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Coordinated interpersanal fiming exists when the temporal pottern of each partnerin o
dinlogue is predictable from that of the ather. Using a completely aufomated micro-
analylic techrigue lo fime the sequence of vocal sounds and silences in an interaction,
we studied 28 four-month-old infants in foce-to-face play with mather and o female
stranger. Filteen infants were recorded on one site and 13 at another. Tima-series
ragression was used o evaluate the direction and magnitude of inferpersonal predic-
tion. Results indicated that |a) significant coordination [or its obsence| occurred af both
sites for P0% of the compaornisons, and (b the log that best predicted the partner was
20 to 30 s af both sites. Unlike the lobor-intansive microanakytic coding techniques that
hove dominated mother—infant interaction research, this work has the following od-
vantages: (o) the automated instrumentation fimes behavior with o precision un-
obtainable by the wnaided human observer; (bl the sound-silence variables are
unambiguously defined for computer processing; and (] the microanabytic methed is
applicable to large-sample studies. This automated method hos shown its clinical ubiliy
in its power to pradict 1-year developmental outcomes from 4-month coordinated
interpersenal fiming,
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This study assesses the cross-site replicability of coordinated interpersonal
timing in the interactions of infants with their mothers and with strangers.
Timing and rhythm are basic organizing principles of all communication, and
coordinating temporal patterns provides one crucial way in which social
relatedness is organized. Social partners track and influence each other's
rhythms. The capacity to perceive time and to estimate durations of intervals,
with which infants are born (e.g., Bahrick, 1981; Brackbill, 1971; DeCasper
& Carstens, 1980; DeManey, McKenzie, & Vurpillot, 1977; Peery, 1980;
Spelke & Cortelyou, 1981; Stern, 1977, 1985), provides a superb vehicle for
studying their developing relationship to their mothers and other individuals.
When we examine temporal information, we are actually examining the
entire “package” of social behavior. Embedded in temporal information is a
rich visual, auditory, kinesthetic, multimodal display. It is important to note
that the timing of maternal vocal behavior is very similar to that of concurrent
facial and head movements (Stern, Jaffe, Beebe, & Bennett, 1975). .

Coordinated interpersonal timing concerns the relationship between the
temporal patterns of two interacting partners and exists when the temporal
pattern of each partner in a dialogue is predictable from that of the other.
Thus, for example, as the vocalizations of one partner increase or decrease in
duration over the course of the interaction, those of the other partner may
increase or decrease systematically.

In our study of coordinated interpersonal timing, we apply a body of the-
ory and method developed from the examination of the temporal patterns of
adult dialogue (Jaffe & Feldstein, 1970), termed the “adult dialogue model”
(Figure 1). Coordinated interpersonal timing is part of the study of interac-
tion chronometry, which has a 50-year history in communication research
(e.g., Chapple, 1939; Jaffe & Feldstein, 1970; Matarazzo & Wiens, 1972;
Norwine & Murphy, 1938). Systematic efforts to investigate coordinated
interpersonal timing and other types of interpersonal coordination have been
the subject of several reviews (e.g., Cappella & Greene, 1982; Feldstein &
Welkowitz, 1987; Giles, Mulac, Bradac, & Johnson, 1987), Chronometric
investigations of two-person interactions have been concerned primarily with
adults (e.g., Chappel, 1939; Jaffe & Feldstein, 1970; Matarazzo & Wiens,
1972; Norwine & Murphy, 1938).

Recently, a number of investigators have begun to study the coordinated
interpersonal timing of mother—infant interactions (e.g., Beebe, Alson, Jaffe,
Feldstein, & Crown, 1988; Beebe, Jaffe, Feldstein, Mays, & Alson, 1985;
Jaffe et al., 1991; Jasnow et al., 1988; Jasnow & Feldstein, 1986). Cappella
and Planalp (1981) designed equipment to generate the chronometric param-
eters defined by Jaffe and Feldstein (1970) and replicated the essential adult
findings originally reported with this method. It remains to demonstrate the
replicability of coordinated interpersonal timing in interactions between
adults and infants.
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Our premise is that a well-conceived model of adult dialogue is a natural
starting point to use in evaluating the developmental precursors of adult
conversation. One advantage of this model is that it evaluates time patterns of
sound and silence irrespective of linguistic content and is equally applicable to
linguistic and prelinguistic interactions. Thus, the Jaffe and Feldstein (1970)
model of adult dialogue provides a well-established method of examining
prelinguistic communication. For example, it has been applied to the study of
mother-infant interaction in neonates (Bakeman & Brown, 1977) and to
4-month gaze (Jaffe, Stern, & Peery, 1973; Stern, 1971), vocal (Beebe et al.,
1988; Stern et al., 1975), and kinesic (Beebe, Stern, & Jaffe, 1979) interac-
tions,

We attempt to demonstrate that comparable patterns of coordinated inter-
personal timing can be obtained from two separate laboratories despite
differences in geographic location, populations, and professional and sup-
porting staffs. Such a replication is important because, although there are
other useful systems for the coding of mother-infant exchanges, the parame-
ters of the adult conversation model yield reliable, precisely measured, objec-
tive, rather than subjective, estimates of interaction that have been shown to
be related to meaningful psychological variables in adult-adult and adult—
infant interactions (e.g., Crown & Feldstein, 1985; Feldstein & Weingartner,
1981; Feldstein & Welkowitz, 1987; Siegman, Feldstein, Tommaso, Ringel,
& Lating, 1987). The method has especially shown its usefulness in its power
to predict attachment, cognition, and temperament at 1 year from coordi-
nated interpersonal timing at 4 months (Beebe & Jaffe, 1992; Jaffe et al.,
1991).

METHOD

Sites

The data here were drawn from two different studies conducted at two differ-
ent geographical sites by different personnel. One site was the New York
State Psychiatric Institute (NYSPI), located in New York City; the other was
the University of Maryland Baltimore County (UMBC), located in Bal-
timore, Maryland. Although both laboratories used the same procedure, they
were supervised by different investigators, and the individuals who interacted
directly with the parents and infants were different in terms of their profes-
sional training and experience.

Participants

Mothers and Infants. Twenty-cight normal, 4-month-old infants from
middle-class families (15 from the NYSPI and 13 from the UMBC sites)
participated in the study. Each infant interacted with both his or her mother
and a stranger. Eight of the NYSPI infants were males, 7 were females, and
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all were firstborn; of the 13 UMBC infants, 6 were firstborn, 7 were second-
born, and all were males.

Recruitment. The NYSPI participants were recruited within 24 hours of
birth from Babies Hospital of the Columbia-Presbyterian Medical Center on
the basis of stringent criteria’ for the determination of a normal pregnancy
and birth, with medical records available. In addition, all mothers filled out
the Yale Neuro-Psycho-Educational Assessment Scales (Shaywitz, 1932).

The UMBC mothers and infants were recruited through local child parent-
ing magazines and screened by means of the Yale Neuro-Psycho-Educational
Assessment Scales (Shaywitz, 1982), This assessment procedure solicits the
details of any medical complications of pregnancy and delivery and takes a
history of the child’s initial sleep, wake, and feeding adjustment, including
general issues of state regulation and irritability. In addition, a history of
emotional and physical illness in the immediate and extended family is taken.
Only those mothers whose pregnancies and deliveries were without reported
medical complications and whose infants were normal were asked to partici-
pate in the study. The medical records of the mothers and infants were not
accessible.

Strangers. The infants interacted with a “*stranger™ unknown to mother or
infant, At the NYSPI site, the strangers were female graduate students
recruited from local universities; at the UMBC site, they were female under-
graduates. Strangers were screened for suitability prior to their acceptance,
were provided with training sessions by the supervising investigator, and were
paid a fee for their participation. The training sessions elaborated upon the
proper methods of handling infants and involved their observation of a series
‘of criterion interactions between mothers and infants and a practice play
session with an infant,

Procedure
Similar procedures were used at both laboratories. The mothers brought the
infants to the laboratory when they were 4 months postpartum, taking into

I"The NYSPI inclusion criteria were: (a) mothers had to be at least 18 years old; (b) both
muother and infant were in a stable nuclear family situation; (¢) mother’s primary language was
English; (d} mother had a telephone in her home; (2) mother exhibited no gross psychopathology
during initial contact; (f) mother did not have a positive prenatal urine drug screen; (g) mothers
did not have preeclampsia or significant medical complications; (h) Caesarean section was
acceptable if there were no evidence of fetal distress: (i) the infant was a singleton birth; (j) 1-min
Apgar below 7 was acceptable only if 5-min Apgar was equal to or greater than T; (k) birthweight
was not less than 2,500 gms.; (1) the infant was not more than 3 weeks preterm or 2 weeks
postterm; (m) infants did not have a positive urine toxicology screen; (n) infants with abnormal
blood pases were acceptable if they met all the other inclusion criteria; (o) approval for suitability
was given by the attending obstetrician; and (p) infant was discharged from hospital al same time
as mother,
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account the infants’ eating and sleeping schedules. Seated in an infant seat,
each infant was video- and audiotaped during two face-to-face play interac-
tions, one with mother and one with stranger. Only the audiotapes were
analyzed in this study. The order in which the infant played with mother or
stranger was randomized. Each record represents approximately 12 min of
interaction each with mother and stranger while the infant was in an alert
inactive state (Wolff, 1966). If an infant became fussy to the point of erying,
and if the crying persisted for longer than 10 s, the interaction was inter-
rupted. The period of erying was deleted from the tape. Taping was resumed
only after the infant again entered an alert inactive state. At the NYSPI site,
recordings took place in a specially constructed room that was soundproofed
and partially sound-deadened. The vocal behavior of an adult and infant was
recorded by means of two air microphones, each fitted with a sensitive
diaphragm so that it could be placed directly against the skin of one of the
participants to function as a contact microphone. At the UMBC site, the
vocal behavior of the pair was recorded by means of separate lavelier micro-
phones (Sony ECM250) in a comfortably furnished, partially soundproofed
and sound-deadened room. Apart from interrupting the recording when
crying occurred, the records were not further edited.

Automated Coding of the Vocal Interactions

The vocal behavior of an adult-infant interaction was coded by direct input of
the two audio signals, one each for the infant and adult, into a specialized
computer system, the Automated Vocal Transaction Analyzer (AVTA; Jaffe
& Feldstein, 1970). AVTA first performs an analog-to-digital conversion. The
two channels of incoming audio signals are sampled synchronously every 250
ms to determine whether the signal in each channel is on (coded as 1) or off
{coded as 0), without regard to the frequency or intonational characteristics
of the sounds. These observed time series are transformed and stored digitally
in the computer in the form of a sequence of four numbers that index the four
observable dyadic states: one signal is on, and the other is off (1), or vice versa
(2), both are on (3), or both are off (0). The AVTA software converts these
decimal numbers into a set of parameters (defined next) and averages their
durations for a fixed time unit.

The Turn Rule. The turn rule is the basis for parsing the dialogue into vocal
parameters for the two participants. A furn begins at the instant that either
participant vocalizes alone, and it is held by that participant until the other
vocalizes alone, at which point the other participant takes the turn. Although
the turn rule is the cornerstone of the definition of the vocal parameters, this
is not a study of “turn taking” in the conventional sense that partners’ speech
alternates. Rather, the analysis examines the coordination of the durations of
all sounds and silences of both partners, even those that are simultaneous.
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FParameters. Five vocal parameters (Feldstein & Welkowitz, 1987; Jaffe &
Feldstein, 1970) are computed by the AVTA system. They are vocalizations,
pauses, switching pauses, and interruptive and noninterruptive simultaneous
speech (Figure 1). All the behavioral configurations (parameters) described
for adult conversation occur in mother—infant vocal interactions. A vocaliza-
tion (V) is a continuous utterance containing no silence greater than 250 ms
(silences less than 250 ms are attributable to stop consonants in speech and
are bridged by our A/D converter). Joint silence is classified in terms of its
outcome. A pause (P) is a joint silence greater than 250 ms bounded by the
vocalizations of the speaker who has the turn. A switching pause (SP) is a
joint silence greater than 250 ms initiated by the speaker who has the turn,
but terminated by a unilateral vocalization of the other speaker, who thereby
gains the turn. In a relatively unconstrained adult dialogue, it is assigned, for
theoretical and empirical reasons, to the speaker whose turn it terminates.

Simultaneous speech is also classified in terms of its outcome, that is,
whether or not it results in an exchange of turns. Noninterruptive simul-
taneous speech (NSS) is that which begins and ends while the person who
holds the turn vocalizes continuously. Interruptive simultaneous speech (I1SS)
is part of a speech segment that begins while the person who holds the turn is
vocalizing but continues when he stops. Only that part of the segment uttered
coactively is considered interruptive simultaneous speech. The trailing por-
tion, inasmuch as it is then a unilateral utterance, marks the beginning of the
turn for the person who initiated the interruption and is, therefore, consid-
ered his vocalization (Figure 1).

The turn itself is at a different conceptual level than the parameters of the
analysis. Whereas the latter are uniquely defined, the turn can be a composite
of all of them, including an unspecified number of repetitions of vocalization,
pause, and noninterruptive simultaneous speech as illustrated in Figure 1.

Data-Analytic Procedures

The data-analytic strategies utilized to address the questions of the study
were: (a) time-series regression analysis (Gottman, 1981; Ostrom, 1978) to
assess the occurrence and magnitude of coordinated interpersonal timing for
each of the mother-infant and stranger—infant pairs; and (b) meta-analyses to
determine whether the magnitudes of observed coordinated interpersonal
timing were, on the average, greater than chance.

Time-Series Regression. The data of each interaction can be viewed as two
parallel streams of behavior in time, that is, a bivariate time series, A theory
of interactive behavior (Gottman, 1981; Thomas & Malone, 1979) must take
into account how the person is affected by his or her own behavior (autocor-
relation as well as the partner’s behavior (cross-correlation). But cross-
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Figure 1. A diogrommatic representation of an interactional sequence. The fime cuxds represents
successive 250-ms units. V = vocalization, P = pouse, 5P = switching pouse, NS5 = noninterruplive
simultaneaus speech, and 155 = inferrupfive simultanecus speech. The armows that point down
denate the end of the adult's turns, those that point up denote the end of the infant's tums.

correlations between the two streams of behavior may be an artifact of strong
autocorrelation in each partner. Time-series regression analysis is a method
that separately assesses and then removes (i.e., partials) the autocorrelation
in each partner’s contribution to the dyadic time series. Then, by means of lag
correlations (controlled for autocorrelation), it assesses whether each part-
ner’s stream of behavior is predictable from that of the other.

In this study, only pairwise comparisons were performed; that is, adult and
infant behaviors were compared only within the same vocal parameter (e.g.,
average pause of infant with average pause of adult, average vocalization of
infant with average vocalization of adult, etc.). Within the general definition
of coordinated interpersonal timing previously (i.e., “the prediction of the
temporal pattern of each partner in a dialogue from that of the other™), the
influence of any parameter of one partner’s time serics upon any parameter of
the other’s would count as a positive finding. Although it would be intriguing
to use several of the vocal parameters as predictors in time-series regression
analyses, the equations in this study were limited to pairwise comparisons
because the same strategy had been used in all our related studies (e.g.,
Beebe et al., 1988; Crown, 1991; Feldstein & Crown, 1990; Jasnow ct al.,
1988; Jasnow & Feldstein, 1986), and because the purpose of this study was to
demonstrate replicability at two different sites rather than to model the
dynamics of conversational timing.

The time unit over which the parameter durations were averaged was 5 s,
Based upon the average parameter durations of approximately 1 s (Feldstein
& Welkowitz, 1987; Jaffe & Feldstein, 1970), the 5-s unit is long enough to
include several occurrences of all five parameters. Thus, the process yielded,
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for a 12-min interaction, 144 average (5 s) durations for each of the parame-
ters.’

Each of the two series for each adult—infant pair was then subjected to an
SPSSX ARIMA (AutoRegressive Integrated Moving Average) modeling
procedure in order to remove autocorrelational effects from the data, and the
ACF subprogram of SPSSX was used to allow for visual and statistical checks
of which model provided the best fit to the data. An AR2 model was selected
as most appropriate on the basis of a diagnosis of the residuals. An AR2
model uses two lags to remove autocorrelational effects from a time series. In
this study, autocorrelational effects were removed from both the criterion
(dependent) and predictor (independent) variables.” Furthermore, the AR2
model we used specified no differencing and a zero-order moving average.
After we selected the model, we used the AREG subprogram of SPSSX
Trends to compute the time-series regression analyses.

We decided to examine the degree to which a mother or infant coordinated
her or his current behavior with the other’s behavior of the preceding minute.
A minute was chosen primarily because it had been used in the past in our
own research (e.g., Crown, 1991; Jasnow et al., 1988; Jasnow & Feldstein,
1986) and in that of others (e.g., Cappella, Palmer, & Donzella, 1990;
Cappella & Planalp, 1981). Thus, for each parameter, a set of 12 successive
5-s “lags™ was used to examine the prediction of each participant’s behavior
from the other’s.” The statistic that we have used to index degree of coordi-

* Other investigators have used a 10-s sampling period (e.g., Levenson & Gottman, 1983;
Warner, 1991; Warner, Malloy, Schneider, Knoth, & Wilder, 1987), and Cappella, Palmer, and
Donzella {1990} used a 2-s sampling period, However, our own informal comparisons of results
of using 10-5 and 5-s time periods have yielded few meaningful differences, and the advantage of
using a 5-s period in this study is that it doubles the same size for the time-series analyses.

* It may be useful to emphasize the fact that autocorrelational effects are removed from both
the criterion and predictor variables. An important implication of this procedure is that, inas-
much as the autocorrelational effects (self-influence) are removed, the relationship between the
criterion and predictor variables involves only the cross-correlational effects (interpersonal
coordination or “other influence™),

1A lag is a vector of the past values of a time series that has been transformed into current
values, Consider, for example, a time series at time f {current time), the values of which are
represented by the symbol V., with i ranging from 1 (the first, or earliest value) to 144 (the last, or
latest value). A lag “one step back," at time ¢ — 1, would be represented by V,, in which the
values range from 1 to 143, and a lag two steps back, that is, a lag at time ¢ — 2, would have the
vialues ¥, in which i ranges from 1 to 142, and finally 12 steps back for a lag at time r — 12, which
would have the values ¥, in which i ranges from 1 1o 132. In determining the influence of a
mother’s prior behavior on her infant's current behavior {or, conversely, the infant's coordina-
tion of his or her behavior with the mother's prior behavior), the vector at time ¢ — 12 is entered
into the regression equation first, followed by the vector at time ¢ — 11, followed, eventually, by
the vector at ¢ — 1. The r yielded by the regression equation after the vector r — 1 is entered is a
partial r. Assuming that each vector represents the average parameter value for a 5-5 period, the
partial r indexes the relationship of, for example, the infant’s current behavior (¢ ~ 0) to the
mother's behavior approximately 60 s previously, with the behavior intervening between the two
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nated timing is the proportion of the variance () of one partner’s behavior
for which the 12 lags of the other partner’s behavior account. We also
examined which of the 12 lags yielded the best prediction of the other
partner’s behavior, in the sense of which lag accounted for the most variance.
This was termed the “optimal lag.”

Meta-Analysis. Meta-analysis is a technique used for quantitatively sum-
marizing a set of separate experiments that test hypotheses that are concerned
with a particular issue. Inasmuch as each of the dyads was analyzed separately
(by times-series regression), to determine whether it exhibited coordinated
interpersonal timing, each could be considered a separate experiment. Thus,
a meta-analytic approach® was used to evaluate the hypothesis that, over
dyads, infants and adults in interaction coordinate the timing of their vocal
behaviors. Note that a meta-analysis of the dvads at each site does not imply a
statistical comparison of the magnitude of coordination at the two sites, but
does provide information about which temporal parameters exhibit significant
interpersonal coordination over dyads at each site. (The question of whether
the sites differ significantly with regard to magnitude of coordination is not
considered relevant to our definition of replicability, as argued in the Discus-
sion. )

RESULTS

The results of the meta-analyses for the NYSPI and UMBC sites are summa-
rized in Tables 1 and 2, respectively. Table 3 summarizes the replications
between the two sites, Tables 1 and 2 each display 20 evaluations of five vocal
parameters in four different interactive conditions. Table 3 shows that 18 of

time points controlled for, or *partialed out.” However, each of the 12 lags accounts for a certain
proportion of the variance of the infant’s current behavior, and the proportion accounted for by
all 12 lags is considered the estimate of coordinated interpersonal timing.

# Unlike the usual meta-analytic approach {Glass, McGraw, & Smith, 1981; Rosenthal, 1978;
Rosenthal & Rosnow, 1984), the approach of the analysis used here involves three simple steps:
(a) transform the probability values to normal standard deviate scores {2 scores); (b) square each
of the z scores to yield a chi-square with one degree of freedom; and (c) sum the chi-squares for
each group to provide a chi-sguare with a degree of freedom equal to the number of chi-squares
in the sum. The summed chi-square value indicates whether the regression coefficients are
significantly different from zero, The reason for this special approach is that the usual meta-
analysis tests a directional hypothesis, that is, the hypothesis is confirmed only if the posited
relationship is either positive or negative, [n this study, the cocfficients of coordinated interperso-
nal timing derived from the time-series regression analyses support the hypothesis that coordi-
nated interpersonal timing has occurred regardless of whether they have positive or negative
values, The only value that does not support the hypothesis is zero. A separate meta-analysis was
performed for each of the vocal parameters. The analyses for mother-infant and stranger-infant
interactions used the infant parameters and the adult parameters as the dependent measures,
respectively. (We are indebted to Robert Rosenthal of Harvard University for devising the meta-
analysis used here.)
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TABLE 1
Summary of the Meta-Analyses of the Results of Time-Series Regressions for the NYSPI Site
Parameters
Dyad Type 5P v - M35

Logged Analyses
Infant — Maother

14
A5
84,84

14
A4
&3.54*

Stranger — Infont

N 13 14
R 13 34 Al 44 A2
'a

346.61* 34.83* 28.96% 83.95* 44.74

Mote, P = pouse, SP = swilching pause, ¥V = vocolization, 155 = interruptive simultaneous
speech, M35 = noninferruptive simultanecus spesch. The direction of the arow indicates that the
current behavior of the individual ta the right of the arraw is predicted by the logged behavior {during
the prior minute) of the individual fo fhe left of the arow. R represents the combined effect size, and
da-g:-sa uft;gaadom for each ° is the associated sample size ().

o= 05,

these 20 evaluations (90%) are concordant between sites.” This concordance
is characterized by the presence of coordinated interpersonal timing at both
sites, the remaining two indicate an absence of coordinated interpersonal
timing at both sites. Of the replicated findings, 16 of 18, or 89%, indicated
that coordinated interpersonal timing was present at both sites.

Thus far, our criterion of replicability has been based on the presence or
absence of coordinated interpersonal timing at both sites. We evaluated the
prediction of the time-series analysis by summing across 12 lags. We now
consider a second, more stringent, criterion of replicability. For each dyad it
is possible to determine which of the 12 lags provides the optimal prediction
of the partner’s behavior and to ask whether the optimal lags for the adults
and infants at one site are replicated at the other. Table 4 suggests that the
average optimal lags of the infants and adults for all the parameters are quite
similar. Moreover, a series of analyses of variance (ANOVAs), which com-

® Given 20 tests at the 5% level, only one significant chi-square could be expected by chance.




