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Abstract

 

Infants’ sensitivity to social contingencies was assessed. In Study 1, 1-month-old infants and their mothers interacted face-
to-face in three types of imperfect contingent interactions: Normal, Non-Contingent and Imitation. One-month-old infants did
not discriminate these conditions. In Study 2, 3-month-old infants were tested as in Study 1. At 3 months of age, infants gazed
reliably longer in the Imitation condition and smiled reliably more in the Normal than in the Non-Contingent and Imitation
interactions. These findings suggest a developmental transition in the sensitivity to social contingencies between 1 and 3 months
of age. The relationship between the developing sensitivity to social contingencies and social cognition is discussed.

 

At the age of two to three months, infants begin to give the
impression of being quite different persons. When engaged
in social interaction, they appear to be more wholly inte-
grated. It is as if  their actions, plans, affects, perceptions, and
cognitions can now all be brought into play and focused, for
a while, on an interpersonal situation. (Stern, 1985/2000)

 

Much research on the behavioral development of human
infants points to a dramatic transition occurring some-
time around the second month. Infants by the second
month focus their attention on the internal features
of faces (Haith, Bergman & Moore, 1997; Maurer &
Salapatek, 1976), spend more time in an awake and alert
state (Wolff, 1987) and reciprocate in the context of
face-to-face interactions (Fogel, 1993; Trevarthen, 1979).
In addition, infants show changes in their sensitivity to
contingencies. In general, sensitivity to contingency is a
well-documented fact in human infancy. Infant learning
and self-efficacy is moderated by the degree of control
that they have over their surroundings (Watson, 1972;
Watson & Ramey, 1972). By 2 months of age, infants
manifest positive affect when they can control an event
(Lewis, Sullivan & Brooks-Gunn, 1985) and start to pay
special attention to the quality of effects that they cause
in the environment (see also Rochat & Striano, 1999).

Reciprocal social interactions that include aspects of
imitation and affective attunement are thought to play

a key role in the development of human social under-
standing, which includes an understanding of intentional
relations (Barresi & Moore, 1996; Iacoboni, 2005; Stern,
1985/2000). Given the role of  social interaction in com-
municative development, researchers have looked to the
ontogeny of social sensitivities – what exactly is it that
infants are sensitive to and when do such sensitivities
begin?

A variety of  paradigms have been developed and
employed over the last decades to address this question.
The still-face paradigm has been widely used to assess
infants’ social expectations (Tronick, Als, Adamson,
Wise & Brazelton, 1978). In the traditional paradigm,
infants engage for several minutes in a normal face-to-
face interaction with an adult social partner. This dyadic
interaction is halted when the adult suddenly holds a
neutral still face. By 2 months of age, infants react to the
still face with reduced smiling and gazing, together with
increased self-comforting (Muir & Hains, 1993; Toda &
Fogel, 1993; Tronick 

 

et al

 

., 1978). In the mid-1980s, Murray
and Trevarthen (1985) developed a new paradigm to
overcome the abrupt loss of social contact in the still-
face procedure. Infants and mothers interacted via a
closed-circuit television, and infants were presented with
either a video of their mother interacting with them live,
or were presented with a replay of her interacting. Thus,
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in the replay period, the mothers’ behavior was not
synchronous with or contingent upon the infants’ behavior.
Infants between 6 and 12 weeks of age responded with
more positive behavior such as gazing and smiling in the
live compared to the replay period. These results suggested
sensitivity to social contingency, and are significant since
such sensitivity is considered to be a precursor to later
social competencies (see Nadel, Carchon, Kervella, Marcelli
& Réserbat-Plantey, 1999; Rochat & Striano, 1999). Many
research teams have attempted to replicate these findings
with different age groups and with slight procedural
modifications.

Hains and Muir (1996) found that at 5 months of age,
human infants did not discriminate between seeing a live
or replay interaction of their mother, but that they did for
a stranger (see also Bigelow, MacLean & MacDonald,
1996). While Nadel 

 

et al

 

. (1999) replicated Murray and
Trevarthen’s (1985) results with 9-week-olds, Rochat,
Neisser and Marian (1998) reported a failure to replicate
with 2-month-olds. Similarly, Bigelow and DeCoste (2003)
found contingency and carry-over effects for 4- and 6-
month-olds’ gazing and smiling responses, but not for
2-month-olds. However, analyses of effect sizes indicated
that 2-month-olds might be beginning to discriminate
between live and replay interactions in their visual
response. Clearly, there is much controversy around this
topic, given the inconsistencies in results at early ages
tested, but it is generally agreed that at some point
within the first 6 months of age, infants manifest these
sensitivities. As articulated by Bigelow (2001), the ques-
tion is ‘not whether infants show this sensitivity to con-
tingency, but when they begin to do so’ (p. 336).

Watson and colleagues’ research on infant perception
of contingency points to a transition in contingency
preferences around 3 months of age (Bahrick & Watson,
1985; Gergely & Watson, 1996, 1999; see also Gergely,
Koos & Watson, 2000). Whereas young infants’ attention
is captured by perfectly contingent response–stimulus
relations, e.g. by a contingent live display of their own
leg motion, by 3 months of age infants begin to discrimin-
ate between perfect and imperfect contingencies and
show a preference for imperfect contingent relations,
e.g. a display of a non-contingent self  or a peer (Bahrick
& Watson, 1985). Social contingencies are generally
imperfect since the magnitude of response–stimulus con-
tingencies in social interaction is usually below 1. Given
that mothers engage in affective attunement and mirroring
with their infants (e.g. Stern, 1985/2000; Gergely & Watson,
1999), maternal responsiveness in early interaction is
characterized by high but imperfect degrees of response-
contingent stimulation. Gergely and Watson (1996) argue
for the existence of an innate contingency detection module
whose initial bias toward perfect contingencies is re-set

in infants around 3 months of  age towards high but
imperfect degrees of contingency.

The current study was designed to dig a bit further into
the question addressing when human infants are sensitive
to imperfect social contingencies. This is the first large-
scale developmental study of infants’ sensitivity to social
contingency within the first 3 months of age. Following
Gergely and Watson’s hypothesis that infants start to seek
out imperfect contingencies by 3 months of age but not
before this age (e.g. 1999), and also based on a range of
research suggesting a transition in social skills at around 2
months of age (see e.g. Nadel 

 

et al

 

., 1999; Rochat & Striano,
1999; Stern, 1985/2000), we used the working hypothesis
that 3-month-old infants, but not 1-month-olds, would
distinguish between differing degrees of imperfect social
contingencies with their gazing and smiling responses.

One- and 3-month-old infants interacted face-to-face with
their mother, and type of maternal social contingency
was manipulated (Normal interaction, Non-Contingent
interaction, and Imitative interaction). We chose to assess
1- and 3-month-olds, rather than 2-month-olds, given
the inter-individual differences in social responsiveness
that have been reported at around 2 months of age (e.g.
Bigelow, 2001), and that may have accounted for much
discrepancy in previous research.

 

Study 1

 

Method

 

Participants

 

Sixty-eight infants and their mothers participated in the
study (

 

M

 

 

 

=

 

 45.2 days, range: 36–58 days). Twenty-nine
males and 39 females were included in the final sample.
An additional 11 infants were tested but excluded because
they were fussy or did not engage in at least one of the
experimental conditions. All participants were full-term
(at least 36 weeks of  gestation), healthy infants with
a birth weight of 2,500 g or higher, and a 1 and 5 minute
APGAR score of 7 or higher. Infants were recruited
from a small city hospital where a research assistant
visited mothers at the time of the birth of the infants and
later contacted them by telephone. Infants were Caucasian
and living in a small city in the east of Germany. Infants
received a T-shirt and mothers a videotape of the session
and a travel allowance for their participation.

 

Set-up and procedure

 

Testing took place in a carpeted room within an area
surrounded by white curtains to eliminate any possible
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distractions. All sessions were filmed using four digital video
cameras. As shown in Figure 1, two cameras captured a
close-up view of the infant, another one a close-up view
of the mother, and a fourth one captured a view of the
mother and the infant. The output of all four cameras was
fed into a digital quad, which allowed for simultaneous
viewing of the different filmed angles for coding purposes.

Mothers and infants interacted in two visits. Infants
sat in an infant seat (with a 30

 

°

 

 backrest tilt) placed on
a 44 cm high table. Mothers sat on a stool (44 cm high)
facing their infants, approximately 50 cm apart from
them. This seating arrangement afforded for eye contact
between the dyad. Because of postural constraints of the
infant at the first visit, some mothers held their infants
in an en-face position, generally holding the infant’s
head from behind with one hand, and the infant’s
trunk and buttocks

 

1

 

 with the other hand. Mothers were
instructed to interact for 3 minutes with their infants
as they normally do. The session was recorded and an
audio recording of 60 seconds during which the infant
was not excessively distressed was made for the sub-
sequent visit.

In the second visit (

 

M

 

 

 

=

 

 6.9 days later), all infants sat
in an infant seat and the seating arrangement was the

same as in visit 1. Mothers were asked to wear a headset
attached to an audio recorder and instructed to interact
with the infant in each of the following ways without
touching the infant during assessment. Each interaction
lasted 60 seconds and order was originally counter-
balanced across infants. However, some infants dropped
out of the study and the final number of subjects differed
between the order groups. All infants participated in all
conditions within the study. The number of infants per
order group is presented in Table 1. Only the recorded
3-minute interactions of the second visit were used for
all analyses.

 

Conditions

 

Normal interaction

 

: Mothers were instructed to interact
with their infant as they normally do.

 

Non-Contingent interaction

 

: Mothers were instructed
to press play on the audio recorder and to repeat what

 

1

 

 In visit 2, all infants were placed in the infant seat. There was no
significant main effect or interaction for infant behavior in visit 2 of
whether infants were held in the mothers’ arm (

 

n

 

 

 

=

 

 14) or placed in the
infant seat (

 

n

 

 

 

=

 

 54) during the normal interaction of visit 1.

Figure 1 Set-up for Studies 1 and 2.

Table 1 Sample sizes within each order of condition for
Studies 1 and 2

Order N-NC-I N-I-NC I-NC-N I-N-NC NC-N-I NC-I-N

Study 1 9 13 10 11 12 13
Study 2 13 11 11 11 10 10

Note: N = Normal condition, I = Imitation condition, and NC = Non-Contingent
condition.



 

512 Tricia Striano 

 

et al.

 

© Blackwell Publishing Ltd. 2005

 

they had said to their infant in visit 1 and to reflect the
same feeling back to the infant, as reflected in their voice
on the recorder.

 

Imitation Interaction

 

: Mothers were instructed to imitate
their infants’ facial expressions, arm/hand gestures and
vocalizations.

To verify task demands for mothers in the Non-
Contingent interaction, maternal vocalizations on the audio
recordings of visit 1 in Studies 1 and 2 were assessed in
terms of frequency, amount in seconds, and mean dura-
tion in seconds of single vocalizations and of overall
vocalizing in percent of time.

 

2

 

 SDs are reported in brackets.
Analyses showed that in the Non-Contingent interaction
in Study 1, mothers were required to repeat an average
of 25 (7.7) vocalizations, one every 2.4 seconds, with a
mean duration of 1.1 (.5) seconds, and an overall 44.3
(14.8) percent of time of vocal behavior. Similarly, in the
Non-Contingent interaction in Study 2, mothers were
required to repeat an average of 35 (8.2) vocalizations,
one every 2.6 seconds, with a mean duration of 1.3 (.8)
seconds, and an overall 47.5 (12.6) percent of time of
vocal behavior. Maternal speech on the recordings thus
consisted of  short utterances interspersed with pauses.
It is interesting to note that maternal vocalizations
were greater in 3-month-olds (1 vocalization every 2.4
seconds) compared to 1-month-olds (1 vocalization every
2.6 seconds), and that the mean duration of single vocaliza-
tions was greater in 3-month-olds (

 

M

 

 

 

=

 

 1.33, SD 

 

=

 

 .1)
compared to 1-month-olds (

 

M

 

 

 

=

 

 1.1, SD 

 

=

 

 .06). How-
ever, these age differences were not significant, and likely
did not differentially affect infants’ affective response at
each age (see also Henning, Striano & Lieven, in press,
for evidence of greater interindividual differences in
infant compared to maternal vocal behavior). Given the
simplicity, rhythmicity and repetitiveness of infant-
directed speech in general (e.g. Snow, 1977), we assumed
that in the Non-Contingent interactions mothers were
able to comply with the instruction to repeat their
recorded vocalizations. In addition, mothers did not
spontaneously report any difficulty with the task.

 

Coding

 

The main coder was not blind as to the experimental
conditions given that she used a quad splitter image for
coding, but was naïve as to the predictions of the study.
Coding was done using a computerized coding system
(Interact 6.8; Thiel, 2002). The coder activated the event

recorder with different keys on the computer keyboard
corresponding to the following behaviors:

Infant behaviors:

 

Gazing

 

: looks to the mother’s face.

 

Smiling

 

: raised cheeks and corner of lips turned up.

Maternal behaviors:

 

Gazing

 

: looks to the infant’s face.

 

Smiling

 

: toothy smiles or smiles that were more intense
relative to their general display of positive affect.

 

Intercoder reliability

 

An independent coder scored a random 20% of the sessions
using the same method as the main coder. To measure
intercoder agreement, we used an adaptation of the Kappa
to continuous data as recommended by Bakeman and
Gottman (1997). Cohen’s Kappas were .71 and .75 for infant
gazing and smiling, respectively, and .98 and .75 for
maternal gazing and smiling, respectively. Because it was
sometimes difficult to establish if  infants were fixating on
the mother’s face or elsewhere, a quad splitter image was
used for coding purposes. Also, an additional 20% of
randomly selected infants from the dataset for Study 1
and Study 2 (below) were coded with the images of the
mother covered. Kappas assessing reliability between
this blind coder and the original coding for infant gazing
in Studies 1 and 2 were .73 and .76, respectively. There-
fore, although coders naïve to the hypotheses of the
studies reported that the image displaying both the
mothers’ and infants’ face facilitates coding of infant
gazing, it is also possible to obtain similar results using
a coder who is blind to the experimental condition.

 

Manipulation check

 

To verify that the mothers were in compliance with the
conditions in Studies 1 and 2, we assessed whether an
independent observer blind to the hypotheses of the study
and order of conditions could reliably assign the correct
condition to the three interaction phases (Normal, Imita-
tion and Non-Contingent) of the mother–infant dyads.
The observer was presented the video-taped interactions
of all trials in a random order and then asked to classify
each experimental trial to one. The reliability to correctly
identify the experimental condition measured by Cohen’s
Kappa was 0.85. The Normal condition was correctly
classified in 92.6%, Imitation condition in 97% and Non-
Contingent condition in 77.9% of the trials. It is interesting
to note that even the lowest correct classification rate of the
Non-Contingent condition was still significantly higher
than expected by chance. Chi-square goodness of fit test

 

2

 

 Maternal vocalizing was defined as any vocalization mothers pro-
duced. Cohen’s Kappas measuring intercoder agreement on 20% of the
sample were .80 and .77 for Studies 1 and 2, respectively.
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yielded 

 

χ

 

2

 

(1) 

 

=

 

 60.89, 

 

p

 

 

 

<

 

 .001, 

 

p

 

 

 

=

 

 . Non-Contingent
trials were more often misclassified as Normal (10 times)
than as Imitation (4 times), although this difference was
not significant, Chi-square goodness of fit: 

 

χ

 

2

 

(1) 

 

=

 

 2.87,

 

p

 

 

 

=

 

 .18. In addition, coders were significantly more
likely to classify Normal as Normal than as Imitation,
Chi-square goodness of fit: 

 

χ

 

2

 

(1) 

 

=

 

 64, 

 

p

 

 

 

<

 

 .001, 

 

p

 

 

 

=

 

 .5,
and Imitation as Imitation than as Normal, Chi-square
goodness of fit: 

 

χ

 

2

 

(1) 

 

=

 

 60.2, 

 

p

 

 

 

<

 

 .001, 

 

p

 

 

 

=

 

 .5, or as Non-
Contingent, Chi-square goodness of  fit: 

 

χ

 

2

 

(1) 

 

=

 

 66,

 

p

 

 

 

<

 

 .001, 

 

p

 

 

 

=

 

 .5. These results suggest that mothers
complied with the instructions. Interobserver reliability
was conducted by a second independent observer, blind
to the hypotheses and conditions of the study, for 100% of
the sample and the Kappa was .72.

 

3

 

 As shown in Tables 2
and 3, mothers smiled more than infants did in the
Imitation condition, indicating that they did not fully
comply with directions. There may have been several rea-
sons for this difference. One possibility is that maternal
smiles were longer lasting than infant smiles, and/or more
easily detected by the coders of the study. It is possible
that whereas mothers perceived their infant as smiling,
the coders did not (and/or used a more rigid definition).
A second possibility is than mothers’ smiling may have
reflected embarrassment when they had to copy their
infants’ behavior. Future studies will be needed to test
these hypotheses. It is important to note, however, that
despite these differences infants nevertheless received

significantly different levels of maternal contingency as a
function of condition. That is, for both studies (see
results section) maternal smiling significantly differed as
a function of experimental condition and independent of
any relations between maternal and infant smiling.

 

Results

 

The analyses focused on the following questions:

 

Did 1-month-old infants discriminate between Normal,
Imitation, and Non-Contingent interactions?

 

 To assess this
question, two 2-factorial Condition (within group factor:
Normal, Imitation, Non-Contingent) 

 

×

 

 Order (between
group factor: six different orders) repeated measures
ANOVAs were performed on the percent of time infants
gazed and smiled at their mother. Means and 

 

SE

 

s are
presented in Table 2. Following a significant main effect
or interaction, we used planned pairwise comparisons
for estimated marginal means (

 

t

 

-statistics) for both
between- and within-subjects factors (Fischer’s LSD
Procedure).

 

Gazing

 

: The ANOVA yielded no significant main effects
or interactions, 

 

p

 

s 

 

>

 

 .22.

 

Smiling

 

: The ANOVA yielded no significant main effects
or interactions, 

 

p

 

s 

 

>

 

 .56.

 

Did infant behavior vary as a function of maternal
behavior?

 

 To assess this question, a series of General
Linear Mixed Models analyses (GLMMs) were per-
formed to assess possible effects of maternal behavior
(smiling or gazing) on infant’s behavior as a function of
condition and order. Covariates were included as main
effects, and non-significant factors were removed from
the final model. Adding maternal behaviors as covariates

 

3

 

 Note that the frequency of maternal and infant smiles showed a
similar pattern of results. For study 1, Means (SD) for maternal and
infant smiling were 3.80 (2.9) and .5 (1.25), respectively, and for Study
2 were 4.2 (2.40) and 1.6 (1.94), respectively.

1
3

Table 2 Study 1: Means and standard errors for infant and
maternal behavior (in percent of time) in conditions Normal,
Imitation and Non-Contingent (N = 68)

Condition Normal Imitation Non-Contingent

Infants

Gazing
M 68.7 63.2 64.9
SE 4.20 3.95 4.32

Smiling
M 6.4 4.2 6.6
SE 1.33 1.76 1.59

Mothers

Gazing
M 98.1 98.1 98.1
SE 0.76 0.51 0.38

Smiling
M 21.3 16.9 24.9
SE 2.46 2.15 2.67

Table 3 Study 2: Means and standard errors for infant and
maternal behavior (in percent of time) in conditions Normal,
Imitation and Non-Contingent (N = 66)

Condition Normal Imitation Non-Contingent

Infants

Gazing
M 75.9 83.0 70.4
SE 3.02 2.07 3.31

Smiling
M 12.4 5.9 9.3
SE 1.86 1.03 1.61

Mothers

Gazing
M 99.7 99.2 98.3
SE 0.86 0.17 1.02

Smiling
M 33.2 23.8 33.8
SE 1.97 2.56 2.67
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in the model, there was a significant positive relation
between maternal smiling and infant gazing, GLMM:
F(1, 174.9) = 7.12, p = .008, β = .3. Independent of condi-
tion, infants gazed more when mothers smiled more. There
was also a significant positive relation between maternal
and infant smiling, GLMM: F(1, 174.6) = 6.72, p = .008,
β = .13. Independent of condition, infants smiled more
when mothers smiled more. All other main effects or
interactions were not significant, ps > .28.

Did maternal behavior vary as a function of experimental
condition (Normal, Imitation and Non-Contingent)? To
assess this question, two 2-factorial Condition (within
group factor: Normal, Imitation, Non-Contingent) × Order
(between group factor: six different orders) repeated
measures ANOVAs were performed on the percent of
time mothers gazed and smiled at their infant.

Gazing: Mothers gazed almost 100% of the time in all
three experimental conditions. The ANOVA yielded no
significant main effects or interactions, ps > .39.

Smiling: There was a significant main effect for
condition, F(2, 124) = 3.61, p = .03. Pairwise comparisons
showed that mothers smiled the same amount in the
Normal and Non-Contingent conditions, p > .18. Mothers
smiled reliably more during the Non-Contingent
condition compared to the Imitation condition, p = .004.
There were no other significant main effects or inter-
actions, ps > .14 in all cases.

Did maternal behavior vary as a function of infant
behavior? To assess this question, GLMMs were per-
formed on maternal behavior. Adding infant behaviors
as covariates in the model, there was a significant
positive relation between infant and maternal smiling,
GLMM: F(1, 174.3) = 7.96, p = .005, β = .29. Independent
of  condition, mothers smiled more when infants
smiled more. The main effect of condition on maternal
smiling remained significant when adding infant
smiling as a covariate. GLMM: F(2, 123.5) = 3.30, p =
.04. Pairwise comparisons revealed that, independent of
infant behavior, mothers smiled significantly more in the
Non-Contingent condition compared to the Imitation
condition, p = .012. Interestingly, although mothers
smiled reliably more in the Non-Contingent condition
compared to the Imitation condition, infants’ gazing
and smiling still did not differ between conditions. There
were no other significant main effects or interactions,
ps > .15 in all cases.

Discussion Study 1

One-month-old infants interacted with their mother face-
to-face and gazing and smiling was assessed across different
interaction types. Infants did not appear to be sensitive
to different types of  imperfect contingencies. Although

it is difficult to make firm conclusions based on null
results, the findings suggest that a sensitivity to social
contingencies likely develops sometime after 6 weeks of
age. In Study 2, we assessed 3-month-olds’ sensitivity in the
same paradigm.

Study 2

Method

Participants

Sixty-six infants and their mothers participated in the
study. Twenty-nine males and 37 females from the original
sample were also included in Study 2 when they were
3 months of age (M = 109.8 days, range: 88–128). An
additional 13 infants were tested but excluded because
they were fussy or did not engage in at least one of the
experimental conditions. Recruitment procedures, inclusion
criterion and participant gifts were identical to Study 1.

Set-up and procedure

As in Study 1, in Study 2 mothers and infants interacted
in two visits. The set-up for both visits in Study 2 was
the same as in the second visit of Study 1. Also the
procedure was the same as in Study 1, except that the
duration of  conditions was extended to 90 seconds.
The mean number of days elapsed between the first and
the second visit were M = 7.3 days. Order was originally
counterbalanced across infants. However, some infants
dropped out of the study and the final number of sub-
jects differed between the order groups. The numbers of
infants per order group are presented in Table 1.

Coding

The coding procedure was the same as in Study 1 and
coded by the same observers.

Intercoder reliability

To assess intercoder reliability, an independent coder
scored a random 20% of the sessions. Cohen’s Kappas
were .83 and .80 for infant gazing and smiling, respec-
tively, and 1.0 and .76 for maternal gazing and smiling,
respectively.

Manipulation check

To verify that the mothers were in compliance with the
conditions we conducted the same analyses as in Study 1.
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The reliability to correctly identify the experimental
condition measured by Cohen’s Kappa was .95. In the
3-months-old infant group, the correct classifications of
trials for Normal, Imitation and Non-Contingent con-
ditions were 98.4%, 98.4% and 93.9%, respectively.
Interobserver reliability was conducted by a second
independent observer, blind to the hypotheses and
conditions of the study, for 100% of the sample. The
Cohen’s Kappa was .79.

Results

The analyses focused on the following questions:
Did 3-month-old infants discriminate between Normal,

Imitation, and Non-Contingent interactions? To assess
whether infant behavior differed across conditions two
2-factorial Condition (within group factor: Normal, Imita-
tion, Non-Contingent) × Order (between group factor: six
different orders) repeated measures ANOVAs were per-
formed on the percent of time infants gazed and smiled.
The means and SEs are presented in Table 3. Following
a significant effect or interaction we conducted pairwise
comparisons using Fischer’s LSD procedure.

Gazing: There was a significant main effect for condi-
tion, F(2, 120) = 8.44, p < .001, but no effect of order
and no interaction, ps > .29. Pairwise comparisons
revealed that infants gazed more in the Imitation condi-
tion compared to both the Normal condition, p = .018,
and Non-Contingent condition, p = .001. Additionally,
there was a trend for infants to gaze more in the Normal
condition compared to the Non-Contingent condition,
p = .055.

Smiling: There was a significant main effect for condi-
tion, F(2, 120) = 8.79, p < .001. Pairwise comparisons
revealed that infants smiled reliably more in the Normal
condition compared to both the Imitation, p < .001, and
Non-Contingent, p = .052, conditions. Additionally,
infants smiled significantly more in the Non-Contingent
condition compared to the Imitation condition, p = .015.
There was no main effect for order, p = .164. There was
a significant Condition × Order interaction, F(10, 120) =
1.95, p = .048. In all orders, infants smiled more in the
Normal condition compared to the Non-Contingent
and Imitation conditions, with the exception of order
Imitation – Non-Contingent – Normal. In this order,
infants smiled less in the Normal condition compared
to the Non-Contingent and Imitation conditions. This
result may reflect a carry-over effect from the preceding
Non-Contingent condition.

Did infant behavior vary as a function of maternal
behavior? To assess this question, GLMMs were performed
on infant behavior. Adding maternal behaviors as
covariates in the model revealed a significant positive

relation between maternal and infant smiling, GLMM:
F(1, 176.8) = 8.49, p = .004, β = .13. Independent of
condition, mothers smiled more when infants smiled
more. The effect of condition on infant smiling remained
significant when statistically controlling for the effect of
maternal smiling, F(2, 122.6) = 5.86, p = .004. Pairwise
comparisons revealed that infants smiled more in the
Normal condition compared to both the Imitation, p <
.001, and Non-Contingent, p = .043, conditions. Infants
did not smile significantly more in the Imitation condi-
tion compared to the Non-Contingent condition, p =
.163. The Order × Condition interaction was not signifi-
cant after adding maternal smiling as a covariate, F(10,
119.7) = 1.75, p = .078, suggesting that mothers’ behavior
may have contributed to the condition carry-over effect
for infant smiling in order Imitation – Non-Contingent
– Normal. There were no other main effects or interactions,
ps > .15 in all cases.

Did maternal behavior vary as a function of experimental
condition (Normal, Imitation and Non-Contingent)? To
assess whether maternal behavior differed across con-
ditions, two 2-factorial Condition (within group factor:
Normal, Imitation, Non-Contingent) × Order (between
group factor: six different orders) repeated measures
ANOVAs were performed on the percent of time mothers
gazed and smiled.

Gazing: Mothers gazed almost 100% of the time in all
three experimental conditions. There were no significant
main effects or interactions, ps > .22.

Smiling: There was a significant main effect for con-
dition, F(2, 120) = 8.47, p < .001. Pairwise comparisons
showed that mothers smiled significantly more in the
Normal and Non-Contingent conditions compared to
the Imitation condition, p = .022 and p = .001, respect-
ively. There was no significant difference between the
Normal and Non-Contingent conditions, p = .793.
There was no significant main effect for order, p > .29, or
an interaction between order and condition, p > .76.

Did maternal behavior vary as a function of infant
behavior? To assess this question, GLMMs were per-
formed on maternal behavior. Adding infant behaviors
as covariates in the model revealed a significant positive
relation between infant and maternal smiling, GLMM:
F(1, 176.9) = 8.39, p = .004, β = .35. Mothers smiled
more when infants smiled more, regardless of experi-
mental condition. The main effect of condition on
mother smiling remained significant when adding infant
smiling as covariate, GLMM: F(2, 123.3) = 5.79, p =
.004. Pairwise comparisons showed that mothers smiled
significantly more in the Normal and Non-Contingent
conditions compared to the Imitation condition, p =
.013 and p = .001, respectively, regardless of infant
behavior. There were no significant differences between
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the Normal and Non-Contingent conditions, p = .517. There
were no other main effects or interactions, GLMM: all
ps > .16.

Discussion Study 2

Three-month-old infants interacted with their mothers
who presented different types of imperfect contingencies.
Infants gazed more in the Imitation condition than in
the Normal or Non-Contingent conditions but smiled
more in the Normal condition compared to the Imitation
and Non-Contingent conditions. Clearly, this finding
suggests that infants discriminated among these different
conditions, and contrasts with that of Study 1 with 1-
month-olds. Furthermore, the different infants’ gazing
and smiling responses suggest that gazing and smiling
serve different functions. These findings are in accord-
ance with Bigelow and Birch’s (1999) suggestion that
infant attention and affect are regulated by two systems
that may operate independently. Imitative responses did
not impact the way that infants related on an affect level
to their mother during the interaction. Rather, the imit-
ative response captured infants’ visual attention and
may have modulated arousal by providing a higher
degree of contingency compared to the more reciprocal
Normal or Non-Contingent interaction. It has been pro-
posed that imitation of facial and vocal behaviors regul-
ates infant distress and plays an important role in sense
of causality (e.g. Nichols, Gergely & Fonagy, 2001). One
possibility is that this accounts for 3-month-old infants
gazing more at their mother when she was engaged in an
imitative compared to normal interaction. An alternat-
ive possibility is that infants gazed longer because their
mothers’ behavior was surprising and perhaps more
novel.

Importantly, these effects both in terms of gazing and
smiling held even when controlling for the amount of
maternal behavior. The finding points to the proclivity
of infants by 3 months to resonate to others who are
attuned and reciprocate in terms of affect and timing.
Such sensitivity at the affective and attentional level is
an important step in the direction of communicative
development (Jaffe, Beebe, Feldstein, Crown & Jasnow,
2001).

General discussion

The findings of  the current series of  studies provide
support for theories on the role of contingency detection
in social development between 1 and 3 months of age.
Watson and colleagues (e.g. Gergely & Watson, 1996;
Watson, 1994) have proposed that in the first 2–3 months

of life, human infants prefer perfect contingencies,
whereas after 3 months of age they seek out high but
imperfect contingencies. Consistent with this hypothesis,
results show a general developmental trend of a sensitivity
to social contingencies by 3 months of age as 3-month-
olds distinguished between social interactions that differed
in their degree of imperfect contingency, whereas 1-month-
olds did not.

We propose that by 3 months of age, infants are select-
ively attuned to their mothers. Bigelow (1998) showed
that 4–5-month-old infants distinguished between familiar
and unfamiliar levels of social contingencies and were
more responsive to familiar levels. In the current study,
3-month-olds smiled more at their mothers in the Normal
compared to the Imitation and Non-Contingent condi-
tions. In the Normal interaction mothers likely provided
a familiar degree of contingency, whereas magnitude of
contingency was likely higher than the familiar level in
the Imitation and lower in the Non-Contingent con-
dition. Notably, sensitivity to differing degrees of social
contingency is necessary for developing a preference for
parental contingency levels.

The current findings highlight important developmen-
tal transitions taking place within the dyad and demon-
strate such changes at the behavioral level. However, it is
important to note that the experimental session was
short in general, and that future research should assess
if  such sensitivities can be manifested in infants younger
than 3 months of age using a longer interactive period.
Also, given the short duration of the conditions, the
design of the study is not optimal to assess directionality
and reciprocal imitation in general.

Clearly, further research is needed to assess how
dyadic reciprocal interactions, based in part upon a sen-
sitivity to social contingencies, engender an awareness of
intentional relations, and aspects of social learning that
may be unique to humans (see Tomasello, Kruger &
Ratner, 1993). Recent studies on the neural mechanisms
of affect sharing between individuals (e.g. empathy)
show high similarity between imitation and observation
of  various emotions (e.g. Carr, Iacoboni, Dubeau,
Mazziotta & Lenzi, 2003). Assessing how such networks
develop in ontogeny and as a function of dyadic inter-
action will likely be key in understanding how unique
aspects of human cognition emerge. It has been suggested
that the motivation to share affect and attention with
others is unique to humans and might precipitate skills
such as language and imitation (Hobson, 2002). The
current studies suggest a transition in the sensitivity to
various aspects of social contingencies, including imitation
and affective-reciprocal attunement. The findings might
be instrumental in establishing when infants might be at
risk for social cognitive impairments in general.
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For instance, research showed that children with autism
prefer to attend to perfect compared to imperfect con-
tingencies. Typically developing children, however, prefer
to look at imperfect contingencies at least by the middle
of the first year (Gergely et al., 2000). Thus, understand-
ing these early developmental transitions between 1 and
3 months of age might be key in predicting understand-
ing of some social-cognitive deficits. Interestingly, autism
is generally related to deficits in a range of social cognit-
ive skills such as language, imitation and joint attention
(Carpenter, Pennington & Rogers, 2002; Charman &
Baron-Cohen, 1994; Mundy, Sigman & Kasari, 1994;
Rogers, 1999), all of which require a sensitivity to social
contingencies to some degree.

The current study highlights a possible transition in
development between 1 and 3 months of age. Research
is needed to further document this transition, for instance
to establish if  the finding is due to the nature of the
paradigm or to development. This is especially import-
ant given the null results of Study 1 with 1-month-olds
(see also Bigelow & DeCoste, 2003; Rochat et al., 1998).

If  the general phenomenon is replicated in other
experimental contexts, and if  these findings suggest
that a sensitivity to social contingency develops between
1 and 3 months, the obvious and essential question
remains – what developmental processes account for this
social transition? Does social experience play an integral
role, or might more general maturational factors preci-
pitate these changes, likely in interaction with social
experience? The current findings provide some direction
for future research on the topic of social contingencies
and on the motivation to communicate with others in
general.

Overall, the current work provides further evidence
for a hypothesized shift in infant sensitivity to social
contingencies that is clearly manifested at 3 months and
not at 1 month of age (at least not in the paradigm
employed here). Further research is needed to determine
the mechanisms that are responsible for this transition,
and the possible relation between these sensitivities and
later emerging social cognitive skills.
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