SE (0.200) (0.260) (0.266)
Robust SE (0.230) (0.240) (0.251)
Observations 87 87 87

Adult Words Female Adult Words Male Adult Words

Random assignment to control or invitation arm 0.495** 0.487* 0.388**
Clustered SE (0.180) (0.220) (0.156)
Robust SE (0.181) (0.182) (0.185)
Randomization inference p-value 0.007 0.008 0.049
Observations 87 87 87

Attendance to the LENA Start program 0.886*** 0.850*** 0.684**
Clustered SE (0.220) (0.269) (0.184)
Robust SE (0.272) (0.266) (0.270)
Observations 87 87 87

Table G1

OLS Estimator

OLS Estimator

VARIABLES

Notes: Standard errors in parentheses. We report both robust and clustered standard errors, and we report the most 
conservative significance level. We also report the randomization inference p-value after 2,000 stratified clustered 
resampling. We add the following variables to control for differences in recording sessions. First, we add the lagged 
dependent variable and we control for recording duration in baseline and endline. Second, we add a dummy variable for 
a recording done on Saturday and another dummy variable for a recording done on Sunday. Additionally, we add a 
dummy for maternal year of birth between 1978 and 1987; dummy for Hispanic ethnicity; dummy for non-Hispanic black; 
dummy for single mother; dummy for cohabiting mother; dummy for income below two times the federal poverty line; 
dummy for mothers with some postsecondary education; dummy for male child; age of the child at the date of the 
recording; and dummy for randomization group (block). *** p<0.01, ** p<0.05, * p<0.1.

Impact of the LENA Start Program on Adult Words in Audio Segments with Key Child and an Adult Person

Panel B: Audio Segments Initiated by the Child and Followed by 
Adult Person

2SLS Estimator

Panel A: All Audio Segments with Focus Child and an Adult Person

2SLS Estimator



VARIABLES Model 1 Model 2 Model 3

Random assignment to control or invitation arm 0.046 -0.050 -0.128
Clustered SE (0.168) (0.210) (0.212)
Robust SE (0.202) (0.229) (0.245)
Randomization inference p-value 0.823 0.813 0.582
Observations 104 102 90
R-squared 0.196 0.318 0.451

Attendance to the LENA Start program 0.082 -0.089 -0.216
Clustered SE (0.269) (0.309) (0.272)
Robust SE (0.335) (0.361) (0.350)
Observations 104 102 90
R-squared 0.199 0.313 0.444
Notes: Standard errors in parentheses. We report clustered and robust standard errors, and 
we report the most conservative significance level. We also report the randomization inference 
p-value after 2,000 stratified clustered resampling. We add the following variables to control for 
differences in recording sessions. First, we control for recording duration in endline, a dummy 
variable for a recording done on Saturday, and another dummy variable for a recording done 
on Sunday (Model 1). Second, we additionally add demographic characteristics (Model 2) 
including a dummy for maternal year of birth between 1978 and 1987; dummy for Hispanic 
ethnicity; dummy for non-Hispanic black; dummy for single mother; dummy for cohabiting 
mother; dummy for income below two times the federal poverty line; dummy for mothers with 
some postsecondary education; dummy for male child; age of the child at the date of the 
recording; and dummy for randomization group (block). Third, we additionally add 
conversational turn counts at baseline, recoding duration at baseline, and dummies for 
Saturday and Sunday at baseline (Model 3). *** p<0.01, ** p<0.05, * p<0.1.

Table G2: Impact of the LENA Start Program on Exposure to TV/Electronics

Panel A: OLS Estimator

Panel B: 2SLS Estimator
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