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A B S T R A C T   

In a conversational exchange, interlocutors use social cues including conversational turn-taking to 
communicate. There has been attention in the literature concerning how mothers, fathers, boys, 
and girls converse with each other, and in particular who initiates a conversation. Better un
derstanding of conversational dynamics may deepen our understanding of social roles, speech and 
language development, and individual language variability. Here we use large-scale automatic 
analysis of 186 naturalistic daylong acoustic recordings to examine the conversational dynamics 
of 26 families with children about 30 months of age to better understand communication roles. 
Families included 15 with boys and 11 with girls. There was no difference in conversation 
initiation rate by child sex, but children initiated more conversations than mothers, and mothers 
initiated more than fathers. Results support developmental theories of the different and variable 
roles that interlocutors play in a social context.   

1. Introduction 

There has been sustained interest and theoretical attention concerning the role of social interactions in development (Vygotsky, 
1978; Rogoff, 1990; Tomasello, 1992, 2003). Much of the emphasis has been on the roles of early vocal development and joint 
attention in young children learning to communicate and engage in conversation. The scientific interest in these subjects has a long 
pedigree, extending back to the early twentieth century (Ronjat, 1913; Smith, 1926, 1935; Adamson et al., 2014; Bornstein et al., 2008; 
Bloom et al., 1996; Barton and Tomasello, 1991; Oller, 2000; Pinker, 2003). In a conversational exchange, interlocutors use a complex 
set of linguistic rules (such as how plurals are formed or the word order of phrases) and social cues to communicate (Schacter, 1979; 
Tomasello and Farrar, 1986). Among those are gestures (Krauss et al., 1996), gaze (Cary, 1978; Sidnell, 2007), modulation of behavior 
(Wiener et al., 1972; Ochs and Schieffelin, 2017), and many well-documented linguistic and communicative behaviors such as 
turn-taking and conversational repair (Uno, 2017; Yang and Heeman, 2010; Grothendieck, et al., 2010; Sidnell, 2007; Black and 
Logan, 1995). For example, children have been shown to use longer utterances when engaged in conversation with adults as compared 
with conversations with other children (Smith, 1935). Vocal exchanges between children and their caregivers lay fundamental 
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groundwork for eventual conversation and communication (Bateson, 1975; Oller, 2000; Tomasello, 2008; Oller et al., 2013). These 
early vocal and conversational exchanges may help to better understand the influence of sex, race, or social differences in the course of 
speech and language development (Phillips 1973; Huttenlocher et al., 1991; Clark, 2013). 

Some researchers have identified sex differences in the ways boys and girls use language. A recent study looking at 13,783 Eu
ropean children’s communicative gestures, word comprehension, word production, and onset of early two-word utterances found that 
girls were generally ahead of boys. It also found that there was no more statistical variance among boys than girls (Eriksson et al., 
2012). It is clear that relative differences among boys is far from settled science. Arden and Plomin (2006), for instance, find greater 
variance among boys in intelligence, which Bjorklund and Causey (2017) interpret as boys being more variable in verbal skills. 
Whatever the differences between boys and girls, they may further develop into sex-specific speech and behavior patterns throughout 
the toddler and preschool years (Kaushanskaya et al., 2013). Other researchers have suggested that young children may adapt to or 
emulate certain speech and conversational characteristics of their parents, learning from both fathers’ and mothers’ communication 
strategies (Langman and Shi, 2020; Maltz and Borker, 2012; Leaper, 1991). Sex differences may also be the result of girls’ increased use 
of symbolic activities related to language (Brandlistuen et al., 2020; Toivainen et al., 2017; Bates et al., 1979; Bornstein et al., 1999). 

A relatively recent area of interest in the study of language use is conversation initialization (Tomasello, 1988; Hoff, 2006; Ayers 
and Sonandre, 1999; Pancsofar and Vernon-Feagans, 2006). The person who initiates a conversation is more likely to choose the topic 
or frame the content of the exchange (Goffman, 1974; Linell, 1998; Uno, 2017), is perceived to be more confident and more accurate 
(Wright and Carlucci, 2011), and may increase the ability to influence interlocutors (Gabbert et al., 2006; Nguyen et al., 2021). 
Children who initiate an interaction are more likely to elicit a response or increase the overall rate of conversations or interactions 
(Tomasello et al., 2005; Zheng et al., 2020). Conversations initiated by children have been shown to be longer than conversations 
initiated by adults (Cazden, 1970). Toddlers have been shown to have more mature vocal utterances when they initiate conversations 
as opposed to when their mothers do the initiating (Ko et al., 2016)6. Communicative function of conversational initiations may also 
differ by sex. Girls may initiate conversations to establish or maintain relationships (Maltz and Borker, 2012; Trevarthen and Aitken, 
2001), while boys may initiate conversations to establish dominance or attract and maintain an audience (Hyde, 2014; Kugler et al., 
2018; Maltz and Borker, 2012). Another notable factor in this discussion is the influence of cultural context on interpersonal and 
conversational exchanges. It has been shown, for example, that working- and middle-class mothers and fathers do not engage in the 
same types of conversations with their children (Yu, Bonawitz, and Shafto, 2019). Other studies have shown communicative effects of 
social class (Hart and Risley, 1995), geographical and social differences in families (Sperry, Sperry, and Miller, 2018), and 
socio-economic status (Hoff, 2006; Huttenlocher, Waterfall, Vasilyeva, Vevea, and Hedges, 2010). We are not aware of studies that 
have looked explicitly at rate of conversation initiation by social factors. These results point to substantial, but varied, reported effects 
of conversational initiation, the subject of the present work. 

In addition to the direct role that children play, mothers and fathers contribute to and participate in the communicative devel
opment of their children. Mothers and fathers also differ in what role they play in conversations (Maltz and Borker, 2012; Lundy, 
2003). Fathers have been shown to initiate (and respond to) fewer conversations than children (Hiadek and Edwards, 1984). On the 
other hand, fathers appear to be more physical in interactions with their children than do mothers (Power and Parke, 1982; Lamb et al., 
2017). There are other differences. Mothers engage in more frequent and longer conversations with their children than fathers do 
(Golinkoff and Ames 1979; Craig and Evans 1991), regardless of communicative disabilities of their children (Kristensen et al., 2020). 
Fathers contribute language that is more formal in tone, has greater lexical diversity, is shorter, and incorporates problem-solving and 
linguistic play (Tomasello et al., 1990; Rondal, 1980). Mothers, on the other hand, contribute language that is more comment-driven 
and child-content oriented (Aries, 1987). 

Some studies have examined conversational characteristics of mothers and fathers to sons and daughters. The reports conflict. 
Whiting and Edwards (1988) indicate that mothers focus more conversational attention on their sons than on their daughters. Two 
later studies indicate that mothers focus more conversational attention on their sons (Leaper et al., 1998; Muchnik and Stavans 2009). 
Still others have found that mothers converse equally with their sons and daughters (VanDam et al., 2016). Children have also been 
shown to communicate differently with mothers and fathers (Leaper, 1991; VanDam and De Palma, 2014), engaging in more overall 
conversation with mothers as compared with fathers (Craig and Evans, 1991; De Palma and VanDam, 2017). In short, the differential 
conversational style of mothers and fathers with their daughters and sons is an open research area. 

There is a long history of researchers using technology to address questions of language use and behavior of the sort discussed 
above. Vocal dosimetry has been used, albeit on small-scale and sparingly, in the 20th century (Harkness, 1975, 1977; Korman, 1984; 
Wells, 1979; Hart and Risley, 1995, 2003), but began to make serious strides in the early 2000s (Gilkerson and Richards, 2008) due to 
improved hardware, data storage, and processing techniques, among other advances (VanDam and De Palma, 2019; Beckman, et al., 
2017; Dubey, et al., 2017). As a result of the sea-change in technology including the LENA (Gilkerson and Richards, 2008), the Virtual 
Speech Kitchen (Metze et al., 2013), and massive increases in available data such as the HomeBank data project (VanDam et al., 2016), 
there now exist the tools and raw data to address questions old and new using hardware and techniques that were unavailable to earlier 
research endeavors. 

This report relies on data collected by the LENA device (Gilkerson and Richards, 2008; LENA Research Foundation, Boulder, CO). 
The system consists of a small audio recorder, worn by a child, and associated software to process the resulting daylong recordings. The 
child goes about his or her daily routine, collecting a naturalistic audio record of the day from the child’s perspective. The automatic 
processing software outputs an uninterrupted audio file of the day and a computer file diarizing segment boundaries and labels 
corresponding to communicative events such as who is talking, when the TV/radio is turned on, and silence. 

This work seeks to investigate the psychosocial phenomenon of conversational exchanges using modern computational hardware 
and processing techniques. It adds to the contributions of other researchers using similar techniques. For example, one study used 
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automatic methods to analyze over 13,000 hours of audio to look at communication dynamics in families with a child with autism 
(Warlaumont, Richards, Gilkerson, and Oller, 2014). Another looked at how very young infants’ vocalizations elicited vocal responses 
from their caregivers (Prezter, Lopez, Walle, and Warlaumont, 2019). Still others have examined infants’ sensitivity to parent con
versations (Casillas and Frank, 2017), and another captured over 8000 conversational turns to examine the temporal characteristics of 
turn-taking (Hilbrink, Gattis, and Levinson, 2015). These point to a growing literature that leverages automatic tools to gain insight 
into human behavioral areas. 

In this study, we make use of large-scale data collection and automatic speech processing that estimates vocal characteristics or 
vocal doses of talkers in a wild, ecologically valid environment. More specifically, we examine conversation initiation using data 
extracted from daylong recordings collected in a family setting. The following research questions are posed: (1) do toddler girls initiate 
more conversations than toddler boys? (2) do parents initiate more conversations than their toddlers? (3) do mothers initiate more 
conversations than fathers? (4) what proportion of family utterances and from which family members do not elicit a response or 
conversation? (5) which family members are most likely to make unrequited utterances? The empirical results are then discussed in 
terms of the extant literature. Finally, the advantages and limitations of the approach used in this study are presented. 

2. Method 

2.1. Participants 

Twenty-six families participated. All families included a mother and father living with their toddler. There were 15 families with 
toddler boys and 11 families with toddler girls. Families in this study participated over the course of about a year, contributing 5 to 9 
total daylong recordings each (M = 7.1 recordings, SD = 0.5 recordings), totaling 186 daylong recordings. Ages of all children at the 
time of recording ranged from 25-37 months, and the range was not different between boys and girls (boys’ range: 25-36 months; girls’ 
range: 25-37 months; t = 0.085, d.f. = 184, p = 0.533). Given the total age range, variability in number of total recordings, and limited 
distributional differences between boys’ and girls’ ages, we pooled within-family data to obtain a mean age (and other within-family 
data across the sampled ages as described below). The mean age of boys (M = 31.0 months, SD = 3.9 months) was not different from 
the mean age of girls (M = 29.6 months, SD = 4.3 months) (t = 1.254, d.f. = 24, p = 0.111). 

Seven of the boys and 6 of the girls were only-children, and the remainder had up to three additional siblings. All children in the 
study (including the siblings) were reported by parents to be typically developing. All children passed a hearing screen. Self-reported 
socio-economic status (SES) was collected for the families using a 12-point scale of mother’s education (1 = completed elementary 
school, 2 = completed junior high, 3 = received General Education Diploma (high school equivalence), 4 = completed high school, 5 =
completed 1 or more years of technical/vocational school, 6 = completed technical/vocational school, 7 = completed one or more 
years of university/college, 8 = bachelor’s degree, 9 = completed one or more years of graduate school, 10 = master’s degree, 11 =
course work completed for PhD, but no dissertation; law degree without bar; medical degree without internship completed, 12 = Ph.D.; 
law degree with bar; medical degree with internship completed). The pooled SES for all families was estimated (M = 8.2, SD = 2.0; 
range: 4-12). A two-tailed, unpaired t-test indicated that SES for families with boys (M = 7.9, SD = 2.4; range: 4-12) was not different 
from families with girls (M = 8.4, SD = 1.2; range: 4-12) (t = 0.633, d.f. = 24, p = 0.532). Of the 15 families with boys, one family 
identified as Black, two as Hispanic/Latino, and the remainder White; of the 11 families with girls, one family identified as Hispanic/ 
Latino, one as Asian/Pacific Islander, and the remainder as White. These demographics are similar to those reported in the literature 
(Haas, 2008; Vabel, Cohen, Leonard, Glymour, Duarte, and Yen, 2018), but exact comparisons are not possible due to different 
methods. All families spoke English as their primary language and report speaking only English at home. All families lived in the United 
States. Recordings were collected from families in Georgia, Illinois, Michigan, Oregon, Washington, Arizona, Idaho, Iowa, Montana, 
California, Florida, and New Jersey. 

2.2. Materials and equipment 

We employed a commercially-available, wearable audio recorder and associated processing software, the Language ENvironment 
Analysis (LENA; LENA Research Foundation, Boulder, CO, USA). The LENA comprises hardware to collect an in situ audio recording 
from the perspective of the child and software to process the audio offline using automatic speech processing (ASP) techniques. In this 
case, the software does a probabilistic mapping from audio signal to labels. The labels indicate the talker rather than text, as in 
conventional automatic speech recognition. The recording hardware is worn by the child in a specialized shirt or vest. An uninter
rupted, unprocessed, daylong audio file is collected. The audio file is then uploaded to a desktop computer and processed by pro
prietary speech processing techniques to assess properties of the auditory environment. The output of the system is a 16-bit, 16kHz, 
pulse-code modulated (PCM), lossless WAV file of the audio and an XML-coded report of the results of the ASP procedure. The system 
has been described in detail in various reports in the literature (see, Gilkerson and Richards, 2008; Oller et al., 2010; Gilkerson et al., 
2017). 

There has been considerable attention in the empirical literature paid to the validity of the LENA software labeling (Warren et al., 
2010; Oller et al., 2010; Canault et al., 2016; VanDam and Silbert 2016; Gilkerson et al., 2017; Busch et al., 2018; Ganek and 
Eriks-Brophy, 2018; VanDam and De Palma, 2019; Bulgarelli and Bergelson, 2019; Jones, Plesa Skwerer, Pawar, Hamo, et al., 2019). 
The evidence in the extant literature suggests support for the use of the LENA diarization output, although a number of shortcomings 
have also been pointed out. For example, a recent systematic review of the literature found 33 studies that looked at LENA automatic 
performance, finding correlations between automatic labeling and human labeling from r=0.36-.79 (Cristia, Bulgarelli, and Bergelson, 
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2020). Another study looking at the automatic performance of the LENA system (Cristia, Lavechin, Scaff, Soderstrom, Rowland, 
Räsänen, Bunce, and Bergelson, 2020) found that the automated “conversational turn count” (CVC) generated by the system was 
among the lower performing variables when compared with human ratings. Though we do not use the CVC counts directly, our own 
custom-built software, described below, uses LENA-generated classifications. In another report (Cristia, Lavechin, et al., 2020), the 
authors point out that regardless of absolute and relative error rates, “whether LENA results are “good enough” depends largely on the 
goals of each particular study” (p. 16). 

The diarization output includes onset and offset times which segment the recording and assign specific output labels to each 
segment. Among other labels, the present work was interested in the temporal order of the talker labels. These indicate live human 
speech production from the mother, the father, and the child wearing the recording device. The LENA classification system requires 
that segments are a minimum of 600ms in duration, are identified solely as a live voice, and are not interrupted by silence or noise 
greater than 800ms (described in Oller et al., 2010). 

LENA segments and labels the daylong recording. We use these segments and labels to construct conversation initiation counts (a 
subject we introduce here and describe in detail below). For example, adjacent segments (of any length) of the mother followed by the 
child counts as a mother-initiated conversation. A similar sequence begun by the mother, but which included an intervening noise 
segment before the child segment would not be counted as a conversation. It should be noted that the software attempts to identify 
merely adult female (“FAN”), adult male (“MAN”), and target child (“CHN”), among other labels such as those corresponding to 
vocalizations of other children, environmental noise, and silence. The LENA system also identifies segments as adult female, adult 
male, and target child (“FAF,” “MAF,” and “CHF,” respectively) which are probabilistically “far” from the statistical likelihood model 
(hence the “F” in the category label contrasting with “N” indicating “near” to the model in other labels). These lower probability “far” 
segments were not used in the current study. We reasonably infer that the labels “FAN,” “MAN,” and “CHN” correspond to mother, 
father, and child, respectively. It is possible, for example, that an adult male who is not the child’s father is labeled as “MAN” and would 
ultimately be included in our category corresponding to “father.” In practice, these errors are surely present in the data, but we assume 
(1) the real presence of talkers who are not the mother or father are relatively rare, (2) language learning, social and conversational 
dynamics, and development may be minimally sensitive to a parent-non-parent distinction, and (3) there are substantial known valid 
data (see VanDam and Silbert, 2016; Silbert et al., 2013) that are minimally influenced by relatively rare events. 

To determine who initiates a conversation, a custom parser was developed using MATLAB (VanDam, 2020). The custom scripts take 
XML files (known to LENA researchers as “ITS files”) as input, computes the conversational turn count, and generates summary values 
of the contingencies described immediately below. LENA ASP routines generate a record of the ordered segment labels. As noted 
above, these are used to determine the presence and order of conversations. The result is a record of the initiation of conversational 
turns for each talker. We identified each segment bearing the LENA-generated labels corresponding to mother, father, and target child, 
as described above, and assessed whether the segment immediately following was another of the target labels. Sequences of talker 
labels uninterrupted by other labels were considered a conversation, and only the first talker in a conversation was counted as the 
talker who initiated. This was important in determining “conversation initiation” apart from turns within a conversation. For example, 
a sequence of child-mother-child would count as a single conversation initiated by the child and not count for a conversation initiation 
by the mother. We do not here report “conversational turns” in which each talker exchange, regardless of utterance, is counted as a 
“turn.” Here we identify each “conversation” and report on the talker who initiates, regardless of how many turns follow, granted that 
at least one turn is required for a conversation, or it is classified as an unrequited utterance. Our analysis provides no information on 
the semantic or lexical content of the speech. This is to say, talker adjacency is operationalized as a proxy for a more complex, fuller 
understanding of conversation. 

It is worth noting here the tradeoff between in situ generated data of the kind described in this study and that collected and coded in 
laboratory setting. The present approach allows for massive amounts of data, far more than can be collected in a laboratory. There is 
also a tradeoff with coding inaccuracy resulting from judgment calls made in manual coding done by live human judges. The data here 
are processed by a computer. On the other hand, the interpretation of conversation is necessarily less rich. The data used in this paper 
are a subset the Cougar Corpus (VanDam, 2018) described in detail in VanDam et al (2016). 

2.3. Procedure 

Families were recruited as part of a larger study from childcare facilities and preschools using flyers, email invitations, and word-of- 
mouth. Families were provided written, informed consent to participate in the study. The study was reviewed and approved by the 
human subjects committee and institutional review boards of the first author’s university. Parents provided written responses to a 
detailed intake form which included demographic and family information. Researchers stated to the families that the goal of the study 
was to collect regular monthly recordings for one year. This goal was not achieved by any family due to scheduling. Instead, families 
contributed less often, actually contributing from 5 to 9 total recordings in one 12-month span. We opted to retain the overall duration 
of 12 months, even though contributions were less frequent than anticipated, to provide a uniform developmental window within 
observations. All recordings took place in the homes and natural daily environments of participating families without the presence of 
the authors or researchers. Prior to each scheduled recording day, families were provided with a shirt or vest with a custom pocket 
designed to fit the LENA audio recorder. Each family was instructed to begin recording when the child woke in the morning and end 
recording at bedtime in the evening. Since, by design, the child carries the recorder, the recordings are from the auditory perspective of 
the child during his or her waking hours. 

We asked families to record during a day that was typical for them and when parents and the child were all present. We did not 
request continuous presence of all family members throughout the day only that family members were active participants during some 
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part of the recording day. We asked that recordings be completed on a day when the family was usually present and not on a day when, 
for example, the mother was out of town on a business trip or the child spent the bulk of the day at a relative’s house. Families 
submitted written logs spanning half-hour blocks over the entire recording time. These described typical activities and active par
ticipants. Families also indicated, in retrospect, whether the day went as planned, how typical the recording day was, and the general 
health of family members. This log was intended to screen for prospective sickness or unusual daily activities or routines. None were 
indicated. No recordings were screened or excluded as a result of the daily activity log. 

After each daylong recording was collected, the recorder and daily activity log were retrieved by researchers and processed offline 
in the laboratory. LENA Pro software (V3.1.4-136 r9771) was used to process recordings and output the XML formatted diarized 
results, as described above. The proprietary LENA software processes the daylong audio recordings seeking to identify speech-like 
utterances by identifying high-energy periods bounded by low-energy periods, categorize those utterances by talker, and perform 
other cascading analyses looking to recover details of the articulatory mechanisms responsible for the acoustic output (Oller et al., 
2010; Gilkerson & Richards 2008; Gilkerson et al., 2017). The system uses acoustic rhythm, spectral characteristics, prosody, and 
duration as key acoustic variables of interest (details are given in Oller et al., 2010). 

2.4. Data and analysis 

Raw data from each recording was processed and summary estimates of conversation initiations by talker were tallied. The number 
of conversation initiations by each talker was then divided by the total number of conversations to obtain the proportion of total 
conversations initiated. The sum of each talker’s total initiations sums to 1.0. Utterances from each family member that were not 
followed by another utterance were also tallied to provide an estimate of unrequited speech. The proportion of unrequited utterances 
was determined as the number of utterances neither preceding nor following another family member’s utterance, divided by the total 
number of utterances from that talker. A within-family average was then computed across all recording for each family, collapsing 
across multiple recordings to reduce the possibility of an outlier affecting the data. The data subjected to statistical analysis consisted of 
one observation for each family at each variable of interest. Unpaired, two-sample, two-tailed t-tests were used to test for difference in 
sample means and an ANOVA was conducted with the proportion of unrequited utterances as the dependent variable. The alpha- 
criterion is nominally set to the traditional threshold of 0.05, but in all cases, we report exact probability values or thresholds sub
stantially smaller than the alpha criterion. Figures below showing error bars indicate the mean and the 95% confidence interval about 
the mean. 

Figure 1. Conversations of boys and girls. Girls do not initiate conversations more than boys. Mean conversation initiation ratios and 95% con
fidence intervals about the mean are plotted. 
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3. Results 

Boys’ and girls’ mean rate of conversation initiation was not shown to differ (Mboys = 0.524, SDboys = 0.060, Mgirls = 0.503, SDgirls 
= 0.087; t(24) = 0.724, p = 0.475). Rate of conversation initiation is shown below in Figure 1. 

Because boys and girls did not differ in their rate of conversation initiation, all children were pooled into a single category. 
Mothers’, fathers’, and children’s mean rate of conversation initiation was different for all pairwise comparisons. Children’s rate of 
conversation initiation (Mchildren = 0.515, SDchildren = 0.072) was significantly greater than their mothers (Mmothers = 0.365, SDmothers 
= 0.091; t(50) = 6.597, p < 10− 7) and significantly greater than their fathers (Mfathers = 0.117, SDfathers = .060; t(50) = 21.516, p <
10− 26). Mothers rate of conversation initiation was significantly greater than fathers (t(50) = 11.520, p < 10− 14). Rate of conversation 
initiation is shown below in Figure 2. 

Individual family conversation initiation ratio is shown in Figure 3 below. In all but two families, mothers initiated more con
versations than fathers. 

A two-way ANOVA was conducted that examined the effect of child sex and family member initiating an utterance on the pro
portion of unrequited utterances. Sex of the target child (boy, girl) and family member initiating (mother, father, child) were the 
independent variables. The model was significant (F(5, 72)=20.002, p<10− 11). There was a small main effect of sex (F(1, 72)=9.043, 
p=0.004), with boys showing a higher proportion of unrequited utterances (M=0.59, SD=0.06) compared to girls (M=0.56, SD=0.05). 
There was a main effect of family member initiating (F(2, 72)=41.980, p<10− 12), with mothers (M=0.58, SD=0.03), fathers (M=0.51, 
SD=0.04), and children (M=0.63, SD=0.05) mutually statistically different in all pair-wise comparisons shown by LSD posthoc tests 
(all ps<0.002). There were no interaction effects between the factors (F(2, 72)=0.734, p=0.483). 

4. Discussion 

This work (1) did not find a difference in toddler boys’ and girls’ rate of conversation initiation, (2) demonstrated that, regardless of 
child sex, children initiate more conversations than their parents, (3) demonstrated that mothers initiate more conversations than 
fathers, and (4) showed that boys have more unrequited utterances than girls, children have more unrequited utterances than their 
parents, and mothers have more unrequited utterances than fathers. 

4.1. Theoretical implications 

The finding that toddler boys and girls, at least in this sample, initiate conversations at the same rate may appear surprising and 

Figure 2. Family conversations. Family conversations are initiated most often by children, then by mothers, and least frequently by fathers. All 
pairwise comparisons are significantly different. Mean conversation initiation ratios and 95% confidence intervals about the mean are plotted. 
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deserves further investigation, given the extensive empirical literature on the differential behavior of boys and girls (Arden and 
Plomin, 2006; Aries, 1987; Bjorklund and Causey, 2017; Eriksson et al., 2012; Hoff, 2006; Huttenlocher et al., 1991; Whiting and 
Edwards, 1988). Many of the reports in the literature showing how family members interact with each other have used more tradi
tional measures such as human transcription, whereas we employed automatic methods to make observations. This study however, 
looked explicitly at a communicative skill (i.e., conversation initiation), while not examining the linguistic or semantic content of the 
utterances. Obviously, the automatic methods employed here are the source of this trade-off, with a number of consequences outlined 
below. Encouragingly, there are a growing number of studies that use automatic methods similar to those used here to examine re
lationships among conversations and factors such as reading skills (Merz et al., 2020)20 and cultural differences (Ganek, Smyth, Nixon, 
and Eriks-Brophy, 2018). 

The finding that children initiate more conversations than their parents may support children’s latent interest in conversation. 
When children initiate conversations, others talk more (Tomasello et al., 2005), talk longer (Cazden, 1970), and the children them
selves use more mature vocal utterances (Ko et al., 2016)6. There have been a number of reasons offered as to why children initiated 
more conversations. These include persuading adults to act (Bartsch, Wright, and Estes, 2010), asserting a right to choose the topic of 
conversation (Linell, 1998), and showing confidence (Wright and Carlucci, 2011). From a developmental perspective, these notions 
suggest that children may be motivated to engage more and on their own terms (for example by dictating the topic of conversation). 
These actions likely lead to more joint attention and mutual engagement, thus bootstrapping development. 

There has been some historical interest in the empirical behavioral literature looking at the role of fathers in the development of 
their children (Lamb, 2004), and in the development of language and communication in particular (Gleason, 1975; Perlmann and 
Gleason, 1993; McLaughlin et al., 1983; Tamis-LaMonda et al., 2013). Though it is important to point out that this study does not 
attempt to interpret the content of family speech, it does support the view that fathers speak less frequently to their children than do 
mothers. The question, of course, is why this should be the case. There is evidence that differential input from parents may be due to 
different, possibly tacit, goals of mothers and fathers. Adapted from early 20th century insights by Vygotsky (1978, 1986), the 
“apprenticeship model” suggests that learners, as apprentices, may learn differentially from different agents—the masters—in their 
socio-cultural spheres (Wells, 1980; Wertsch, 1985). A similar model referred to as the “bridge hypothesis” (Gleason, 1975; Mannle 
and Tomasello, 1987; Rondal, 1980) suggests that fathers, in particular, serve as a bridge to the outside world. In the case of vocal 
development, children may learn different speech and language use details from mothers, fathers, and other interlocutors in their 
social contexts. For example, mothers may use or model certain conversational styles which children learn to associate with the social 
role of their mothers. If fathers model this style less often or not at all, the association may be weaker with fathers and favor another 
style that models, for example, the outside world. This approach may also interact with statistical regularities in language learning in 
which children are sensitive to distributional characteristics of the input (Hintzman, 1984). For example, Saffran et al (1996) show that 
very young babies detect phonological regularities in the input and use those to segment lexical items. Others have argued that the 
statistical regularities in the communicative signal may give children insight into the social world and have an influence on devel
opment (Ruffman et al., 2012)2; Tasimi, 2020). It is possible, then, that young language learners are also sensitive to input charac
teristics that are stored and accessed in terms of social interactions. These may include who initiates a conversation and what role 
initiation plays in the development of social interactions. The present work offers a description of differences between mothers’ and 
fathers’ communication with their children. Mothers, for instance, initiate more conversations than fathers in a typical family setting, 
while others tend to have fewer unrequited utterances than mothers or children. Children may key into these statistical patterns and 
consequently develop an understanding of the role of specific interlocutors in communicative exchanges. Children, for example, may 
recognize the statistical regularity that fathers tend to elicit a response at a higher rate than they or their mothers. This could modulate 

Figure 3. Individual family conversations. Conversations by mothers, fathers, boys and girls in relation to each other. Mothers are plotted in orange 
markers and fathers are plotted in black markers. Parents’ conversation initiation ratio is given on the ordinate for both mothers and fathers. 
Children’s conversation initiation ratio is plotted on the abscissa. Boys are plotted in open markers and girls in filled markers. Each within-family 
mother-father pair is represented by the unique child value on the abscissa. The sum of the mother, father, and child ratios must equal 1.00 for 
all families. 
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their expectations of conversational exchanges including attention, development of pragmatics, or language learning (Clark, 2018). 
The present findings show that different rates of conversation initiation do not necessarily elicit a response, but they also document 

individual variability and may indicate complexity in communicative interactions that have not been thoroughly documented in the 
literature. It is particularly interesting that here we show boys elicited fewer responses to their utterances than girls. Boys got no 
response to 59% of utterances and girls to 56% of utterances. The absolute difference is relatively small, and this result could be 
examined in greater detail in additional work. It is possible that differences by sex are either uniquely revealed by the automatic 
methods or are an artifact of the automatic methods themselves. This warrants further attention. Eliciting a response has been shown to 
affect rate of conversation (Tomasello et al, 2005), maturity of vocalization (Ko et al., 2016)6, and vocal coordination (Abney, 
Warlaumont, Oller, Wallot, and Kello, 2016). These instances of vocal and social development may help to explain differences between 
boys and girls in the time course of their development. From this, we conclude that there are productive theoretical issues of the 
present work both in the face value of the findings and in further directions suggested by the findings. 

4.2. Practical implications 

This study employed computational techniques to analyze 186 daylong recordings, totaling 1915.8 total hours of raw audio in 
which 19070 conversations were identified. In addition to the content of conversational exchange initiations, this study demonstrates 
that modern technology and very large datasets can address issues in communicative development. This project, then, is a demon
stration of the new tools and methods available which, to date, have been only explored in a limited fashion. The principal advantages 
of this approach have to do with both size and situation. The size of the dataset examined exceeds that which may be examined under 
laboratory conditions. The situation of collection, home recordings, suggests a higher ecological validity than in the laboratory. These 
attributes, among others, suggest methodological extensibility with clear long-term potential. 

Another practical application includes considering conversation initiation more explicitly as a dependent variable to better un
derstand populations not explicitly sampled here. There may be interest in younger or older children, children from varying socio- 
cultural backgrounds, families who speak languages other than or in combination with English, or children with disabilities. In 
particular for children with communicative disorders or disabilities, the automatic assessment of conversation initiation may lead to 
earlier or differential diagnosis, alternative educational approaches, or more targeted intervention strategies. For example, it has been 
shown that fathers talked more to their boys with hearing loss and mothers talked more to their girls with hearing loss (VanDam et al., 
2016; Kristensen, Sundby, Hauge, and Löfvkist, 2020). These sex differences in communicative use are currently only beginning to be 
explored. If the automated technique used here is applied to a broader sample, new insights into language and development could be 
explored. 

4.3. Limitations 

Language use and conversation are complex human behaviors. The goal of the present work was focused on specific aspects of 
conversation initiations and the computational methods used to look at these phenomena, but there are contributions to communi
cation not considered here. 

The technology used in this work, the LENA, makes objective estimates of vocal and conversational characteristics of interlocutors, 
but the operationalization may not strictly parallel human-transcribed data or the ultimate behavioral phenomenon of interest here. 
For example, it has been shown grouping talkers by categories such as “man,” “woman,” and “child” are obtained through different 
decision channels for computers versus humans (VanDam and Silbert, 2016). In particular, automatic speech processing algorithms 
appear to use fundamental frequency and durational characteristics in a different way than human judges. These process differences 
impact the eventual labels applied to stimuli. It is a limitation of the present work that we rely on the specific labels that are auto
matically generated by the software. If those labels lack construct or content validity, the ability to draw conclusions is limited. 

There have been many reports on the consistency, accuracy, precision, and validity of the LENA technology in a variety of domains 
(Oller et al., 2010; Warren et al., 2010; Xu et al., 2009; Gilkerson et al., 2017). Those reports typically find support for the labeling 
consistency of the diarization results, but still performance is different from human transcribers. For example, the LENA automatic 
labeling procedures have been shown to be biased: female utterances were mislabeled as male in 22% of instances but male utterances 
were mislabeled as female in only 3% of utterances, and female utterances were mislabeled as children in 6% of utterances while male 
utterances were mislabeled as children in only 1% of utterances (Cristia, Levechin et al., 2020). Cristia and colleagues further caution 
that LENA labels corresponding to the father may be confused with other talkers or non-speech categories at a higher rate than children 
and mothers. These reports suggest fathers’ utterances are over-labeled, and children and mothers are more often confused than 
children and fathers. Although we cannot directly compare our results with the data in Cristia, Levechin, et al., the direction of those 
trends in their report would likely bolster our findings with respect to fathers (possibly increasing the magnitude of the effects 
demonstrated here), but may reduce the magnitude of effects between children and mothers shown here. Further, there are only 
limited published reports on the fidelity of utterance segmentation procedures which rely on LENA-generated data (Oller et al., 2010; 
Cristia, Lavechin et al., 2020; Xu, Yapanel, Gray, 2009). Overall, the literature regarding utterance segmentation procedures is sparse 
and does not include the level of detail necessary to easily test the methods or attempt to reproduce critical results. 

Another utterance segmentation issue, as pointed by Cristia and colleagues, is that there is a lack of one-to-one correspondence 
between the eventual segmentation of LENA methods and the more general understanding of what constitutes useful units of speech, 
communication, or language (Cristia, Lavechin et al., 2020). There is much current attention in the literature on improving the 
technology, including work on computational methods that use modern, and more transparent approaches (Metze et al., 2013; 
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Schuller et al., 2017; Räsänen, Seshadri, Lavechin, Cristia, and Casillas, 2020; Lavecin, Bousbig, Bredin, Dupoux, and Cristia, 2020) 
and commercially available audio (and video) recording hardware (Casillas, Brown, and Levinson, 2019). 

It is possible that there are additional structures in the data that were not considered here, but which may play a role in how family 
conversational dynamics play out. For example, there is some evidence that fathers interact differently with their sons than their 
daughters (Siegal, 1987; De Palma and VanDam, 2017). Other evidence suggests that mothers and fathers may be differentially 
sensitive to specific details of a child’s ability or disorder (Konstantareas et al., 1988; Flipen and Watson, 2015). Parents and children 
accommodate to one another as a function of age and maturity (Tamis-LaMonda and Bornstein, 1991; Vigil et al., 2005), which may 
factor into communicative styles. We do not have the data to thoroughly address contextual and social influences of language and 
conversational use, but social factors are known to influence communication (Hoff, 2006). In future work we may consider a wider 
range of variables known to influence speech and development, which may in turn reveal additional structures in communication. 

It is also important to note that the operationalization of “conversation” here certainly lacks a deeper understanding of human 
interaction, including joint attention, semantic or topical qualities of communication, and other factors. It should also be noted that 
any characterization of an initiation necessarily includes or assumes a conversation. Here we use ordinally-dependent talker transitions 
as a proxy for conversations, but there are at least three issues with that approach. First, we do not have direct evidence that actual 
content was exchanged. For example, the method used here would not distinguish between two talkers having a meaningful con
versation and two talkers vocalizing in a shared auditory environment but unrelated to one another. Although unrelated vocalizations 
likely occur, we do not access the (meaningful) content of the recordings, so no firm evidence is at hand. In the case of unrelated 
vocalizations, the automatic methods employed here may have counted a conversation and subsequent initiation in a real-world 
circumstance in which no interpersonal communication occurred, a situation that would not reasonably be included in a more per
fect analysis. Second, there are temporally dependent characteristics of conversational and turn-taking exchanges that are more 
nuanced approaches to determining and understanding exchanges (Levinson and Torriera, 2015). The current approach used exclu
sively ordinal relationship of talkers, but another, not particularly computationally heavy approach, might take into account the timing 
of utterances, pauses, overlapping vocals, and other interactional characteristics. Third, there may be communicative events that 
would reasonably be considered conversations that are not accounted for here because they do not follow the temporal pattern used to 
define conversations. For example, a mother may give a directive to a child and the child might give a gestural response such as a head 
shake or shrug. This would be recorded in the audio record not as an exchange, thus not as a conversation, while nevertheless a 
communicative exchange could be understood to have taken place. In that case of a child engaging non-verbally, the exchange might 
be tallied as an unrequited utterance from the mother, no conversation initiation, and no child input. All of these conclusions may belie 
the true communicative event that took place. It is not immediately clear if the bulk of missed characterizations would tend to over- or 
under-estimate overall conversation initiations. There is not a clear remedy to this issue given the methods undertaken here. Taking 
these details into account may give a finer understanding of interactional vocal behavior. 

4.4. Summary and conclusion 

This work studies conversation initiation in a home setting among mothers, fathers, and their toddlers, where the mean age of boys 
was 31.0 months and the mean age of girls was 29.6 months. Conversations were collected through audio recording devices worn by 
the children throughout their waking hours. Twenty-six families contributed 186 recordings, for a total of 1915.8 hours. The re
cordings were processed using the LENA speech classification software which labels the start and stop times of conversational par
ticipants. Speaker adjacency (e.g., a child speaking followed by an adult speaking) was taken as a proxy for a conversation. Using this 
definition, we examined 19070 conversations using custom-build software. 

We found that boys and girls (1) initiate conversation at the same rate and (2) initiate more conversations than their parents, 
regardless of sex of the child or sex of the parent. We found, further, that (3) mothers initiate more conversations than fathers. We also 
report here that (4) boys elicit fewer conversational responses, children fewer than their parents, and mothers fewer than fathers. 

Large scale, daylong audio recordings and automatic processing have recently enjoyed increasing recognition and productivity in 
the scientific literature. The ability to capture and represent complex interactional details within a family and within the family’s 
natural environment using objective tools is relatively new and presents researchers with the opportunity to examine old questions 
with new methodology and new questions altogether. The promise of this set of tools is to better understand and describe high-level 
social and linguistic features of interactions. There remain certain limitations that future studies and greater application may resolve to 
sharpen and improve the tools. 
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