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Infant contingent responsiveness to maternal language and gestures was examined in 190
Mexican American, Dominican American, and African American infant–mother dyads
when infants were 14 and 24 months. Dyads were video-recorded during book-sharing

and play. Videos were coded for the timing of infants’ vocalizations and gestures and
mothers’ referential language (i.e., statements that inform infants about objects and events
in the world; e.g., “That’s a big doggy!”), regulatory language (i.e., statements that regu-

late infants’ attention or actions; e.g., “Look at that”, “Put it down!”), and gestures.
Infants of all three ethnicities responded within 3 sec of mothers’ language and gestures,
increased their responsiveness over development, and displayed specificity in their
responses: They vocalized and gestured following mothers’ referential language and ges-

tures, but were less likely than chance to communicate following mothers’ regulatory lan-
guage. At an individual level, responsive infants had responsive mothers.

Infants have much to learn on the path to becoming competent communicative partners.
They must learn the sounds of their native language and the rules that govern how to
combine sounds to form words. They must learn to map words to objects and events in
the world, and when and how to use words and gestures to communicate effectively. A
key aspect of infant communicative competence is learning how to temporally align
vocalizations and gestures with those of other people. The temporal connection in

Correspondence should be sent to Yana Kuchirko, Department of Applied Psychology, New York

University, 246 Greene Street, 5E New York, NY 10003. E-mail: yana.kuchirko@nyu.edu

Infancy, 1–19, 2017
Copyright © International Congress of Infant Studies (ICIS)
ISSN: 1525-0008 print / 1532-7078 online
DOI: 10.1111/infa.12222

THE OFFICIAL JOURNAL OF THE
INTERNATIONAL CONGRESS

OF INFANT STUDIES



partner communications has been referred to as “conversational turn-taking” (Beebe,
Alson, Jaffe, Feldstein, & Crown, 1988; Levinson, 2016; Pickering & Garrod, 2004;
Walker, 1982), “synchrony” (Feldman, 2003; Fogel, 1993), “interpersonal coordination”
(Bernieri & Rosenthal, 1991), and “contingent responsiveness” (Bornstein, Tamis-LeM-
onda, Hahn, & Haynes, 2008; Keller, Lohaus, V€olker, Cappenberg, & Chasiotis, 1999).
Despite differences in terms, scholars share a common goal of understanding what Daniel
Stern refers to as the “split-second world” of social interactions—the idea that interac-
tions unfold in real time and are transactional in nature as communicative partners
engage in a social dance (Stern, 2009; Trevarthen, 1979). Temporal synchrony supports
infants’ development of attachment (Jaffe et al., 2001), differentiation of self from other
(Beebe & Lachmann, 1988), word learning (Tamis-LeMonda, Bornstein, & Baumwell,
2001; Yu & Ballard, 2007), emerging cognitive skills (Baldwin & Markman, 1989; Bloom,
Margulis, Tinker, & Fujita, 1996), and broadly, social integration into their cultural com-
munities. This research, however, focuses mainly on mothers’ contingent responding to
infant actions, leaving unanswered questions about infants’ contingent responding to the
communicative actions of their mothers.

How do infants contribute to the temporal synchrony of communicative interac-
tions? We asked whether infants respond contingently to their mothers, and if so,
whether their responses are specific in nature (i.e., follow certain types of maternal
communications but not others), change over development, and relate at an individual
level to mothers’ contingent responsiveness. We focused on infants and mothers from
diverse ethnic backgrounds to examine cultural specificity and generalization of contin-
gent responsiveness.

Infant contingency

Are infants’ vocalizations and gestures contingent on those of their mothers, and if so,
how do infant contingent responses change over the second year? The timing of
infants’ actions relative to those of other people is a fundamental aspect of commu-
nicative development. As adults, we know that when a person speaks to us, a response
is expected. If we pause too long, the flow of the conversation is disrupted. Decades of
research in discourse and conversational analysis has illustrated the importance of tim-
ing and synchrony in adult conversation (Beebe et al., 1988; Fogel, 1993). Microanaly-
ses of mother–infant interactions further illustrate temporal synchrony: Mothers
reliably gesture or vocalize within 3 sec of their infants’ actions (e.g., Fogel, 1993; Kel-
ler, 2013; Landry, Smith, & Swank, 2006; Tamis-Lemonda, Bornstein, Kahana-Kal-
man, Baumwell, & Cyphers, 1998; Tamis-LeMonda, Kuchirko, & Tafuro, 2013;
Tamis-LeMonda et al., 2001; Yu & Smith, 2007), for example, by saying “truck” right
after the baby touches for a toy truck.

Here we examined whether infants’ communicative behaviors were temporally
aligned with the gestures and language of their mothers. Infants’ communications
become progressively intentional and social with age: Across the first two years of life,
infants increasingly direct their vocalizations to objects and people, suggesting a grow-
ing “readiness to learn” (Goldstein, Schwade, Briesch, & Syal, 2010; Harding &
Golinkoff, 1979). Beginning at 9 to 15 months of age, infants use gestures to commu-
nicate intentions and engage others in a shared dialogue (Bakeman & Adamson, 1986;
Goldin-Meadow, Goodrich, Sauer, & Iverson, 2007; Lempers, 1979; Masur, 1983;
Mosier & Rogoff, 1994; Tomasello, Carpenter, & Liszkowski, 2007; Reddy, Markova
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& Wallot, 2013). Less is known, however, about the temporal features of infants’ vocal
and gestural communications. Through everyday exchanges with caregivers, infants
may come to learn the time boundedness of conversations—that people respond con-
tingently to one another’s communications.

Specificity of infant contingent responsiveness

A second goal was to examine whether infants respond to specific maternal communica-
tions in specific ways. Research on infant specificity is scarce, although there is some evi-
dence of specificity in parents’ responses to infants (de Barbaro, Johnson, & De�ak, 2013).
Mothers respond to infants’ gestures with gestures (Iverson, Capirci, Longobardi, &
Caselli, 1999), to infant exploration and play with play at the same level (Bornstein et al.,
2008; Damast, Tamis-LeMonda, & Bornstein, 1996), to infants’ vocalizations with lan-
guage (Bornstein, Putnick, Cote, Haynes, & Suwalsky, 2015), and to infants’ emotions
with facial and behavioral displays that match infant intensity and valence (Cohn &
Tronick, 1988; Nicely, Tamis-LeMonda, & Bornstein, 1999; Stern, 1985).

Mothers also demonstrate specificity in the types of language they use in response
to infant behaviors. Maternal language can be broadly categorized as referential (an
informative, didactic form of language that refers to objects and events in the world;
e.g., “This is a doll”) or regulatory (a form of language that regulates actions or atten-
tion; “Bring it here”), and mothers use these two forms of language selectively. Prior
research shows that when infants pointed to objects, mothers responded with object
labels (Wu & Gros-Louis, 2014. Similarly, when infants tactilely explored objects,
mothers responded with referential language, but when infants were off task mothers
used attention-getting, regulatory language to redirect infants’ attention (Baumwell,
Tamis-LeMonda, & Bornstein, 1997; Tamis-LeMonda, Song, Leavell, Kahana-Kal-
man, & Yoshikawa, 2012; Tamis-LeMonda et al., 2013).

Do infants selectively respond to distinct maternal communications? Infants might
show specificity in their responding because they have learned communicative forms
that match those of their mothers. For instance, Italian toddlers have a larger gestural
repertoire than do U.S. children, in line with their mothers’ high rates of gesturing
(Iverson, Capirci, Volterra, & Goldin-Meadow, 2008). Mirror neurons may also lead
to high specificity in infant response, with infants gesturing in response to mothers’
gestures and vocalizing in response to mothers’ vocalizations, thereby acting in ways
that align with the actions of others (Marshall & Meltzoff, 2014). Infants might also
selectively respond to mothers’ referential but not regulatory language, which would
reflect mothers’ tendency to respond to infants’ vocalizations and exploration with ref-
erential rather than regulatory language. Alternatively, infants’ responsive gestures
might follow a developmental sequence—in which babies use gestures at younger ages
at the start of second year but transition to responding with vocalizations as their lan-
guage skills solidify. Gestures are an earlier form of communication that paves the
way for language: 18-month-old infants’ use of gestures predicted vocabulary at
42 months (Rowe & Goldin-Meadow, 2009).

Associations with mother contingency

We examined associations between infants’ and mothers’ contingent responsiveness:
Do contingently responsive infants have contingently responsive mothers? There is
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strong evidence that infants prefer synchronous to asynchronous social interactions
(Tunc�genc�, Cohen, & Fawcett, 2015), being highly attuned to the contingency patterns
in communicative exchanges (Rochat, 2001). For instance, infants became distressed
when parents failed to respond to their behaviors with matched affect within a brief
time window (Tronick, 1989).

Maternal contingent responses relate strongly to infants’ cognitive, language, and
emotional development (Baldwin & Markman, 1989; Beebe & Lachmann, 1988; Bloom
et al., 1996; Roseberry, Hirsh-Pasek, & Golinkoff, 2014; Tamis-LeMonda et al., 2001).
However, whether maternal responsiveness also relates to the timing of infant vocaliza-
tions and gestures remains largely understudied (but see Bornstein et al., 2015).
Mothers who are quick to reply to infant behaviors might set a temporal pace of inter-
action that implicitly teaches infants norms around communication.

Examination across ethnic groups

We tested infant contingency in African American, Dominican, and Mexican dyads to
examine whether patterns of contingency generalize across ethnic groups. Cultural dif-
ferences have been found in the temporal sequencing of dyadic communication in prior
research. For instance, U.S. American mothers were more likely to verbally respond to
infants’ nondistress vocalizations than were Gusii mothers in Kenya (Richman, Miller,
& LeVine, 1992). Euro-American mothers displayed facial expressions and vocaliza-
tions in response to infants’ gaze, smile, and vocalization, whereas Japanese mothers
responded to their infants by looming movements (e.g., moving their upper body closer
to the infants) and touching their infants (Fogel, Toda, & Kawai, 1988); Euro-Ameri-
can mothers responded to their infants by directing attention to properties, objects, or
events in their context, whereas mothers from Tokyo responded to infants by directing
attention to themselves (Bornstein et al., 1992). Mexican mothers have been found to
use high rates of nonverbal communication, such as looking (Richman et al., 1992)
and gesturing (Tamis-LeMonda et al., 2012) when interacting with their infants.

What about infants? Do infants from different ethnic backgrounds differ in their
responses to mothers? Mexican infants might be more likely to gesture in response to
mother vocalizations or gesture, in line with their mothers’ high gestural responding.
Mexican culture has been shown to rely on keen observation during interactions and
to use gestures to communicate with others (Rogoff et al., 1993), and Mexican infants
whose mothers display high rates of gesturing also gesture frequently (Tamis-LeMonda
et al., 2012). Alternatively, infants across the three ethnic groups might display the
same pattern of responsiveness and specificity in their contingent responding. When
contingent vocalizations were examined in 11 countries (Argentina, Belgium, Brazil,
Cameroon, France, Israel, Italy, Japan, Kenya, South Korea, and the United States),
consistency was seen across cultures: Mothers and infants did not differ on their pat-
terns of contingency, despite mean level differences in vocalizing (Bornstein et al.,
2015).

Sequential analysis

Sequential analysis (Bakeman & Quera, 2011) is a statistical method to measure the
probability that a target event (e.g., infant vocalizations) follows a given event (e.g.,
mother language), and is ideal for capturing contingent reciprocity in real-time
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interactions between infants and mothers. Sequential analysis takes into consideration
each event’s base rate (the frequency of a behavior) when estimating conditional prob-
abilities, thereby not being influenced by high- or low-frequency behaviors. Recipro-
cally, equivalent base rates can yield very different probabilities, depending on their
timing relative to other behaviors. For instance, consider two infants who produce an
equal number of vocalizations during interactions with their mothers. The first infant’s
vocalizations always follow mothers’ language within a 3-sec time window, whereas
the second infant’s vocalizations sometimes follow mothers’ language and other times
does not. In this example, infants’ contingent responding to mothers’ language would
be greater than chance for the first infant but no different than chance for the second
infant, despite the fact that the infants did not differ in their number of vocalizations.
The same analytic approach applies to testing mothers’ contingent responding.

Current study

We examined infants’ contingent vocal and gestural responses to mothers’ language
and gestures when infants were 14 and 24 months, the ages at which infants begin to
engage in triadic interactions (de Barbaro, Johnson & De�ak, 2013), use gestures to
communicate their intentions (Liszkowski, Carpenter, Henning, Striano & Tomasello,
2004), and demonstrate a strong preference for synchrony in interactions with others
(Tunc�genc� et al., 2015). Three questions framed the study: (1) Do infants vocalize and
gesture within a brief time window following mothers’ language and gestures (i.e., are
they contingently responsive)? If so, do they grow in their contingent responsiveness
over development? (2) Do infants demonstrate specificity in their contingent respon-
siveness, responding with vocalizations and gestures to maternal referential language
but not regulatory language? (3) Does infant responsiveness relate to mothers’ respon-
siveness?

We hypothesized that infants’ vocalizations and gestures would be contingent on
their mothers’ language and gestures and that infants would grow in their responsive-
ness across the second year. We also expected infants to display higher contingency to
maternal referential language than to mothers’ regulatory language, thereby paralleling
mothers’ use of referential language to respond to infant behaviors (Wu & Gros-Louis,
2014; Tamis-LeMonda et al., 2013). Finally, infant responsiveness was expected to
relate to maternal responsiveness at an individual level, based on evidence that infants
align the timing of their communications to that of their mothers (Bornstein et al.,
2015; Van Egeren, Barratt, & Roach 1992).

We tested these aims in mother–infant dyads from African American, Mexican, and
Dominican backgrounds. These ethnic groups are among the fastest growing popula-
tions in the United States and are overly represented in low socioeconomic strata (Her-
nandez, 2004 US Census Bureau http://www.census.gov/population/www/pop-profile/
natproj.html). We focused on infants from low-income, minority groups to move the
study of infant–mother language interactions beyond WEIRD populations (Western,
Education, Industrialized, Rich, and Democratic) who represent only 12 percent of the
world’s population but comprise over 80 percent of study participants in the behav-
ioral sciences.

Secondly, infants from Dominican, African American, and Mexican backgrounds
may be socialized to use different forms of communication styles, which may translate
to specific skills later on. For instance, the cultural emphasis on learning through
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“keen observation” may lead to higher reliance on gestural communications in certain
Latino communities (Rogoff, et al, 1993). In line with this notion, Mexican mothers
tend to use more gestures than African American mothers, and consequently, Mexican
infants have higher scores on sequencing and imitation actions on the Macarthur Bates
Inventory than African American and Dominican children (Tamis-LeMonda et al.,
2012). Dominican families, who have a longer history of residency in the United
States, might be less likely than Mexicans to emphasize nonverbal modes of communi-
cation. Thus, infants’ early experiences with social interactions may foster different
types of communicative skills, which can be important to the design of culturally sensi-
tive parenting programs and toddler interventions.

We expected to see cultural generalizability and specificity in patterns of communi-
cation between infants and mothers. Specifically, we hypothesized that patterns of
infant contingency to generalize across groups. Infants and mothers everywhere must
learn to negotiate the give-and-take of everyday conversation, and timing of input is a
key feature of those exchanges (Bornstein et al., 2015; Keller, 2013). However, we
expected to observe specificity in frequencies of mothers’ regulatory language. Immi-
grant Latina mothers have been shown to use more regulatory language than African
American mothers (Tamis-LeMonda et al., 2012), yet to not differ in the contingency
and specificity of their language to infants (Tamis-LeMonda et al., 2013).

METHODS

Participants

One hundred and ninety (190) mothers (self-identified as Dominican, Mexican, or
African American) were recruited at public hospitals after giving birth to their full-
term, healthy infants. Dominican mothers (N = 66) were 79% first generation and
20% second generation. Mexican mothers (N = 63) were 96% first generation. The
sample was balanced for child gender (boys, N = 90, girls, N = 100). All African
American mothers (N = 61) were born in the United States, and their mothers had
been born in the United States as well. Mothers ranged from 18 to 46 years old
(M = 26.18 years, SD = 5.98). Mexican mothers (M = 27.06, SD = 5.56) were older
than African American mothers (M = 24.70, SD = 6.35), p = .05. Dominican moth-
ers’ age (M = 25.92, SD = 5.30) was not significantly different from African Ameri-
cans’ and Mexican’ mothers’ age. Thirty-eight percent of infants were firstborn, and
birth order did not vary across ethnic groups. All mothers reported being infants’
primary caregivers. Sixty-four percent of participants reported living with the father
of the child, with Mexican mothers more likely to report cohabitation than Domini-
can and African American mothers, ps < .001. Twenty percent of the sample
reported being legally married, with Dominican and Mexican mothers reporting
higher rates of marriage than African American mothers, ps < .05. African American
and Dominican mothers averaged about 11.86 and 12.26 years of education, respec-
tively. Mexican mothers had about 7.97 years of education, which was lower than
the other two groups, ps < .001. All African Americans, 25% of Dominican mothers,
and 9% of Mexican mothers spoke English as their primary language; the remaining
mothers spoke Spanish. Mothers were interviewed by native speakers of their
language.
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Procedure

Mothers and infants were visited in their homes when infants were 14 and 24 months.
Visits took place at a time of day when mothers were home and infants were awake.
Dyads were video-recorded sharing two wordless books (number book and emotion
book) and beads and a string. The order of assessments was identical at both time
points: number book was first, followed by emotion book, and then bead stringing.
The wordless number book included pictures of everyday objects of varying numbers
(e.g., five cookies), and sometimes numerals. The emotion book featured photographs
of infant facial expressions (e.g., crying, smiling). The beads were colorful wooden
shapes such as spheres and squares, which included strings for threading. Mothers
were simply told: “Please share this book (these beads and string) with your child”.
The numeracy and emotion book tasks were filmed for 2 min each, and interactions
with beads were filmed for 3 min. Researchers notified parents when to move on to
the next task. For analyses, interactions were analyzed across the three segments (emo-
tion book, number book, and beads and string), which totaled 7 min.

Coding

Infant–mother interactions were coded using INTERACT Software (Mangold,
2015). INTERACT allows for the microanalysis of mother and infant behaviors in real
time (i.e., thirty frames per second were visible and available for coding). In separate
passes through the videos, bilingual coders noted the onsets and offsets of each: (1)
infant vocalization (nondistress vocalizations only), (2) infant gesture (pointing at
object with index finger extended; showing object by holding it up or waving; giving
an object to the mother; and conventional gestures such as waving or opening/closing
fist to request an object), (3) maternal referential language (i.e., instances when mother
provides or asks for information about objects or ongoing activities; “That’s blue”;
“Eso es azul”; “What color is this?” “Que color es este?”), and (4) maternal regulatory
language (i.e., mother directs, prohibits, or corrects infants’ actions; e.g., “Look!”
“Mira!”; “Put it there” “Ponlo ah”), and (5) maternal gesture (pointing at object with
index finger extended; showing object by holding it up or waving; giving an object to
the infant; and conventional gestures such as waving or opening/closing fist to request
an object). Kappa interobserver reliabilities ranged from .84 to 1.0.

Generating sequential data

Time-stamped raw coded data were exported from INTERACT to Generalized
Sequential Querier (GSEQ) so that behavioral sequences could be generated using the
Sequential Data Interchange Standard program (Bakeman & Quera, 2011). An infant
gesture or vocalization was identified as “contingent” on maternal behavior if it fol-
lowed within 3 sec of the start of the maternal given behavior. We adopted these crite-
ria from prior work that suggested the use of a 3-sec interval is appropriate to capture
responsiveness (Tamis-LeMonda & Bornstein, 1995). The six resulting mother-to-infant
sequences of infant contingent responsiveness were as follows: (1) mother referential
language ? infant vocalization; (2) mother regulatory language ? infant vocalization;
(3) mother gesture ? infant vocalization; (4) mother referential language ? infant ges-
ture; (5) mother regulatory language ? infant gesture; and (6) mother gesture ?
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infant gesture. To assess mother contingent responsiveness and relate infant contingent
responsiveness to mother contingent responsiveness (Aim 3), the same approach was
taken, this time generating the six reciprocal infant-to-mother sequences.

Following the procedures indicated in Bakeman and Quera (2011), we generated
conditional probabilities and associated z-scores for all sequences. Conditional proba-
bilities were then converted into z-scores, which are tests of independence that indicate
the degree to which the observed probability of each sequence differs from its expected
probability. A large z-score reflects a greater than expected occurrence (relative to
chance) of that sequence. A large negative z-score indicates that a given sequence is
less likely to occur than chance. A z-score close closer to 0 indicates that the sequence
does not differ from chance occurrence. Data generated in GSEQ were then exported
into SPSS for further analyses.

RESULTS

Results are structured around the three research questions: (1) Do infants respond con-
tingently to their mothers’ language and gestures? (2) Are infants’ responses specific?
(3) Does infant contingent responsiveness relate to mother contingent responsiveness?

Preliminary analyses

Prior to sequential analyses, raw data on infant and mother behaviors were examined.
Descriptive statistics for frequencies of maternal behaviors (referential language, regula-
tory language, gesture) and infant behaviors (vocalizations, gestures) are presented in
Table 1. At 14 months, mothers used more regulatory language than referential language
t (189) = 5.45, p < .001, but at 24 months, mothers’ use of the two language forms did
not differ. Mothers were more likely to use language than gestures at both time points
(ps < .01). In terms of ethnic differences, Mexican and Dominican mothers used more
regulatory language than did African American mothers at 14 months, F(2,188) = 8.94,
p < .001, and at 24 months, F(2,188) = 9.78, p < .001. Mexican and Dominican mothers
used more gestures than did African American mothers at 14 months, F(2,188) = 8.94,
p < .001 and 24 months, F(2,188) = 9.74, p < .001. At both 14 and 24 months, infants
vocalized more than they gestured (ps < .001), and there were no ethnic differences in
base rates of infants’ vocalizations or gestures at either age.

Maternal and infant behaviors changed from 14 to 24 months. Infants increased
their vocalizations and gestures from 14 to 24 months (ps < .001). Similarly, mothers
increased their referential language and gestures (ps < .001) from 14 to 24 months, but
not regulatory language (p = .51). These patterns generalized across ethnic groups.

Infant contingent responsiveness

To examine whether infants’ vocalizations and gestures were contingent on their moth-
ers’ language and gestures, the conditional probability of each sequence was compared
to chance occurrence. The z-score for each sequence was entered as a dependent vari-
able in a one-sample t-test. For example, the conditional probability of infant vocaliza-
tion following maternal referential language (adjusting for the probabilities of infant
vocalization and maternal referential language) was compared to chance (with chance
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reflected by a z-score of “0”). These analyses were conducted separately for the 14-
and 24-month sequences.

Infants’ gestures and vocalizations were temporally aligned with the communications
of their mothers (ps < .001). Infants contingently responded to maternal referential lan-
guage with vocalizations and gestures and responded to maternal gestures with gestures,
as indicated by comparisons of these sequences to chance (Table 2). This pattern was
seen at both 14 and 24 months. In contrast, infants were less likely than chance to vocal-
ize or gesture following mothers’ regulatory language, as indicated by negative z-scores.
These patterns of infant contingency were seen across the three ethnic groups.

In terms of developmental change, infants’ communicative behaviors grew in their
contingency over development, as indicated by an age main effect in the ANOVA, F(1,
145) = 12.45, p < .001.

Specificity in infant contingent responsiveness

To test whether infants were more likely to respond in specific ways to specific mater-
nal behaviors, we compared z-scores of the 6 mother–infant sequences in a 2 (age) 9 3
(mother behavior: referential language, regulatory language, gesture) 9 2 (infant
behavior: vocalizations, gesture) 9 3 (ethnicity) repeated-measures ANOVA, with ethnic-
ity as a between-subjects variable. For example, the likelihood of infant gesture follow-
ing maternal gesture was compared to the likelihood of infant vocalization following
maternal gesture using the z-scores of the respective sequences at each age.

Infant contingent responding was highly specific: Infants vocalized in response to
mothers’ referential language but decreased vocalizations following mothers’ regulatory
language. Infants were more likely to gesture following maternal gestures and referen-
tial language, and decreased their gestures in the presence of maternal regulatory lan-
guage, F(2, 290) = 3.456, p < .05.

This pattern of specificity maintained across ethnic groups, ps < .05. (Figures 1a
through 1d and 2a through 2d), and became more pronounced at 24 months. Infants
grew in their alignment of vocalizations to mothers’ referential language from
14 months (M = .79, SD = 1.26) to 24 months (M = 1.75, SD = 1.73), p < .01. Simi-
larly, infants’ reduced vocalizations following mothers’ regulatory language became
more pronounced at 24 months (M = �.63, SD = 1.28) relative to 14 months
(M = �1.06, SD = 1.21), p < 01. Infants grew in their responsive gestures to mothers’
referential language from 14 months (M = .75, SD = 1.66) to 24 months (M = 1.5,

TABLE 2

Conditional Probabilities of Infant–Mother Sequences Compared to Chance

Contingency sequence by type of infant response

following mother given behavior

14 month 24 month

t p t p

Referential language ?Infant vocalization 7.63 .000 13.09 .000

? Infant gesture 6.27 .005 11.20 .000

Regulatory language ? Infant vocalization �6.44 .000 �11.38 .000

? Infant gesture �5.79 .000 �9.11 .004

Mother gesture ? Infant vocalization �1.46 .145 .634 .527

? Infant gesture 2.59 .010 2.02 .045
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SD = 1.64), p < .01. No developmental changes were seen in infants’ responses to
maternal gestures.

Notably, infants’ pattern of contingent responses using vocalizations and gestures fol-
lowing maternal language and gestures generalized across ethnicity, as indicated by a
nonsignificant ethnicity 9 mother action 9 infant action. This finding suggests that Mex-
ican infants, for instance, were not using gestures more contingently than language in
response to mothers’ language and gestures as compared to African American and
Dominican infants. Thus, although Dominican and Mexican infants used gestures with
more frequency than African American infants, infants of all three ethnic groups dis-
played similar patterns of contingent responses using gestures and language to mothers’
communications.

Associations between infant and mother contingent responsiveness

As demonstrated thus far, infants as a group were responsive to their mothers’ vocal-
izations and gestures: They responded within a time window of 3 sec. However, they
demonstrated specificity in these responses by gesturing and vocalizing contingently in
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Figure 1 (a–d) Infants’ contingent responses following maternal behaviors at 14 months across

ethnic groups.
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the presence of mothers’ referential but not regulatory language. Additionally, infants’
gestures were contingent on mothers’ gestures. Presumably, however, individual infants
vary in their contingent responses to mothers’ referential language and gestures, and
these variations might be explained by mothers’ responsiveness. Is there evidence of
reciprocal contingency in infants’ and mothers’ communicative interactions?

In the final set of analyses, we focused on associations between three types of
infant–mother contingent responsiveness (based on the significant positive sequences
identified in Table 2): (1) infant contingent vocalizations to mothers’ referential lan-
guage in relation to mothers’ referential responses to infant vocalizations, (2) infant con-
tingent gestures to mothers’ referential language in relation to mothers’ referential
responses to infant gestures, and (3) infant contingent gestures to mothers’ gestures in
relation to mothers’ gestural responses to infant gestures. Because infants reduced their
communicative responses following maternal regulatory language (described above),
associations between infants’ contingent responsiveness and mothers’ regulatory
responses were not examined. Similarly, infants did not vocalize in response to moth-
ers’ referential responses to gestures, and further analysis of this type of infant respon-
siveness was not conducted.

We correlated z-scores for infant contingent responsiveness with the z-scores of
mother contingent responsiveness and also compared three groups of infants on their
contingent responsiveness based on a tripartite split: (1) infants of mothers who were
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Figure 2 (a–d) Infants’ contingent responses following maternal behaviors at 24 months across

ethnic groups.
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high on contingent responsiveness (upper third); (2) infants of mothers who were med-
ium on contingent responsiveness (middle third); and (3) infants of mothers who were
low on contingent responsiveness (lower third). This tripartite split was conducted for
mothers’ referential responses to infant vocalizations, mothers’ referential responses to
infant gestures, and mothers’ gestural responses to infant gestures at each of the two
ages, which resulted in six ANOVAs.

Associations with mothers’ referential responses to infant vocalizations

Infants of high and medium responsive mothers were more likely to vocalize in
response to mothers’ referential language at 14 months, F(2,185) = 17.69, p < .001.
Further, 14-month-old infants of high-responsive mothers were more likely to vocalize
in response to their mothers’ referential language than were infants of medium respon-
sive mothers. In contrast, infants of medium responsive mothers were more likely to
gesture in response to mothers’ referential language than were infants of high-respon-
sive mothers. Infants whose mothers were low in responsiveness differed from the other
two groups of infants: Their vocalizations were not contingent on their mothers’ refer-
ential language (Figure 3a,b).

Associations between infant and mother contingent responsiveness were even stron-
ger at the 24-month assessment, F(2,185) = 81.64, p < .001. Again, infants of high-
responsive mothers were the most likely to vocalize contingently on their mothers’ ref-
erential language; infants of medium responsive mothers were most likely to gesture in
response to their mothers’ referential language; infants of low-responsive mothers were
not likely to respond contingently to their mothers’ referential language. Similarly,
reciprocal contingency was seen in the correlation between infant and mother respon-
siveness at 14 months (r = .44, p < .001), which again grew in magnitude by
24 months (r = .75, p < .001).

Associations with mothers’ referential responses to infant gestures

Mothers who were medium and high in their use of referential responses to infant
gestures had infants who gestured contingently on their mothers’ referential language
at 14 months, F(2,184) = 13.04, p < .001. In contrast, mothers who were low in refer-
ential responses to infants’ gestures had infants whose gestures were not contingent on
their mothers’ referential language. These patterns were also seen at the 24-month
assessment, F(2,183) = 7.73, p < .001. Similarly, reciprocal contingency was evident in
the correlation between infant and mother responsiveness at 14 months (r = .45,
p < .001) and at 24 months (r = .34, p < .001).

Associations with mothers’ gestural responses to infant gestures

Weak, albeit significant, associations were found between infants’ contingent use of
gestures in response to mothers’ gestures and maternal gestures in response to infant
gestures. At 14 months, infants’ contingent gestures to maternal gestures related to
maternal contingent gestures to infant gestures (r = .16, p < .05). At 24 months, these
associations were only marginally significant (r = .14, p = .06). Testing these relations
using the ANOVAs did not yield differences among infants of high-, medium-, and low-
responsive mothers.
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DISCUSSION

Infants temporally and conceptually aligned their vocalizations and gestures with the
language and gestures of their mothers. When mothers talked and gestured, infants
responded within 3 sec with vocalizations and gestures. Moreover, infants’ responses
were specific, grew over developmental time, and related to mothers’ contingent
responsiveness.

Notably, infants attuned to the pragmatic form of mothers’ language: They
increased their vocalizations and gestures following mothers’ referential language, but
reduced those behaviors in the presence of mothers’ regulatory language. Why might
this be? Mothers use referential language to talk about objects and events in the world
and are likely to do so in response to infants’ exploratory and communicative behav-
iors (Tamis-LeMonda et al., 2013). Thus, referential language provides infants with
opportunities to learn words and encourages infants to contribute to the conversation.
As mothers label, describe, and inform, infants may come to learn that people talk
about topics of shared attention, and therefore respond selectively to this type of lan-
guage input. In contrast, mothers’ regulatory language is used to direct infant attention
and action, and may not contain the same implicit expectations for infants to respond
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Figure 3 (a) Levels of Maternal Responsiveness using Referential Language to Infants’

Vocalizations in relation to Infants’ Responses to Maternal Referential Language at 14 months. (b)

Levels of Maternal Responsiveness using Referential Language to Infants’ Vocalizations in relation to

Infants’ Responses to Maternal Referential Language at 24 months.
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with vocalizations and gestures, although regulatory language may serve other impor-
tant functions such as alerting infants and teaching proper ways to act. Thus, referen-
tial language drives a communicative feedback loop that may not be seen for
regulatory language. This aligns with research showing that parents who use language
to engage children in conversations support their later language development (Hoff,
2006).

Infants’ specificity in contingent responses to mothers’ referential language might
also be explained by prosodic and emotional cues that characterize this type of lan-
guage. Referential language is high in “cognitive stimulation” and covaries with mea-
sures of maternal warmth and positive affect (Ispa et al., 2004; Prevoo et al., 2015).
Referential language (but not regulatory language) may contain prosodic contours that
attract infant attention, although further research is needed to determine whether this
is a viable explanation for the current findings. Additionally, questions are an integral
piece of referential language, and questions encourage children to respond to ongoing
conversations, although most research on this style of communication focuses on
mothers of preschoolers (Capotosto & Kim, 2016; Kuchirko, Tamis-Lemonda, Luo &
Liang, 2015; Luo & Tamis-LeMonda, 2017). Indeed, 27% of mothers’ referential utter-
ances were questions at the 14-month assessment, and this figure rose to 42% by the
24-month assessment. Thus, infants’ propensity to respond to referential language with
vocalizations and gestures but not regulatory could be partly attributed to the preva-
lence of questions in referential language. Unfortunately, power limited our ability to
analyze further breakdowns of maternal language.

Infants also gestured in response to their mothers’ gestures, in accord with research
on the matching of nonverbal forms of communication during conversations (Iverson
et al., 1999; Keller & Scholmerich, 1987; Van Egeren, Barratt, & Roach 1992). Such
patterns are noteworthy when considering the role of mirroring as a driving force in
infants’ capacity for learning (Meltzoff, 1999; Marshall & Meltzoff, 2014). As infants
imitate their parents’ actions in form and timing, they contribute to a reciprocal feed-
back loop that fosters a sense of relatedness between the infant and caregiver, and pro-
vides them with opportunities to learn about self and other. Although we coded
different types of gestures (i.e., gestures that referenced objects versus elicited actions
from the infant), the majority of infant and mother gestures were points. Thus, a limi-
tation of our study is that we could not differentiate specificity of infant contingent
responses to different types of maternal gestures as we did with infants’ contingent
responses to mother referential versus regulatory language.

Our findings also highlight infants’ growing responsiveness across the second year.
Infants’ gains in contingent responding to mothers’ language and gestures reflect
infants’ developing pragmatic competence. Growth in infant contingency over the sec-
ond year of life, however, does not imply that infants are not contingently responsive
at earlier points in time. In fact, 5-month-olds responded to mothers’ vocalizations
with vocalizations, suggesting that the seeds for contingent turn-taking emerge early in
development (Bornstein et al., 2015).

The third research aim was to examine whether infants’ responsiveness related to
mothers’ responsiveness. We found that highly responsive infants were those with
highly responsive mothers. Shared timing has been consistently regarded as an impor-
tant aspect of dyadic coordination (Crown, 1991; Jaffe & Feldstein, 1970; Jaffe et al.,
2001). Microanalytic studies of infant–mother communication reveal coordination in
the timing of communicative behaviors through face and voice (Lester, Hoffman, &
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Brazelton, 1985). Our study further highlights specificity in associations between moth-
ers’ and infants’ responses: Individual infants were more likely to match the timing of
mothers’ referential language, but did not display strong tendencies to match the tim-
ing of their gestures to the timing of mothers’ responsive gestures. Thus, individual dif-
ferences among infants in temporal features of communication appear to be stronger
for vocal than gestural modalities in the second year of life when language is rapidly
emerging.

Notably, our findings illustrate that moment-to-moment interactions are simultane-
ously culture-specific and culture-general. Cultural specificity of communication is evi-
denced in the higher rates of regulatory language used by Dominican and Mexican
mothers than African American mothers, taking into account sheer frequencies of
behaviors but not timing. The greater use of regulatory relative to referential language
by Latino mothers may reflect cultural values of socializing proper behavior in infants
(Harwood, Miller & Irizarry, 1995). Language that directs infants’ attention and
behavior may be a means for Latino mothers to teach infants the importance of being
“tranquilo” (i.e., calm), obedient, and respectful (Calzada, Fernandez, & Cortes, 2010).
Cultural specificity was also evidenced in Mexican mothers’ more frequent use of ges-
tures compared with Dominicans and African Americans. This difference may be
explained by cultural as well as socioeconomic factors. Mexican mothers in our sample
were recent immigrants, with fewer years of education, and therefore had less exposure
to US culture in contrast to Dominican and African American mothers, all factors that
may result in a greater emphasis on gestural forms of communication. A cultural
emphasis on gestures and other forms of nonverbal communication such as touch and
gaze have been documented in Mexican Mayan communities (Beckwith & Cohen,
1984; Chavajay & Rogoff, 1999; Mej�ıa-Arauz, Rogoff, & Paradise, 2005; Richman
et al., 1992; Rogoff et al., 1993). In contrast to Mexican mothers, Dominican mothers
spent more time in the United States and may have assimilated U.S. customs, which
may explain why Dominican used gestures less than did Mexican mothers. In contrast,
African American mothers were all U.S. born and had higher rates of educational
attainment than the two immigrant groups, factors that may explain their greater use
of language relative to gestures to communicate with their infants.

Although there were cultural differences in the base rates (i.e., frequencies) of lan-
guage and gestures by ethnicity, our findings illustrate generalization of contingency
patterns across infants from Mexican, Dominican, and African American backgrounds,
which aligns with evidence that parents from different cultural communities uniformly
display contingency in their responses to infants (Bornstein et al., 2015; Keller, 2013;
Tamis-LeMonda et al., 2013). Generalizability was seen in the timing, specificity, and
reciprocity of infants’ responses to mothers’ behaviors. Thus, even if dyads from differ-
ent cultures diverge in the frequency of gestures or language forms, mothers and
infants uniformly display temporal attunement and specificity in their responses to
their communicative partners. Contingent responsiveness is a core feature of infant–
parent communication that cuts across developmental time and cultural communities.

REFERENCES

Bakeman, R., & Adamson, L. B. (1986). Infants’ conventionalized acts: Gestures and words with mothers

and peers. Infant Behavior and Development, 9(2), 215–230.

16 YANA KUCHIRKO, LISA TAFURO, & CATHERINE S. TAMIS LEMONDA



Bakeman, R., & Quera, V. (2011). Sequential analysis and observational methods for the behavioral sciences.

New York, NY: Cambridge University Press. https://doi.org/10.1017/CBO9781139017343.

Baldwin, D. A., & Markman, E. M. (1989). Establishing word-object relations: A first step. Child Develop-

ment, 60, 381–398. https://doi.org/10.2307/1130984.
Baumwell, L., Tamis-LeMonda, C. S., & Bornstein, M. H. (1997). Maternal verbal sensitivity and child lan-

guage comprehension. Infant Behavior and Development, 20(2), 247–258.
Beebe, B., Alson, D., Jaffe, J., Feldstein, S., & Crown, C. (1988). Vocal congruence in mother-infant play.

Journal of Psycholinguistic Research, 17(3), 245–259.
Beebe, B., & Lachmann, F. M. (1988). The contribution of mother-infant mutual influence to the origins of

self-and object representations. Psychoanalytic Psychology, 5(4), 305.

Bernieri, F. J., & Rosenthal, R. (1991). Interpersonal coordination: Behavior matching and interactional syn-

chrony. In R. S. Feldman & B. Rim�e (Eds.), Studies in emotion & social interaction. Fundamentals of non-

verbal behavior (pp. 401–432). New York, NY: Cambridge University Press.

Bloom, L., Margulis, C., Tinker, E., & Fujita, N. (1996). Early conversations and word learning: Contribu-

tions from child and adult. Child Development, 67(6), 3154–3175.
Bornstein, M. H., Putnick, D. L., Cote, L. R., Haynes, O. M., & Suwalsky, J. T. (2015). Mother-infant con-

tingent vocalizations in 11 countries. Psychological Science, 26(8), 1272–1284.
Bornstein, M. H., & Tamis-LeMonda, C. S. (1995). Parent-child symbolic pay: Three theories in search of an

effect. Developmental Review, 15(4), 382–400.
Bornstein, M. H., Tamis-LeMonda, C. S., Hahn, C. S., & Haynes, O. M. (2008). Maternal responsiveness to

young children at three ages: Longitudinal analysis of a multidimensional, modular, and specific parenting

construct. Developmental Psychology, 44(3), 867.

Bornstein, M. H., Tamis-LeMonda, C. S., Tal, J., Ludemann, P., Toda, S., Rahn, C. W., . . . & Vardi, D.

(1992). Maternal responsiveness to infants in three societies: The United States, France, and Japan. Child

Development, 63(4), 808–821.
Calzada, E. J., Fernandez, Y., & Cortes, D. E. (2010). Incorporating the cultural value of respeto into a

framework of Latino parenting. Cultural Diversity and Ethnic Minority Psychology, 16(1), 77.

Capotosto, L., & Kim, J. S. (2016). Literacy discussions in low-income families: The effect of parent ques-

tions on fourth graders’ retellings. First Language, 36(1), 50–70.
Chavajay, P., & Rogoff, B. (1999). Cultural variation in management of attention by children and their care-

givers. Developmental Psychology, 35(4), 1079.

Cohn, J. F., & Tronick, E. Z. (1988). Mother-infant face-to-face interaction: Influence is bidirectional and

unrelated to periodic cycles in either partner’s behavior. Developmental Psychology, 24(3), 386.

Crown, C. L. (1991). Coordinated interpersonal timing of vision and voice as a function of interpersonal

attraction. Journal of Language and Social Psychology, 10(1), 29–46.
Damast, A. M., Tamis-LeMonda, C. S., & Bornstein, M. H. (1996). Mother-child play: Sequential interac-

tions and the relation between maternal beliefs and behaviors. Child Development, 67(4), 1752–1766.
Delaherche, E., Chetouani, M., Mahdhaoui, A., Saint-Georges, C., Viaux, S., & Cohen, D. (2012). Interper-

sonal synchrony: A survey of evaluation methods across disciplines. IEEE Transactions on Affective Com-

puting, 3(3), 349–365.
De Barbaro, K., Johnson, C. M., & De�ak, G. O. (2013). Twelve-month ‘‘social revolution’’ emerges from

mother-infant sensorimotor coordination: A longitudinal investigation. Human Development, 56(4),

223–248.
Feldman, R. (2003). Infant-mother and infant-father synchrony: The coregulation of positive arousal. Infant

Mental Health Journal, 24, 1–23.
Fogel, A. (1993). Developing through relationships. Chicago, Illinois: University of Chicago Press.

Fogel, A., Toda, S., & Kawai, M. (1988). Mother-infant face-to-face interaction in Japan and the United

States: A laboratory comparison using 3-month-old infants. Developmental Psychology, 24(3), 398.

Goldin-Meadow, S., Goodrich, W., Sauer, E., & Iverson, J. (2007). Young children use their hands to tell

their mothers what to say. Developmental Science, 10(6), 778–785.
Goldstein, M. H., Schwade, J., Briesch, J., & Syal, S. (2010). Learning while babbling: Prelinguistic object-

directed vocalizations indicate a readiness to learn. Infancy, 15(4), 362–391.
Harding, C. G., & Golinkoff, R. M. (1979). The origins of intentional vocalizations in prelinguistic infants.

Child Development, 50(1), 33–40. https://doi.org/10.2307/1129038.
Harwood, R. L., Miller, J. G., & Irizarry, N. L. (1995). Culture and human development: A Guilford series.

Culture and attachment: Perceptions of the child in context. New York, NY: Guilford Press.

INFANT CONTINGENCY 17

https://doi.org/10.1017/CBO9781139017343
https://doi.org/10.2307/1130984
https://doi.org/10.2307/1129038


Hoff, E. (2006). How social contexts support and shape language development. Developmental Review, 26(1),

55–88.
Ispa, J. M., Fine, M. A., Halgunseth, L. C., Harper, S., Robinson, J., Boyce, L., . . . Brady-Smith, C. (2004).

Maternal intrusiveness, maternal warmth, and mother–toddler relationship outcomes: Variations across

low-income ethnic and acculturation groups. Child Development, 75(6), 1613–1631.
Iverson, J. M., Capirci, O., Longobardi, E., & Caselli, M. C. (1999). Gesturing in mother-child interactions.

Cognitive Development, 14(1), 57–75.
Iverson, J. M., Capirci, O., Volterra, V., & Goldin-Meadow, S. (2008). Learning to talk in a gesture-rich

world: Early communication in Italian vs. American children. First Language, 28(2), 164–181.
Jaffe, J., Beebe, B., Feldstein, S., Crown, C. L., Jasnow, M. D., Rochat, P., & Stern, D. N. (2001). Rhythms

of dialogue in infancy: Coordinated timing in development. Monographs of the Society for Research in

Child Development, 66, i-149.

Jaffe, J., & Feldstein, S. (1970). Rhythms of dialogue, Vol. 8. New York, NY: Academic Press.

Keller, H. (2013). Cultures of infancy. Mahwah, New Jersey: Psychology Press.

Keller, H., & Sch€olmerich, A. (1987). Infant vocalizations and parental reactions during the first 4 months of

life. Developmental Psychology, 23(1), 62.

Keller, H., Lohaus, A., V€olker, S., Cappenberg, M., & Chasiotis, A. (1999). Temporal contingency as an

independent component of parenting behavior. Child Development, 70, 474–485. https://doi.org/10.1111/

1467-8624.00034.

Kuchirko, Y., Tamis-LeMonda, C. S., Luo, R., & Liang, E. (2016). ‘What happened next?’: Developmental

changes in mothers’ questions to children. Journal of Early Childhood Literacy, 16(4), 498–521.
Landry, S. H., Smith, K. E., & Swank, P. R. (2006). Responsive parenting: Establishing early foundations

for social, communication, and independent problem-solving skills. Developmental Psychology, 42(4), 627.

Lempers, J. D. (1979). Young children’s production and comprehension of nonverbal deictic behaviors. The

Journal of Genetic Psychology, 135(1), 93–102.
Lester, B. M., Hoffman, J., & Brazelton, T. B. (1985). The rhythmic structure of mother-infant interaction in

term and preterm infants. Child Development, 56, 15–27. https://doi.org/10.2307/1130169.
Liszkowski, U., Carpenter, M., Henning, A., Striano, T., & Tomasello, M. (2004). Twelve-month-olds point

to share attention and interest. Developmental Science, 7(3), 297–307.
Luo, R., & Tamis-LeMonda, C. S. (2017). Reciprocity between maternal questions and child contributions

during book-sharing. Early Childhood Research Quarterly, 38, 71–83.
Levinson, S. C. (2016). Turn-taking in human communication–origins and implications for language process-

ing. Trends in Cognitive Sciences, 20(1), 6–14.
Mangold (2015). INTERACT 14 User Guide. Mangold International GmbH (Ed.) www.mangold-interna

tional.com.

Marshall, P. J., & Meltzoff, A. N. (2014). Neural mirroring mechanisms and imitation in human infants.

Philosophical Transactions of the Royal Society of London. Series B: Biological Sciences, 369(1644),

20130620.

Masur, E. F. (1983). Gestural development, dual-directional signaling, and the transition to words. Journal

of Psycholinguistic Research, 12(2), 93–109.
Mej�ıa-Arauz, R., Rogoff, B., & Paradise, R. (2005). Cultural variation in children’s observation during a

demonstration. International Journal of Behavioral Development, 29(4), 282–291.
Meltzoff, A. N. (1999). Origins of theory of mind, cognition and communication. Journal of Communication

Disorders, 32(4), 251–269.
Mosier, C. E., & Rogoff, B. (1994). Infants’ instrumental use of their mothers to achieve their goals. Child

Development, 65(1), 70–79.
Nicely, P., Tamis-LeMonda, C. S., & Bornstein, M. H. (1999). Mothers’ attuned responses to infant affect

expressivity promote earlier achievement of language milestones. Infant Behavior and Development, 22(4),

557–568.
Pickering, M. J., & Garrod, S. (2004). Toward a mechanistic psychology of dialogue. Behavioral and Brain

Sciences, 27(02), 169–190.
Prevoo, M. J. L., Malda, M., Mesman, J., Tamis-LeMonda, C., Emmen, R. A. G., & Yeniad, N. (2015).

The role of the quality of maternal language input in the relation between maternal sensitivity and child lan-

guage outcomes in Turkish minority families. Poster presented at the European Conference on Developmen-

tal Psychology, Braga (Portugal).

Reddy, V., Markova, G., & Wallot, S. (2013). Anticipatory adjustments to being picked up in infancy. PLoS

ONE, 8(6), e65289.

18 YANA KUCHIRKO, LISA TAFURO, & CATHERINE S. TAMIS LEMONDA

https://doi.org/10.1111/1467-8624.00034
https://doi.org/10.1111/1467-8624.00034
https://doi.org/10.2307/1130169
www.mangold-international.com
www.mangold-international.com


Richman, A. L., Miller, P. M., & LeVine, R. A. (1992). Cultural and educational variations in maternal

responsiveness. Developmental Psychology, 28(4), 614.

Rogoff, B., Mistry, J., G€onc€u, A., Mosier, C., Chavajay, P., & Heath, S. B. (1993). Guided participation in

cultural activity by toddlers and caregivers. Monographs of the Society for Research in Child Development,

58, i-179. https://doi.org/10.2307/1166109

Rochat, P. R. (2001). Social contingency detection and infant development. Bulletin of the Menninger Clinic,

65(3), 347–360.
Roseberry, S., Hirsh-Pasek, K., & Golinkoff, R. M. (2014). Skype me! Socially contingent interactions help

toddlers learn language. Child Development, 85(3), 956–970.
Rowe, M. L., & Goldin-Meadow, S. (2009). Early gesture selectively predicts later language learning. Devel-

opmental Science, 12(1), 182–187.
Stern, N. (1985). The Interpersonal World of the Infant: A View from Psychoanalysis and Developmental

Psychology.

Stern, D. N. (2009). The first relationship: Infant and mother. Cambridge, Massachusetts: Harvard University

Press.

Tamis-LeMonda, C. S., Bornstein, M. H., & Baumwell, L. (2001). Maternal responsiveness and children’s

achievement of language milestones. Child Development, 72(3), 748–767.
Tamis-Lemonda, C. S., Bornstein, M. H., Kahana-Kalman, R., Baumwell, L., & Cyphers, L. (1998). Predict-

ing variation in the timing of language milestones in the second year: An events history approach. Journal

of Child Language, 25(03), 675–700.
Tamis-LeMonda, C. S., Kuchirko, Y., & Tafuro, L. (2013). From action to interaction: Infant object explo-

ration and mothers’ contingent responsiveness. Autonomous Mental Development, IEEE Transactions on, 5

(3), 202–209.
Tamis-LeMonda, C. S., Song, L., Leavell, A. S., Kahana-Kalman, R., & Yoshikawa, H. (2012). Ethnic dif-

ferences in mother–infant language and gestural communications are associated with specific skills in

infants. Developmental Science, 15(3), 384–397.
Tomasello, M., Carpenter, M., & Liszkowski, U. (2007). A new look at infant pointing. Child Development,

78(3), 705–722.
Trevarthen, C. (1979). Communication and cooperation in early infancy: A description of primary intersub-

jectivity. In M. M. Bullowa (Ed.), Before speech: The beginning of interpersonal communication. Cambridge,

UK: Cambridge University Press.

Tronick, E. Z. (1989). Emotions and emotional communication in infants. American Psychologist, 44(2), 112.

Tunc�genc�, B., Cohen, E., & Fawcett, C. (2015). Rock with me: The role of movement synchrony in infants’

social and nonsocial choices. Child Development, 86(3), 976–984.
Van Egeren, L. A., Barratt, M. S., & Roach, M. A. (2001). Mother–infant responsiveness: Timing, mutual

regulation, and interactional context. Developmental psychology, 37(5), 684.

Walker, M. B. (1982). Smooth transitions in conversational turn-taking: Implications for theory. The Journal

of Psychology, 110(1), 31–37.
Wu, Z., & Gros-Louis, J. (2014). Infants’ prelinguistic communicative acts and maternal responses: Relations

to linguistic development. First Language, 34(1), 72–90.
Yu, C., & Ballard, D. H. (2007). A unified model of early word learning: Integrating statistical and social

cues. Neurocomputing, 70(13), 2149–2165.
Yu, C., & Smith, L. B. (2007). Rapid word learning under uncertainty via cross-situational statistics. Psycho-

logical Science, 18(5), 414–420.

INFANT CONTINGENCY 19

https://doi.org/10.2307/1166109

