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From Action to Interaction: Infant Object Exploration
and Mothers’ Contingent Responsiveness

Catherine S. Tamis-LeMonda, Yana Kuchirko, and Lisa Tafuro

Abstract—We examined maternal contingent responsiveness
to infant object exploration in 190 mother–infant pairs from
diverse cultural communities. Dyads were video-recorded during
book-sharing and play when infants were 14 mo. Researchers
coded the temporal onsets and offsets of infant and mother object
exploration and mothers’ referential (e.g., “That’s a bead”) and
regulatory (e.g., “Stop it”) language. The times when infant or
mother were neither exploring objects nor communicating were
classified as “off task.” Sequential analysis was used to examine
whether certain maternal behaviors were more (or less) likely to
follow infant object exploration relative to chance, to one another,
and to times when infants were off task. Mothers were more likely
to explore objects and use referential language in response to
infant object exploration than to use regulatory language or be
off task, and maternal behaviors were reduced in the context of
infants being off task. Additionally, mothers coordinated their
object exploration with referential language specifically; thus,
mothers’ responses to infants were didactic and multimodal.
Infant object exploration elicits reciprocal object exploration and
informative verbal input from mothers, illustrating the active role
infants play in their social experiences.

Index Terms—Infant object exploration, infant word learning,
language development, maternal responsiveness.

I. INTRODUCTION

T HERE is widespread consensus that “sensitive” parenting
facilitates infant learning and development [1]. However,

as seen for many constructs in the psychological literature, there
is variation in the way researchers define and measure sensi-
tive parenting. In our work, we consider parents’ “contingent re-
sponsiveness” to be a core feature of sensitivity, particularly for
parents of infants between the ages of 9 mo and 2 years. During
this time, infants transition from producing their first words to
growing their lexicons; moreover, with gains in motor devel-
opment, infants become increasingly active in exploring their
environments and sharing objects with others [2]. As such, sen-
sitive caregivers might be those who shift from lead-in labeling
of objects and events, which has been shown to support learning
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in early infancy, to follow-in labeling, which supports language
development in the second year [3].
In past research, we have demonstrated the value of micro-ge-

netic approaches in the study of responsiveness and infants’
language development during this developmental period [4], [5]
[6], [7] . Here, we advance on this work by examining mothers’
contingent responsiveness to infant object exploration. We
ask whether infant object exploration functions to elicit re-
ciprocal object engagements and informative verbal input
from mothers. This illustrative test of infant–mother–object
“triadic” interactions [8] advances a process account of how
moment-to-moment interactions between infants and mothers
might yield serendipitous benefits for infants’ language expe-
riences and development.

II. APPROACHES TO THE ASSESSMENT OF SOCIAL INTERACTION

The most common approach to the assessment of respon-
siveness is to code maternal (and sometimes paternal) behav-
iors such as “warmth,” “supportiveness,” “acceptance,” and so
forth, using global ratings (e.g., seen to
seen). This approach is rooted in the attachment research of
Ainsworth and colleagues [9]. They found that mothers of se-
curely attached infants were more responsive, affectionate, ac-
cessible, accepting, and cooperative than mothers of insecurely
attached infants. Subsequent researchers have likewise demon-
strated predictive associations between global measures of par-
ents’ responsiveness and children’s language and cognitive de-
velopment, emotional regulation, and social competence [10],
[11] [12], [13] [14], [15] [16], [17] . Moreover, researchers uti-
lizing global measures of parenting have contrasted parental re-
sponsiveness with parental intrusive and harsh behaviors, which
are associated with negative affect, behavioral problems, and
low cognitive performance in children [18], [19].
Despite the widespread use and apparent merits of global

ratings—including demonstrated reliability, validity, and effi-
ciency in research time and cost—they offer limited information
on the real-time unfolding of infant–mother behavioral interac-
tions. Even the most clearly articulated “operational definition”
of responsiveness falls short of illuminating the precise behav-
iors that distinguish scores of “7’s” (for example) from “5’s”.
This is particularly problematic when attempting to draw in-
ferences about explanatory processes from such data. That is,
not all “7’s” are alike in that individual mothers might display
the same absolute levels of responding, yet respond to different
target behavior in infants (looks versus vocalizations) with dif-
ferent types of responses (affirmations versus descriptions) [4].
In contrast, micro-genetic approaches are based on the

frame-by-frame coding of the onsets and offsets of a set of
behaviors in infants (e.g., vocalizations, gestures, gazes to
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objects) and in mothers (e.g., language use, object explo-
ration) using software programs that generate the frequencies
(and/or durations) of behaviors. From these data, behavior
sequences—that is, the temporal unfolding of specific maternal
behaviors vis-à-vis specific infant behaviors (or vice versa) –
can be generated [20], [21] [22], [23] [24], [25].

III. SEQUENTIAL ANALYSIS AND SOCIAL INTERACTIONS

A rigorous test of whether and how infants’ object explo-
ration might function to elicit specific forms of responding in
mothers calls for microgenetic sequential analyses, which use
time-stamped video-recorded data to generate conditional prob-
abilities of specific sequences that can be statistically compared
to chance and to one another [34]. These conditional probabili-
ties present a reasonable test of the dependent relation between
infant and mother behaviors as they control for base-rate be-
haviors of the “given” or preceding behavior (e.g., infant ex-
ploration). Moreover, subsequent analyses based on conditional
probabilities (z statistics) also take into consideration the fre-
quency of occurrence of all mother behaviors that follow infant
behaviors. To illustrate, suppose a mother responds to her in-
fant’s look or touching of a new object with a “referential” ut-
terance 80% of the time. Also, suppose that this same mother
produced referential utterances just as frequently when her in-
fant was not engaged in object exploration. If so, this mother’s
referential language is likely not the result of infant’s engage-
ment in object exploration any more than is it the result of the
infant’s off task behavior. In contrast, if this mother responded
to her infant’s object exploration with a “referential” utterance
significantly more often than when her infant was off task one
could conclude with greater confidence that infants are actually
driving their own language experiences. Here, we use sequential
analytic techniques to ask whether infants are indeed the inad-
vertent beneficiaries of interaction cycles that they themselves
set into motion.

IV. CURRENT STUDY

We investigated mothers’ contingent responsiveness to their
14-mo olds’ object exploration (looking and touching objects),
and asked: 1) Does infant object exploration elicit shared object
exploration and rich verbal input (i.e., referential language)
from their mothers?, and if so; and 2) Are mothers likely to
couple referential language with object-directed actions when
responding to their infants’ object exploration? To address
these questions, we examined the real-time sequencing of
infant-to-mother behaviors, and compared these behavioral
sequences to chance and to one another. We focused on two
types of maternal contingent response: object exploration
and language use. In terms of mothers’ object exploration,
we examined how likely mothers were to respond to infant
exploration of objects by responding in kind with gazes and
touches of objects. In terms of mothers’ language responses, we
asked whether bouts of infant exploration were likely to result
in an increased likelihood of mothers using “referential” lan-
guage relative to “regulatory” language. Referential language
“teaches infants about the world”; this form of language contain
a predominance of nouns, adjectives, verbs, and adverbs found
to promote infants’ growing vocabularies (e.g., “yellow duck”;

“he’s running quickly”) [32]. In contrast, “regulatory” language
functions to direct infants’ actions through commands and
prohibitions. These language forms contain more closed-class
words, such as pronouns (e.g., “do that”), and do not provide
the same diversity of language seen in referential language.
We examined infants at 14 mo of age because at the start of

the second year infants begin to produce their first words and in-
creasingly attend to and play with objects in their environments
[30], [35] . Moreover, parental contingent responsiveness to in-
fants at this time in development yields long-term benefits for
children’s vocabulary growth [6], [27].
We conceptualize maternal responsiveness to be embedded

in a cycle of reciprocity, with mothers’ behaviors being driven,
at least in part, by infant action. Accordingly, we hypothesized
that infant object exploration would increase the likelihoods of
mothers engaging in shared interactions around objects and pro-
viding their infants with rich, informative language (i.e., refer-
ential language). We tested these contingencies in dyads from
diverse cultural communities (Dominican, African American,
andMexican mothers) in order to offer an ecologically valid, ro-
bust test of early social interactions. We expected the real-time
interactive processes to be evident across the three ethnicities,
even though mothers from different cultural communities might
differ in their absolute levels of responding to infants, the activ-
ities to which they respond, the ways they respond [36], and
in the composition of their language (e.g., emphasis on nouns
versus verbs) [37]–[39]. This focus on infant–mother “social in-
teraction loops” offers a window onto the ways in which infants’
object initiations set in motion opportunities for infants to learn
about their worlds.

V. METHODS

A. Participants

Three hundred and twenty-four (324) mothers (self identi-
fied as Dominican, Mexican, or African American) were re-
cruited at public hospitals after giving birth to their full-term,
healthy infants (163 boys and 161 girls). Dominican mothers
were 79% first-generation and 20% second-generation. Mex-
ican mothers were 96% first-generation. All African American
mothers were born in the United States, and their mothers had
been born in the United States as well. Of the initial sample, 190
mother–infant dyads (58%) are included here (61AfricanAmer-
ican, 66 Dominican, 63 Mexican; 90 boys and 100 girls) based
onmother–infant pairs who participated in the 14mo home visit.
The 134 (42%) families who dropped from the study were those
who were unable to be located, moved beyond a 100-mile catch-
ment area, did not have interaction data, declined further par-
ticipation, or had children later diagnosed with disability. At-
trition analyses indicated no differences between mothers with
and without data. Mothers ranged from 18 to 46 years old (

years, ). African American and Dominican
mothers averaged about 11.86 and 12.26 years of education, re-
spectively. Mexican mothers had about 7.97 years of education,
which was lower than the other two groups, .

B. Procedure

Mothers and infants were visited in their homes and
video-recorded sharing two books (wordless number book
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and wordless emotion book) and large beads and a string.
The wordless number book included pictures of everyday
objects of varying numbers (e.g., five cookies), sometimes with
numerals. The emotion book featured photographs of infants
expressing various emotions (e.g., crying, smiling). The beads
were colorful wooden shapes such as spheres and squares,
which included strings for threading. Mothers were told: “We
would like to videotape you and (CHILD) playing with some
of the toys we brought. Please share this book (these beads and
string) with your child as you normally would”. For analyses,
interactions were analyzed across the three segments (emotion
book, number book, beads and string), which totaled 7 minutes.

C. Coding

Mother–infant interactions were coded using INTERACT
Software [40]. 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 video-records, bilingual coders noted the
onset and offsets of each episode of: 1) infant exploration (i.e.,
infant looks at and/or touches the book or beads and string);
2) maternal object exploration (i.e., mother looks at and/or
touches the book or beads and string); 3) maternal referential
language (i.e., 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”). Additionally, infant “off task” behaviors were represented
as the time when infants were neither exploring objects nor
communicating (i.e., through gestures, vocalizations, and looks
to mothers’ face) with their mothers. Similarly, mother “off
task” behavior was the time mothers were neither exploring
objects nor communicating with their infants. Kappa interob-
server reliabilities ranged from 0.84 to 1.0.
Infant–Mother Sequences
The time stamped raw coded data were exported from IN-

TERACT to generalized sequential querier (GSEQ), where be-
havioral sequences were generated using the sequential data in-
terchange standard program [34]. Mothers’ object exploration,
referential language, and regulatory language were identified as
“contingent” upon infant behavior if the start of the maternal
behavior followed within 3 s of the start of the infant given
behavior. The eight resulting infant-to-mother sequences were:
infant object exploration mother object exploration; infant
object exploration mother referential language; infant ob-
ject exploration mother regulatory language; infant object
exploration mother off task; infant off task mother object
exploration; infant off task mother referential language; in-
fant off task mother regulatory language; infant off task
mother off task.
For each of these sequences, conditional probabilities, uncon-

ditional probabilities, and associated z scores were also gener-
ated by GSEQ. First, conditional probabilities were calculated
by dividing the intersection of each mother–infant sequence by
the simple probability of infant explore object. Next, conditional
probabilities were assessed by converting the ratio for each in-
fant–mother sequence into a z score. The z statistic is a test of in-

dependence that reflects the degree to which the observed prob-
ability of each sequence differs from its expected probability.
That is, the z statistic reflects the degree to which mothers’ be-
haviors occurred (or not) as a condition of infants’ behavior,
taking into consideration the base rate of the behaviors in the se-
quence. In doing so, the z score “controls” for the total number
of occurrences for each behavior and allows for the probability
values to be reasonably assessed. Overall, a large z score indi-
cates a greater than expected occurrence (relative to chance) of
that sequence.

D. Analysis Plan

We conducted descriptive analyses of frequencies and dura-
tions of infant object exploration, infant off task, maternal object
exploration, maternal referential language, maternal regulatory
language, and maternal off task. Infant–mother sequences were
then examined in three ways. First, to compare the occurrence of
sequences with chance, the probabilities of each mother–infant
sequence (i.e., individual z scores) were treated as dependent
variables in a one-sample t-test. The z scores obtained for the
190 dyads were compared to a mean “test” value that was set
to be 0. As such, if mothers’, on average, did not significantly
increase their vocalizations in response to infant object explo-
ration (relative to mothers’ vocalizing overall and infant explo-
ration overall) the mean z-score for mothers would hover around
“0” and therefore not differ from the specified “test” value of
“0.” Analyses were conducted for the entire sample followed
by analyses on each of the three ethnicities.
Second, the z scores of the 8 mother–infant sequences

were compared to one another in a 4 (maternal behavior)
(infant preceding behavior) (ethnicity) MANOVA.

Maternal behavior (object exploration, referential language,
regulatory language, off task) and infant preceding behavior
(object exploration, off task) were within subjects variables
and ethnicity was a between subjects variable, with z values for
the specific sequences serving as dependent variables. These
analyses tested whether mothers were more likely to respond
in specific ways to infant object exploration. For example, the
likelihood of maternal referential language following infant
object exploration was compared to the likelihood of regulatory
language following infant object exploration using the z scores
of the respective sequences.
Finally, we examined mothers’ temporal coordination of ob-

ject exploration with the two language forms. Coordination was
defined as times when maternal object exploration overlapped
with referential or regulatory language. Sequential analyses then
tested whether mothers were more likely to couple referential
versus regulatory language object exploration in response to in-
fant object exploration.

VI. RESULTS

Descriptives for maternal and infant behaviors are presented
in Table I. Mothers and infants spent most of the session at-
tending to the available objects ( ,
and , , respectively, out of
a possible total time of 420 seconds). This overall object ex-
ploration time was characterized by several episodes of atten-
tion as reflected in the frequencies of exploratory bouts (
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TABLE I
DESCRIPTIVES ON MOTHER AND INFANT BEHAVIORS A DURATIONS OF BEHAVIORS REPORTED IN SECONDS

TABLE II
CONDITIONAL PROBABILITIES OF INFANT–MOTHER SEQUENCES (Z SCORES) COMPARED TO CHANCE OCCURRENCE)

, and , , respec-
tively). Mothers averaged 43.96 referential utterances

and regulatory utterances. Mothers’
and infants’ object exploration were correlated ( ,

overall; , ; ,
; , ), indi-

cating that as infants spent more time attending to objects their
mothers did as well.

A. Infant–Mother Sequences

Table II presents findings on the eight infant–mother se-
quences compared to chance. When infants explored objects,
mothers were more likely (than chance occurrence) to explore
the object, , , and to provide referential
language , . Regulatory language was
only slightly more likely to occur after infant object exploration
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Fig. 1. Z scores for sequences of maternal behaviors following infant object
exploration.

Fig. 2. Z scores for sequences of maternal behaviors following infant off task.

when compared to chance, , . Con-
versely, mothers were less likely to be off-task following infant
object exploration compared to chance ,

.
When infants were off task, mothers were more likely to also

be off task , , and less likely to explore
objects, , , or to provide referential
language , . Regulatory language
was not significantly different from chance ,

.

B. Comparison of Infant–Mother Sequences

A 4 (maternal behavior) (infant preceding behavior)
(ethnicity) repeated measures MANOVA was conducted

to compare the 8 infant–mother sequences with one another.
Analyses indicated a significant mother behavior preceding
infant behavior interaction , . This
interaction indicated that, as hypothesized, the likelihoods of
mother exploration of objects and using referential language
increased following infant object exploration, and that mothers
reduced these behaviors in the presence of infants being off
task. Moreover, analyses did not reveal an ethnicity main effect
or any ethnicity interactions thereby indicating that the speci-
ficity of maternal response types to infant object exploration did
not differ across Dominican, Mexican and African American
dyads (See Figs. 1 and 2).
Post-hoc t-tests that examined the mother behavior pre-

ceding infant behavior interaction indicated two key findings
that aligned with the comparisons to chance described above.

Fig. 3. Maternal coordination of referential and regulatory language with ex-
ploration following infant object exploration.

First, mothers’ most prevalent response to infant object explo-
ration was to engage in shared object exploration. Specifically,
when infants explored objects, mothers were more likely to ex-
plore the objects than to be off-task, , .
Mothers were alsomore likely to explore objects than to respond
with either referential language, , or regulatory
language, , . Moreover, mothers de-
creased in their exploration of objects in the presence of infants
being off task, , .
Second, the language mothers used in response to infant ob-

ject exploration tended to be the information-laden referential
form. Specifically, mothers were more likely to respond to in-
fant object exploration with referential language as opposed
to regulatory language, , . Addition-
ally, maternal referential language was more likely to follow in-
fant object exploration than to follow infant off-task behavior,

, .
Together, findings on mothers’ object exploration and refer-

ential language reveal that mothers across cultural communities
join in to teach when infants are engaged with objects but in-
hibit these same behaviors when infants were inattentive. This
pattern is also supported by the finding that mothers were more
likely to be off task than to explore objects or respond with refer-
ential language following infant off task behavior .
As such, infants and mothers are synchronized in the ebb and
flow of their social interactions around objects.

C. Maternal Behavior Coordination

The above analyses indicated that mothers’ object explo-
ration and referential language increase in likelihood following
infant object exploration but decrease when infants are off
task. In the final analyses we asked whether mothers coordi-
nated exploration and referential and/or regulatory language
in real time in response to infant object exploration. As ex-
pected, mothers coordinated referential language with object
exploration following infant object exploration .
The likelihood of this coordination was greater than chance,

, and greater than the likelihood of
mothers coupling object exploration with regulatory language

, (Fig. 3). In contrast,
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mothers were not likely to respond to infant object exploration
with referential language only ( , i.e., without ac-
companying object exploration) or regulatory language only

. Thus, when mothers verbally respond to their
infants’ object exploration, their responses are multimodal,
rather than uni-modal.

VII. DISCUSSION

We advanced a process account of how mothers’ contingent
responsiveness might contribute to infant learning and devel-
opment by showing that infants’ everyday actions with objects
function to elicit shared attention and didactic language from
their mothers. Our findings suggest that, whether intentional or
not, infant object exploration is a dyadic process that drives
adult behavior in meaningful ways: Mothers are more likely
to engage with objects and to provide their infants with in-
formative language about those objects following infant object
exploration than following infant off task behavior. Moreover,
mothers are more likely to coordinate referential than regulatory
language with their own object exploration, providing their in-
fants with multimodal input that facilitates word learning. These
real-time interaction processes might explain prior documented
associations between parent responsiveness and children’s early
language development [6].

A. Infant Object Exploration and Maternal Contingent
Responsiveness

Infant object exploration is a catalyst for learning. Infants nat-
urally select objects for play from a “visually cluttered environ-
ment”, and their visual field is dominated by the objects they
manipulate [25]. Mothers respond to their infants’ exploration
by engaging in reciprocal object actions and offering didactic
information precisely at moments when objects are salient to
infants. As such, infant object exploration signals infants’ inter-
ests and elicits caregiver response. These reciprocal interactions
might be particularly important in the second year, when infants
are beginning to grow their lexicons.
Three characteristics of mothers’ contingent responsiveness

to infant object exploration are noteworthy. First, mothers are
highly likely to explore objects following infant object explo-
ration. Mothers’ tight mirroring of their infants’ object engage-
ments parallels the imitative biases that have been documented
in computer simulations of caregiver-infant vocal interactions;
these biases function to guide infant learning, maintain care-
giver-interactions, and establish bouts of shared attention [41].
Studies of human-robot interactions also document the powerful
influence of contingency on attention and learning; adults are
more likely to orient to a robot that is contingently responsive
than to one that is not, perhaps because contingency signals a
partner’s involvement in the interaction [42].
Second, mothers increase their referential (but not regulatory)

language in response to infant object exploration, paving the
way for infant learning. Mothers of , , and 24-mo-olds
also displayed didactic language under conditions of joint atten-
tion [43]. Contingent, didactic language to 9- and 13-mo-olds
predicts infants’ vocabulary size and the timing of language
milestones [6]. And, infants are better able to learn from a robot
caregiver if its labeling is contingent with its actions [44].

Third, mothers’ contingent responses are multimodal. That
is, mothers coupled their referential language with their object-
directed exploration. The tight, temporal coordination between
maternal language and action has been demonstrated in mothers
of 3-mo-olds [45]. Similarly, mothers of preverbal 6- to 8-mo-
olds synchronize object motion with object naming [46], and
mothers refer to the toys they simultaneous manipulate during
play with their toddlers [43].
The multimodal coordination that characterizes in-

fant–mother interactions is likely to facilitate infant learning
of new words, and thereby might explain how moment-to-mo-
ment interactions play out over developmental time. By acting
on objects while talking about them, mothers offer infants
multiple streams of information that are time-locked with one
another and with infants’ attention. The coalescing of physical,
auditory, and temporal properties of input establishes regularity
in interactions that facilitates infant learning by reducing the
search space and reducing ambiguity [47]. Indeed, infants
recognize and exploit the redundancy of multimodal messages
in the service of mapping words to their referents [3], [48] .
Mothers’ use of temporal synchrony predicts the word- and/or
syllable-mapping of 6- to 8-mo-olds [3] and to mo-olds
[49]. Infants ages to 14 mo of age were more likely to look
at and learn the names of referents when caregivers synchro-
nized dynamic (rather than static) gestures with speech [50].
Similarly, computer simulations of word learning indicated a
2.3-fold increase in word learning under conditions of multi-
modal input (speech with gaze) compared to uni-modal input
(speech only) [51].
The observed synchrony in mothers’ referential language

and object exploration might be especially important when
infants are at early stages of lexical development. In one study,
mothers of to 30-mo-olds (advanced lexical infants)
were least likely to use bimodal communications (moving an
object while labeling it) when compared to mothers of to
8-mo-olds (pre-lexical infants) and to 17-mo-olds (early
lexical infants) [33]. Mothers’ synchrony of object manipu-
lation and language during play is less critical to reducing
ambiguity for 2-year olds than and 14-mo-olds [43], and,
younger infants are more reliant than older infants on temporal
synchrony to learn words [49], although redundant cues (e.g.,
gestures and words) have been shown to facilitate the learning
of novel words by to 31-mo-olds [52].

B. Responsiveness in Diverse Cultural Communities

Notably, we investigated these multimodal, “social-feed-
back loops” in mothers and infants from Mexican American,
Dominican American, African American backgrounds, most
of whom were from low-income households. Thus, these
results cannot be construed as reflecting interaction patterns
that are narrowly “European American-U.S.-middle-income”
ways of acting. Rather, we would argue that these interaction
loops—from infant action to mother action and referential
language—are cornerstones of bottom-up learning processes
that characterize early social interactions more broadly. That
is, infants’ actions on objects, in the context of social inter-
actions with parents, create optimal moments for learning
[25]. Others have also documented the cross-cultural relevance
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of caregivers’ multimodal, responsive interactions for early
development [48].

C. The Value of a Microgenetic Approach

On a final note, this research highlights the value of micro-ge-
netic sequential analytic techniques in the study of parent-in-
fant interactions. These statistical tools move beyond traditional
correlation-based analyses that test linear and nonlinear rela-
tions among the “absolute” values or ratings of parent and in-
fant measures. Rather, examination of conditional probabilities
in infant–mother interactions moves us a step closer to speci-
fying the causal mechanisms that underlie both infant effects
and lagged associations from parental responsiveness to later
child learning. Based on the sequential, probability-based sta-
tistics used here, we can say with greater confidence that in-
fant object exploration may be an effective catalyst for learning.
Moreover, this statistical analysis highlights the importance of
behavioral sequences, beyond the sheer frequency of isolated
behaviors. That is, when comparing conditional probabilities to
the frequencies of occurrence, we found that despite the high
prevalence of mothers use of referential and regulatory lan-
guage, mothers are significantly more likely to use referential
than regulatory language in response to infants’ object explo-
ration.
Micro-genetic approaches also have implications for disci-

plines such as computational modeling and robotics. Compu-
tational models of language learning should be based on accu-
rate assumptions about the nature of real-world inputs to infants
[48], [53] , such as whether parents are more likely to engage in
lead-in vs. follow-in language, and at what ages; whether social
inputs are more likely to be multi- or uni-modal; and whether
parents are likely to offer infants didactic language versus di-
rective language in response to infants’ object exploration. The
field of epigenetic robotics has likewise benefitted from a set of
core developmental principles that has resulted from in-depth
analyses of reciprocal patterns of sensory-motor coordination
during shared parent-infant interactions [54].
In closing, this work reveals the serendipitous benefits of

infant object exploration for infant language experiences and
shared attention. Even when infants engage in behaviors that
may not be deliberately communicative, the social responses
they receive can yield powerful benefits by, for example, elic-
iting maternal object-directed actions and concomitant verbal
information about the intended referent. Moreover, this work
illustrates how micro-genetic approaches are ideally suited to
studying bidirectional processes in social interaction.
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