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Unraveling the Dyad: Using Recurrence
Analysis to Explore Patterns of Syntactic
Coordination Between Children and Caregivers

in Conversation

Rick Dale and Michael J. Spivey
Cornell University

Recurrence analysis is introduced as a means to inves-
tigate syntactic coordination between child and caregiver.
Three CHILDES (MacWhinney, 2000) corpora are ana-
lyzed and demonstrate coordination between children and
their caregivers in terms of word-class n-gram sequences.
Results further indicate that trade-offs in leading or fol-
lowing this coordination reflect individual differences be-
tween children at varying levels of development. Further
analyses characterize the syntactic patterns that are coor-
dinated, and results are consistent with recent language
acquisition research on syntax acquisition. Overall, re-
currence analysis reveals that there is a process of child-
caregiver coordination taking place in ongoing conversa-
tion at the level of syntactic description.

Despite decades of research, there is no consensus on the
appropriate characterization of the environment in which chil-
dren acquire their first language. For example, there remains
the perennial perspective on the irrelevance of the exact na-
ture of the input, provided there simply is some (e.g., Chomsky;,
1965; Newport & Gleitman, 2002; Pinker, 1994). Others approach
child-directed speech as a complex but catered input stream
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modeling contingent on vocalization contributes to the complexity
of these vocalizations within an individual interaction. Tamis-
LeMonda and Bornstein (2002) also demonstrated, in extensive
analysis of mother-child interactions, that maternal responses
that consistently and closely follow a child’s utterances corre-
late strongly with later language development. These timely
caregiver interactions perhaps provide clues that, as grammar
learning proceeds, there might also be a process of syntactic
coordination.

The strong interpretation thus has important theoretical im-
plications (Clark, 1996). Recently, Garrod and Pickering (2004)
have argued that dialogue is such a fluid and seemingly simple
task for us because it is steeped in coordination mechanisms found
in many cognitive processes during social interaction. These coor-
dination interpretations about language input during acquisition,
both weak and strong versions, complement this discussion by
pursuing the extent to which coordination occurs and changes at
a syntacticlevel in child-caregiver interaction. Although the weak
assumption can be corroborated easily by observing any child and
caregiver interaction, the strong version remains a tricky issue
to quantify. In this article, we demonstrate strong coordination in
the child’s grammar learning environment. By subjecting three
corpora of child-caregiver interaction to extensive analysis, we
show that this pattern of syntactic coordination holds during de-
velopment. Our approach adapts an analytic technique, used in
a variety of disciplines, called recurrence analysis (e.g., Church,
1993; Eckmann, Kamphorst, & Ruelle, 1987; Von Heijne, 1987;
Zbilut & Webber, 1992; see Dale & Spivey, 2005, for a review,
and Webber & Zbilut, 2005, for an excellent technical introduc-
tion). The analysis reveals global structural patterns concerning
how child and caregiver language aligns during interaction. By
“global,” we mean drawing general quantitative measures, with
minimal dependence on statistical assumptions, describing the
extent to which a bout of child-caregiver interaction involves lan-
guage structures that are more or less similar to each other.
Doing so provides a quantification of syntactic coordination in
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transcripts of naturalistic dialogue. The method is based on ana-
lyzing sequences of syntactic elements, time series of grammatical
usage, allowing comparison of two such sequences, and revealing
patterns of recurrence. The ordered sequences of concern here are
time series of syntactic class usage by child and caregiver. The ap-
proach therefore provides a window on how structures used by the
child “recur” in those used by caregiver (and vice versa).

In a study similar to the present article, Sokolov (1993)
made use of a program dubbed CHIP to investigate patterns
of morphosyntactic usage between child and caregiver within a
particular utterance window (see also Sokolov & MacWhinney,
1990). Results revealed concomitant morphosyntactic usage,
which Sokolov argued supported a process of fine-tuning in child-
directed speech. Sokolov also offered a number of thoughts about
who might be leading this concomitant usage: Is it the child
or caregiver during development offering up the coordinated
structures in conversation? Sokolov speculated that it might, in-
deed, be both. Recurrence analysis might also shed light on this
question.

In this article, we add to current research on syntactic coordi-
nation by further analysis of temporal patterns in child-caregiver
interaction. Recurrence analysis is introduced below and is di-
rectly compared to some simple natural language processing
(NLP) models of document analysis. Following this, we present
an analysis of three corpora drawn from the CHILDES database
(MacWhinney, 2000). The current article therefore has two pri-
mary goals. The first is to present a method by which grammatical
coordination might be explored in real-time, naturalistic corpora.
This method can aid in pursuing a number of questions con-
cerning the structural and temporal patterns in child-caregiver
interaction. The second goal is to apply the method toward
answering two specific questions: Is there strong syntactic co-
ordination in child-caregiver interaction, and does one speaker
follow another, or neither? In what follows, we first consider some
simple measures that might address the first of these questions.
These measures are taken from well-known analyses in NLP and
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distance (ED) can be computed, where each bigram frequency
is considered a dimension along which caregiver and child have a
value for a given transcript. The distance between two distribu-
tions (or vectors) is simply the square root of the squared distances
along each dimension, given by

Br
ED(m, k) = [fu(b) S fi(b)]?

where b represents a given bigram occurring in one or the other
distribution and fyx represents the frequency of that bigram in
child or caregiver, with k representing the child’s, and m repre-
senting the caregiver’s. Bt is simply the set of all bigrams occur-
ring in one or the other distribution (or both) extracted from an
individual sample (or two, for the other-conversation comparison).
IfED is close to zero, this means that child and caregiver distribu-
tions are very similar; greater values indicate disparity in bigram
distribution. This measure reveals a difference in the expected
direction, with ED smaller with same-sample distributions, M =
62.5 vs. 67.1, t(207) = 2.5, p < .05. Although the numerical dif-
ference seems small, this indicates that over the samples, there
is a significant tendency for within-conversation bigram distri-
butions to be more similar than a comparison of the child’s and
caregiver’s from two separate conversations.

A commonly used information-theoretic measure is the
Kullback-Leibler (KL) divergence, or relative entropy. Although
this is not strictly a metric (as is ED), it has been used extensively
to compare word distributions (e.g., Dagan, Lee, & Pereira, 1999).
Each bigram frequency is converted into a probability by dividing
it by the number of bigrams in the child’s (or caregiver’s) syntactic
usage Px(b) = fx(b)/ fx(b), and

Pm(b)
KL(m, k) = Pm(b)1



400 Language Learning Vol. 56, No. 3

This measure is often used to compare two distributions; it is
zero when the distributions are exactly the same, and it exhibits
increasing values when distributions differ. This measure in fact
generates a highly reliable difference between same- and other-
conversation comparisons, M = .22vs. .25,t(207) = 4.0, p < .0001.

A third and final commonly used measure known as L1-norm
simply takes the absolute value of the differences across the dis-
tribution: L1( m, k) = Pn(b) S Pc(b) . Using this measure again
obtains a significant difference between distribution types, M =
.75 vs. .82, t(207) = 9.9, p < .0001.

Application of NLP measures shows that, at least in such
simple terms as raw coordination of syntactic bigrams, child and
caregiver are coordinated in conversation. Nevertheless, these
batch measures cannot approach the strong version of the inter-
pretation discussed in the introduction to this article: These batch
measures compare distributions independent of how the bigrams
are occurring in time. A more thorough investigation into syn-
tactic coordination therefore requires measures sensitive to the
temporal ordering of the bigrams. In the next section, we adapt a
technigue that has been used in both NLP and other contexts (e.g.,
heart rate, seismology, and postural adjustments, among others),
called recurrence analysis. This method can be similarly applied
to bigrams of syntactic usage, although inherently temporal in
nature. The method will therefore permit more detailed quanti-
tative hypotheses regarding the coordination between child and
caregiver in ongoing conversation.

Recurrence Analysis

The batch measures just reviewed see child and caregiver
syntactic usage as sequence-free bundles of bigrams with cor-
responding frequencies or probabilities. These distributions are
then subjected to vector-based or information-theoretic analyses.
Although they reveal a tendency for similar bigrams to be em-
ployed by child and caregiver, they do not yet address the prob-
lem of strong syntactic coordination. Instead of massing distri-
butions of bigram usage, consider separating the usage by child
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between matches (recurrence point OfrequencyO) and rank. The
log-log regression scores across n values are presented in
Table 2. Across all n-gram lengths, this power-law model pro-
duces highly reliable r? values. Although there is some debate
about the applicability of Zipf when other distributions might

be a better fit (e.g., Egghe, 2000; Li, 2002; Mitzenmacher, 2003),
these regression scores suggest that this is a particularly good
characterization of the pattern distributions here. The patterns
that are coordinated are thus ranked in a Oheavy tailedO dis-
tribution. This means that, similar to other properties in lan-
guage (e.g., Zipf and word frequency) and nature in which Zipf
applies (Li), there are highly frequent sequences of word classes
guiding the recurrence patterns in conversation. This frequency
drops off considerably, according to a power-law relationship, as
we consider less frequent sequences. The next analysis begins
to look at what word classes play a role in such highly frequent
sequences.

Verbs and Nouns

Although the Zipf analysis broadly characterizes transcript
pattern distribution, one might wonder which grammatical ele-
ments are contributing to the recurrent patterns. As in the pre-
sentation of batch analyses, we focus on a specific window sizeN
here, on trigrams ( n = 3). By targeting the patterns that contain
verbs and nouns, we can investigate the extent to which these

Table 2

r2 values for log-log linear regressions of rank and recurrence points
averaged across samples

n= 2 n= 3 n= 4
Corpus r2 r2 r2
Abe .96 51 .96 .70 .94 1.00
Sarah .95 .46 .95 .63 .94 .87

Naomi 91 .53 91 71 .81 .89
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speculative remarks might be relevant. First, further analysis
is required to discern whether this coordination is consistent
across other children and other languages. It is interesting to
suppose that coordinative processes, like syntactic coordination,
are an important part of language acquisition. Second, just as
Sokolov (1993) regarded concomitant morphosyntactic usage by
child and caregiver as a process of fine-tuning, these results
suggest that children and caregivers are trading off over de-
velopment in a broader coordinative way. “Fine-tuning,” in this
sense, suggests a unidirectionality, when in fact the child can
be actively involved in shaping the conversational context, par-
ticularly when this child reaches a higher level of grammati-
cal development. Whereas Sokolov did not insist that parents
are necessarily providing all of the guidance in this coordina-
tive process, the current results further attest to a rich dynamic
between children and their caregivers during syntax acquisi-
tion. In fact, this dynamic might reflect earlier coordination, as
mentioned in the introduction to this article: Goldstein and col-
leagues (Goldstein, King, & West, 2003) have noted that prever-
bal infants are sensitive to contingent responses by caregivers
and that caregivers are sensitive to responses issued by children
(Goldstein & West, 1999).

There are, of course, a number of important limitations of the
current results that should be acknowledged. First, because this is
a “global” kind of analysis (see also Hart & Risley, 1995), it has yet
to delve into specific structural recurrence, such as aux-questions
or transitive verb constructions, and how they might be organized
in time during conversation between child and caregiver (e.g.,
Fey & Loeb, 2002). Differing grammatical particles might exhibit
stricter temporal or contextual organization in child language at
earlier ages, and over development, it might grow into flexible
usage. Although this is merely speculative, the method outlined
here might be applied to such structures by targeting the specific
patterns containing them. In fact, the kind of method Sokolov
(1993) described might be integrated with recurrence analysis.
Although recurrence analysis provides a generalized means of
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exploring temporal organization of syntactic patterns, the nature
of the patterns and how they relate might adopt similar compar-
ison algorithms such as Sokolov’s.

A second related limitation is that the recurrent patterns
are simply sequential in nature and do not yet address more com-
plex “structure-dependent” features of natural human language.
Although these results might be preliminary in this direction, re-
currence analysis might be applied to more abstract descriptions
of the syntactic patterns occurring between child and caregiver.
One way in which this can be addressed is to incorporate such
structures as Treebank analyses (Marcus et al., 1994) within ut-
terances, and again subject these structures to recurrence anal-
ysis. The current results are at least a first step toward such an
analysis.

Finally, we have targeted just syntactic patterns for measur-
ing coordination. An important direction for future application of
this technique is to discover the contribution of lexical sequences
in generating this syntactic coordination. The current results sug-
gest that there is coordination in syntactic n-grams while leaving
open the possibility that lexically organized structures might con-
tribute to this coordination early on. Numerous perspectives on
language structure suggest this might be the case (see Tomasello,
2003, chap. 4, for a review). Dale and Spivey (2005) performed a
lexical version of recurrence analysis and found that syntactic co-
ordination is not a trivial form of lexical repetition. Nevertheless,
it should be acknowledged that structures organized around lex-
ical items could account for early coordination. Indeed, it would
be interesting to further apply recurrence analysis to this prob-
lem by engaging argument structure organized around particu-
lar items to find coordination at the “locus” of syntactic patterns
(Chouinard & Clark, 2003) and guided early on by “lexical islands”
(Tomasello).

Despite these limitations, the current results are quite ro-
bust across parameter values, and the leading versus follow-
ing results might offer future directions in studying the nature
of child-caregiver interaction at differing levels of grammatical
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development. The results are consistent with other discoveries
of strong coordinative patterns in human communicative behav-
ior. Whether eye movements (Richardson & Dale, 2005), postural
adjustments in conversation (Shockley et al., 2003), or syntactic
coordination between interlocutors (Branigan et al., 2000), there
are many levels at which humans OsynchronizeO while communi-
cating. Neurophysiological bases might also be in sight, such as
mirror neurons underlying the ability to perceive and generate
parallel action or goal sequences (Gallese, Keysers, & Rizzolatti,
2004), sometimes hypothesized as the evolutionary basis for hu-
man communication (e.g., Rizzolatti & Arbib, 1998). In any case,
at the level of syntactic description, our results take a first step
toward establishing the prevalence of strong coordination in lan-
guage development.

Revised version accepted 29 November 2005

Notes

IMarkers for hesitations, pauses, trailings off, among other OnonsyntacticO
elements were removed from the sequences. To focus on syntactic usage,
errors uniquely coded (with a O Omarker) were also modified to appear as
proper usage.

20nly patterns within sentences were evaluated. This was done to avoid
having bigrams with end-of-sentence markers wash out other syntactic bi-
grams. There might be interesting patterns in end-of-sentence recurrence,
however. See Dale and Spivey (2005), in which strong coupling across sen-
tences is observed in a similar analysis.
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Appendix
Recurrence Analysis and Batch Measures

Although perhaps straightforward to readers familiar with
NLP or recurrence techniques, it is of value to demonstrate the
direct relationship between recurrence structures (i.e., RPs) and
the batch measures considered in the text. Recurrence analysis
can be treated as a “peeling” of batch measures in time. Con-
sider again the set Bt of all syntactic bigram types occurring in



430 Language Learning Vol. 56, No. 3

one transcript between child and caregiver. Rather than simply
counting the occurrences of a bigram bj in caregiver speech, imag-
ine building sets t.i., and t.i.x such that each element represents
a point in time at which this bigram occurs:

ti.m(b) ={i|b= (Smi,Smi+1)}

The same can be done for the bigram b in the child’s time series.
The relevant RP of these time series can be defined as the union
of all Cartesian products of t.i., and t.i.x over B:

Br
RP = t.i.m(b) x t.i.k(b)

Any such bigram b has the frequency fy(b) in the child’s usage
and fn(b) in the caregiver’s usage. All batch measures are the
sum over some function of these frequency values (or their corre-
sponding probabilities): F[f(b), fn(b)]. Recurrence analysis is
a “peeling” in time, as f(b) = t.i.n(b) , and any such batch mea-
sure can be expressed simply as a function over the collapsed time
indices in which bigrams of Bt occur. In this case, sometimes re-
ferred to as “ordinal” or “categorical” (Bandt, 2005; Dale & Spivey,
2005), the situation is relatively simple. In a continuous time se-
ries of complex systems, the informational richness of the RP has
been given a detailed technical treatment (Casdagli, 1997).



