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ABSTRACT: The hypothesis is advanced that behavioral and physiologic
resilience develops in part from infants’ and young children’s experience
coping with the inherent normal stress of daily life and social interaction.
Data on the stress of normal social interactions and perturbated inter-
actions from the Face-to-Face Still-Face Paradigm (FFSF) are presented
for young infants. These findings, including behavioral, heart rate and
vagal tone, and electrodermal reactivity demonstrate the stress inher-
ent in normal interaction and how coping with normal stress develops
infants’ coping with more intense environmental and social stressors.
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Michael Rutter1 has defined resilience as individual variation in the relative
resistance to environmental risk experiences. Though many factors affect the
development of resilience, I want to advance the hypothesis that behavioral
and physiologic resilience develops in part from infants’ and young children’s
experience coping with the inherent normal stress of daily life and social inter-
action. This hypothesis, which we call the normal stress resilience hypothesis,
is framed by a dynamic systems perspective on development of behavior and
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the brain and the processes that regulate development, in particular the interac-
tive communicative engagements between infants/children and caretakers that
regulate stressful experiences. In this article I will present a dynamic systems
perspective on development, the mutual regulation model (MRM) of the child-
caregiver communicative exchanges, and recent behavioral and physiologic
data from my laboratory on the nature of the interactive process. The normal
stress resilience hypothesis begins with the idea from a dynamic systems per-
spective and supported by empirical evidence that stress inevitably and ubiq-
uitously travels with normal developmental change and paradoxically stress
also travels with the interactive regulatory processes that regulate the stress of
developmental change.2,3 Second, based on developmental theory and empir-
ical evidence of behavioral and brain plasticity it argues that as a consequence
of coping with normal developmental and regulatory stresses children develop
both new coping capacities and increase the effectiveness of their capacities
for resisting normal and even more intense nonnormal (traumatic) levels of
stress. Furthermore, that individual variation in children’s relative resistance
to stress—their resilience—is in part determined by the unique experience of
success or failure of each child in coping with normal stressors.4

An analogy for this normal stress resilience hypothesis is training for a
marathon. Runners do not run marathon distances to train for a marathon.
They run a specific amount each day and week and increase the distance
over the course of weeks and days. However, it is not until they actually run
the marathon that they run the full distance. The earlier training leads to the
development of the capacity to extend themselves to the full distance. The
daily training in a sense developed their coping capacities such that they had
the resilience to go the full distance. Of course, without the training had they
tried to go the full—traumatic—distance they would have failed.

COMPLEXITY AND DISSIPATION IN OPEN SYSTEMS

Prigogine and Stengers5 state that a primary principle governing the activities
of open biological systems is that they must acquire energy from the environ-
ment to maintain and increase their coherence and complexity, their distance
from entropy. The energy must have a particular form to be useful (i.e., what
Sander6 calls fittedness for the organism). For example, though the food that
prey eat has plenty of energy, if predators eat it, they cannot utilize the energy—
it has no metabolic fittedness, no “meaning” for the animal. Complex systems
are systems that have a hierarchical organization operating at multiple size and
temporal scales and they are information-rich with local contextual interac-
tions. Complex systems exhibit emergent properties at different levels that are
neither fixed nor chaotic. Self-organizing processes generate these emergent
properties and lead to an increase in the complexity of the system, but there are
always limits on a system’s maximum complexity. Mature and healthy open
biological systems are in a dynamic state of organization that approaches these
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limits, such that the mature organism attempts to garner energy to maintain and
optimize its level of coherence and complexity. However, in mature systems
emergence of new properties is limited and variation in the relative complexity
among individuals is primarily related to the success or failure in gaining fitted
energy. Furthermore, for mature organisms, self-organized maintenance of
complexity becomes increasingly energetically demanding and when there is
a failure to achieve sufficient amounts of energy the system begins to dissipate
and lose complexity. In the extreme there is shift to a less complex state or
phase. Baltes et al.,7 for example, argue that aging is a losing fight against the
dissipation of complexity within an already achieved state of organization and
an inevitable shifting into a lower state of organization, such as death.

In contrast to the mature system, the developing organism is in a time lim-
ited period in which the second law of thermodynamics is locally violated.
For a developing organism the developmental process is aimed at increasing
and optimizing complexity. This aim has high energetic demands because the
organism must garner sufficient energy to maintain its level of complexity and
to make state and phase shifts to higher levels of complexity and coherence.
Successful developing systems manifest emergent properties as well as direc-
tionality, that is, movement toward optimization of complexity and coherence.
However, making stage and phase shifts are unpredictable and the shifts are
potentially dissipative. Dissipation is possible because of how a complex sys-
tem is organized and changes. The organism exists as a coherent assemblage
of many interacting elements with both constitutive and integrative levels. At
the point when a system is about to shift into a new emergent phase, it is close
to a chaotic edge and the transition is inherently unstable. Failure to make the
shift is dissipative; that is there is loss of complexity and increase in entropy.

In a typically developing system in a typical environment failure is unlikely,
yet even in systems that are successfully increasing their complexity there is
the necessity of disorganizing the extant state and assembling a new state. The
disorganization of the extant state during a transforming transition is always
associated with a loss of complexity and coherence. Thus there is a paradox
of the emergence of the new: it is at one and the same time fulfilling the first
principle of increasing complexity and at the same time threatening dissipation.
The system is both optimizing and imperfecting itself and the outcome is
unpredictable until it coalesces. As we shall see, these changes at both the
macrolevel of development and the microregulatory level are stressful.3

Humans have developed an exceptional (though hardly unique) way to gar-
ner more energy from the environment and avoid dissipation by forming a
dyadic regulatory system. The MRM attempts to describe the operation of this
dyadic system.8 In the MRM there is a working together of two individuals
such that they form an integrated dyadic system for acquiring energy. Though
a dyadic system of course has limits, it is able to garner more resources and
become more complex than either individual would be able to garner or to
achieve on their own. As a component in a dyadic system each individual can
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appropriate energy to itself and consequently increase its own complexity. For
the infant and young child, the disorganization that comes with increasing com-
plexity and associated dissipation is dyadically regulated by the microtemporal
interplay of the infant/child’s self-organizing capacities and external organiz-
ing input provided by an adult (caretaker) system. The interplay of internal and
external organizing capacities is regulated by a bidirectional communicative
system that can be conceptualized as interchange of signals and receptors, but
for humans both the child and adult simultaneously and sequentially play both
roles. This simultaneous and sequential shifting of roles makes the workings of
this dyadic system astonishingly complicated. When the interplay or coordina-
tion of signaling and reception is adequate the infant/child and adult/caretaker
form a more complex dyadic system made up of two major component sys-
tems from which each appropriates fitted energy and as a consequence gains
in complexity. But even when successful the process is stressful because there
is a loss of complexity as the old organization is dissembled and because of
the unpredictability of the outcome. Of course the stress is even greater when
the system is unsuccessful and complexity is lost.

DEVELOPMENT AND ITS REGULATION

Development is one source of stress because it does not proceed smoothly
but is characterized by periods of disorganization in one domain to new more
coherent forms of organization within that domain (e.g., changes in motor
systems for mobility; see Refs. 9 and 10, in particular chapters by Plooij and
Trevarthen). Periods of disorganization are an inherent characteristic of de-
veloping self-organizing systems. They can be thought of as the “avalanches”
of Bak’s11 sand pile model from which new organization emerges from self-
organizing processes at the edge of chaos. Adding to the complexity, the disor-
ganization of one system disorganizes other systems. For example, the infant
who is beginning to change from crawling to walking not only becomes disor-
ganized motorically, but other systems such as sleep/activity cycling, emotions
and mood, and even perception become disorganized as well (see FIG. 1). As
with temperature regulation, a portion of the task of regulating this disorgani-
zation falls to the internal self-organizing resources of the infant. However, the
infant’s resources are inadequate to the task and must be supplemented by ex-
ternal regulation. Without external caretaker provisioned regulatory resources
development would be derailed. Under normal circumstances the formation
of a dyadic regulatory system, a combination of internal and external pro-
cesses, is adequate to meet the regulatory demands and development moves
forward. However, when the dyadic system fails, when internal and external
resources are inadequate, development may be seriously disrupted. Disorgani-
zation increases and coherence and complexity are lost. Note however, a critical
feature of the model is that disorganization is part of the normal process. It is
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FIGURE 1. Normal development involves a disorganization from Time 1 to Time 2
and this disorganization will disorganize other functions.

necessary for the emergence of something new and for an increase of com-
plexity and coherence—disorganization is the wellspring of change and the
new. But again, change is costly.

DYADIC REGULATION: THE WORKINGS OF THE
MICROTEMPORAL REGULATORY PROCESS

What is the structure of the microtemporal communicative processes, which
in the accumulation of moment-by-moment interchanges, regulates develop-
ment and leads to the growth of complexity. The development of walking
takes months but it is worked on during millions of moment-by-moment ex-
changes. To understand mutual regulation I want to start with an example far
from macrodevelopmental processes as well as the issue of resilience—infant
temperature regulation. I choose this example because it illustrates the dyadic
regulatory process for a psychobiological state that is most typically seen solely
as a self-organized process.

Temperature regulation is a process governed by a simple rule: maintain
homeothermic status but it leads to complex system behavior.12 Fulfilling
the rule is complicated and this regulatory system is hierarchically orga-
nized with a multitude of subsystems from metabolic processes to behavioral
systems. It is a system that operates to maintain equilibrium, and though it
changes with development (e.g., the loss of brown fat) and is influenced by
environmental factors (e.g., the increase in capillary networks in the hand in
cold environments), its change and development is limited compared to other
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psychobiological systems (e.g., respiratory systems, motor systems, or coping
systems). Infants have self-organizing capacities to upregulate a below normal
temperature, such as increasing their activity level, preferentially metabolizing
high energy brown fat, or moving into less energetic behavioral states (e.g.,
sleep). But these self-organized capacities are limited and immature, and will
eventually fail, an especially quick event for infants with their high surface-
to-volume ratio. Such failure is obviously stressful. However, though Claude
Bernard saw temperature regulation as a within-individual process, it is not. It
is a dyadic process.

Infants’ self-organized regulatory capacities for operating on temperature
control are supplemented by external regulatory input by caregivers that is
specifically fitted to overcome the infant’s limitations.13 For example, care-
givers place infants against their own chests and share their body heat with their
infants, which in turn reduces their infants’ surface heat loss. This dyadic regu-
latory process itself is guided by communicative signals from the infant. These
communicative signals convey the state of the infant to a receptive caregiver.
When done successfully the input provided by the adult is fitted (meaning-
ful) to the infant’s temperature regulatory system and the system becomes
dyadic and more coherently organized than the infant would be on his/her
own.

A major consequence for the developing organism of the formation of a
dyadic system, is that the capacity/effectiveness of its self-organized regula-
tory capacities actually will increase, such that later in development the infant
will be able to self-regulate temperature without as much external regulatory
scaffolding. One reason for the increase is because the energetic demands on
the infant are reduced and the saved energy can be channeled into the growth of
regulatory capacity. This increase in the self-organizing capacity of the individ-
ual by its participation in a dyadic regulatory system is not unlike Vygotsky’s14

concept of the zone of proximal development. By contrast, were the formation
of a dyadic system to fail, the infant would lose control of his temperature,
and his homeostatic state would dissipate. When the failure is chronic the in-
fant’s self-regulatory capacities might maintain themselves at a cost to other
systems but there would be no energy for growth of regulatory capacity. The
system would lose complexity and coherence and eventually move to a less
complex state of organization. Keeping this dyadic model of temperature in
mind, let us examine the process of development and the microtemporal dyadic
communicative system that regulates it.

The perspective is based on the MRM and empirical work examining the
organization of the regulatory process.8,15,16 The MRM stipulates that care-
givers/mothers and infants/children are linked subsystems of a dyadic system
and each component, infant and caregiver/mother, regulate disorganization
and its costs by a bidirectional process of behavioral and expressive signaling
and receiving. However, the communicative process between the developing
human and the adult is inherently imperfect, unstable, and unpredictable. The
infant signals to the caregiver may vary one moment to another. The caregiver’s
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reception of them and of course the caregiver’s input to the infant also varies.
Moreover, the infant signals that worked one time may not work the next time,
and the same is true for the caregiver’s response. Thus the mutual regulatory
process is “messy” and energetically costly. Nonetheless, over time it is likely
that the activities that work more often will become more and more a part of the
workings of the dyadic regulatory process, the process will become less costly,
and energy will be freed up for growing self-organized regulatory processes
and increasing self-system complexity.

THE FACE-TO-FACE STILL-FACE PARADIGM: A SOCIAL
STRESSOR ON BEHAVIOR AND PHYSIOLOGY

To study the dyadic microregulatory process, I developed the Face-to-Face
Still-Face Paradigm (FFSF).17 The FFSF confronts the young infant with three
interactive contexts: (i) an episode of “normal” face-to-face social interaction
with a caregiver (typically the mother) during which the caregiver is asked to
play with the infant, followed by (ii) a SF episode, during which the caregiver
is instructed to keep an unresponsive poker face and not smile, touch, or talk
to the baby, followed by (iii) a reunion episode during which the caregiver and
infant resume face-to-face social interaction. Each episode typically lasts 2
min. The paradigm has primarily been used with infants ranging in age from 2
to 15 months, with a mean age of 5.2 months,18 but a modified form has also
been used with 30-month-olds and even with adults.

The FFSF paradigm demonstrates the costliness of the stress of an experi-
mental disruption of the mutual regulatory process, and as I will show it serves
as a model for the stress inherent in normal interactions. The FFSF exposes
infants to a unique social-emotional stressor (maternal SF) that differs from
inanimate stressors as well as typical forms of social interaction and elicits
well-documented emotional reactions and stress in infants. Over the past 25
years, hundreds of infants have been videotaped in FFSF paradigm.17 The FFSF
has proven to be a fruitful methodological tool for evaluating young infants’
ability to cope with an interactive perturbation and an emotional stressor.17–23

Infants typically respond to the SF with what Adamson and Frick have
labeled the “still-face effect”18 (FIG. 2). In study after study, infants respond
with a signature decrease in positive affect and an increase in negative affect
and gaze aversion.20,23,24 In studies using microanalytic signal scoring systems,
infants have additionally been shown to react to the SF with an increase in
visual scanning, pick-me-up gestures, distancing behavior such as twisting and
turning in their seat, and autonomic stress indicators such as spitting up.23–27

The “still-face effect” is seen with infants and children over a wide age range.
Gender differences have been found in young infants’ reactions to the FFSF.
For instance, in a study from our lab,27 6-month-old male infants had more
difficulty than female infants in maintaining affective regulation during the
FFSF.
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FIGURE 2. The sequence from A–D illustrates the still-face effect. In A the infant
looks at the still-faced mother. He turns away in B but glances at her in C. In D he loses
postural control and self-comforts.

Infants’ neurophysiologic reactions also index the stressfulness of the FFSF.
Whereas heart rate reflects degree of physiological arousal, respiratory sinus
arrhythmia (RSA) reflects neural regulation of the heart via the vagal nerve,
and is sometimes measured in terms of vagal tone (VT), an index of cardiac
activity related to respiratory function mediated by the parasympathetic ner-
vous system.28 Changes in RSA reflect a functional relation between the central
nervous system and the heart as mediated by the vagus29,30 and are thought
to serve an important regulatory function in human social engagement.30,31

The regulation of vagal control of the heart is associated with the ability to
engage and disengage with people and objects in one’s environment. High
RSA measured at rest reflects a baseline of neural integrity and a readiness
to respond to social engagement or the environment. Prior research32–35 has
shown that higher RSA measured at rest is related to less negative behavior
and less difficult temperament in infants and preschoolers.32,35,36 Moreover, a
decrease in RSA is thought to reflect an individual’s active coping in reaction
to stressors or an increase in attention to (or engagement with) the environ-
ment. For instance, greater suppression of RSA during challenging situations
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is related to better state regulation, greater self-soothing, more attentional con-
trol, and greater capacity for social engagement.32 In contrast, a deficit in the
ability to suppress RSA in challenging contexts may be related to a lack of
behavioral and emotional control.37,38 In general, the research is consistent
with a view that RSA is an index of the manner in which an individual actively
engages with the environment and regulates emotion and behavior in the face
of environmental challenge.30,39–41

Only a few studies have evaluated changes in infants’ RSA during the FFSF.
In a prior study in my lab using the FFSF with 6-month-olds,23 infants’ VT
dropped significantly during the SF episode compared to the first play episode,
and recovered to baseline levels in the reunion episode. Also, in my laboratory,
Jacob Ham has recently replicated these findings of a suppression of VT to
the stress of the SF.89 Similar findings were reported in a study evaluating
stranger–infant interaction using a modified version of the FFSF.42 Using a
modified version of the FFSF paradigm, Haley and Stansbury43 found an
increase in infants’ heart rate during each SF episode (VT was not evaluated). In
a study of 3-month-olds, Moore and Calkins, and Moore et al.28,44 investigated
changes in infants’ VT, heart rate, and behavioral reactivity during the FFSF
and found that infants exhibited decreased VT and increased heart rate and
negative affect during the SF episode, indicating physiological regulation of
distress. Of note, individual differences in VT reactivity were also observed.
Infants who did not suppress VT in the SF evidenced less positive affect,
higher reactivity, and lower VT during the play and reunion episodes with their
mothers.

In an innovative and unique as aspect of his study, Ham successfully utilized
skin conductance with infants as a measure of the activation of the sympathetic
nervous system to the FFSF paradigm. This measure had long been thought
not to be usable with infants. Ham developed sensors for use with infants that
could be bound to the soles of their feet eliminating much of the movement
artifact and with modern computer technology and programming was able to
get clean and stimulus responsive measures. The development of this technique
is an important contribution because it provides a pure measure of sympathetic
nervous system control and another window into the functioning of the infant
nervous system. Ham found that skin conductance increased from the first
play episode to the SF episode and that it further increased in the reunion play
episode. These findings substantiate the arousing and stressful effect of the
SF as well as the cost of recovering from it in the subsequent normal play
episode. These findings parallel behavioral findings indicating that infants’
arousal (e.g., levels of negative affect) are higher in the reunion episode than
in the first play episode.

In another methodologic advance, Ham was also able to simultaneously
record VT and skin conductance from the mothers during the FFSF episodes.
As was the case for the infants, the mothers’ reactions demonstrated the
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stressful nature of the SF. Furthermore, in results similar to the relations found
between the behavioral signals of infants and mothers during the FFSF, there
were relations between infant and maternal physiologic reactions. For exam-
ple, there were significant positive relations between infant and mother skin
conductance, positive relations between infant heart rate and maternal skin con-
ductance, and infant VT and maternal heart rate. These results are suggestive
of mutual regulation of physiology by infants and mothers not unlike the rela-
tions seen in their behavior or the relations seen in animal studies.

The reactivity of the hypothalamic-pituitary-axis (HPA) as measured by the
level of glucocorticoids also has been examined using the FFSF paradigm.43,45

Similar to the view based on animal work,46–48 HPA activity in humans is
viewed as a measure of the stress response as well as a regulator of emotional
and social behavior. For example, Gunnar et al.,49,50 utilized pre- and post-
salivary cortisol reactions as a measure of infant stress and found that stressful
events such as inoculations lead to an elevation in infants’ cortisol levels.
Though the relation between cortisol response and stress is now viewed as more
complicated than originally thought, peak cortisol response is still seen as an
indicator of physiologic reactivity.51 In a recent review of the relation between
acute stress and cortisol reactivity in adults and older children, Dickerson and
Kemeny52 conclude that perceived uncontrollable social threat to the self are
strongly predictive of cortisol reactivity. Although this interpretation is based
on the adult and older child literature, it theoretically could be applied to
infants confronting the SF, which is an uncontrollable and possibly threatening
event.

Several recent studies have examined infants’ cortisol reactivity during the
FFSF. Ramsey and Lewis45,53 found a significant but modest increase in cor-
tisol level in 6-month-old infants following exposure to the SF. However, they
found no significant association between peak cortisol response and response
dampening or behavioral reactivity. In a second study, Lewis and Ramsey45

found that peak cortisol response was related to infants’ expressions of sadness
but not anger. Haley and Stansbury43 evaluated 5- to 6-month-olds’ behavior,
heart rate, and cortisol reactivity during a modified FFSF in which infants
were exposed to two SF and two reunion episodes to increase the stress level
and likelihood of a cortisol response. Infants exhibited a significant increase in
heart rate and cortisol response. The different measures of reactivity were not
highly correlated although higher baseline cortisol was positively correlated
with more infant negative affect during the SF. Others have also reported a
lack of tight coupling among behavioral and physiologic reactivity measures
during infancy.45,54,55 Moreover, the level of cortisol change reported in these
studies was relatively modest, especially in comparison to the cortisol changes
observed in the animal literature, which show an inverted U-shaped relation
between cortisol and memory.56,57 In sum, the SF demonstrates that breaking
the mutual regulatory process is a powerful psychobiologic stressor and that
the infant has self-organized capacities for coping with it.
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THE EFFECTS OF REPARATION ON DEVELOPMENT

The SF is an experimental paradigm and though it may be thought of “un-
natural,” a lack of regulatory reception-signaling between mother and child
often occurs (e.g., a lack of response to the infant when the adult is driving in
a car, talking on a phone, or being out of proximity to the child) suggesting
that the infant is often exposed to stressful experience. More importantly, the
FFSF paradigm actually serves as a model for normal interactions and the
stress that accompanies them. The FFSF paradigm has an experimentally in-
duced miscoordination or mismatch in the interaction of the mother/adult and
infant (i.e., the infant attempting to interact and the mother “refusing”) and
their reestablishment of coordination in the reunion play. The mismatch and
match of the FFSF has a time course of minutes but in our research on normal
face-to-face and play interactions we have found a pattern of matching and
mismatching of behavior, affect, and communicative expressions at the mi-
crotemporal level (tenths of a second) of the mutual regulatory process. These
mismatches are inherent to the interaction because of: (i) the speed at which
signals are emitted, (1–4 times per second); (ii) the demands on infants’ and
adults’ receptor apparatus to detect and decode the signals; (iii) the response
time demands, again on the order of tenths of a second; (iv) the occurrence of
miscues; (v) the likelihood of missed signals given their rate of occurrence;
and (vi) the mismatching of intentions between the interactants and changes in
their intentions as affected by their ongoing interactive state.58–62 In addition,
add to these reasons the fact that the child has limited and immature regula-
tory, behavioral, and attentional capacities and the likelihood of mismatches
and miscoordinations become quite high. In our studies, we have found that
periods of mismatching make up as much as 70% or 80% of the interaction63.

Importantly, using the SF as a model, the microtemporal mismatches are
microstressors and are associated with negative affect (FIG. 3). By contrast,
matching states are associated with positive affect, though at high intensity
they too can be stressful. The level of stress associated with mismatches is of
course small compared to the stress induced by the SF and it is also of shorter
duration. However, these mismatches and microstressors occur frequently, on
the order of 4–10 times per minute. The interaction moves from matching to
mismatching states and back again; that is, from positive affective nonstressful
microstates to negative affective microstressful states at a very high rate. I have
labeled the change from a mismatching to a matching state a repair because it
leads to a change of negative to positive affect and a reduction in stress.64 A
metaphor is to think of dancing with lots of miscoordinations such as stepping
on toes, but the dancers are wearing socks and they quickly get off each others’
feet. The interaction is stressful, but in successful interactions the stress from
mismatches, miscommunications, and misattunements is quickly repaired and
over time matches again become miscoordinated and stressful, and again they
are re-repaired. Critically, the process of mismatch and stress, reparation, and
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the reduction of stress literally occurs thousands of times in the course of a day
and millions of times over the course of the year such that as the microeffects of
matches, mismatches, and reparation accumulate they have profound effects.

THE INDUCTION OF RESILIENCE AND
INDIVIDUAL DIFFERENCES

How does the experience in normal interactions of matching and mismatch-
ing and reparation lead to resilience? And how is individual variation in re-
silience induced? The normal interactive stress hypothesis is that the repara-
tion of interactive mismatches and associated stress has a powerful inducing
effect on resilience (capacity to regulate or resist stress), and that the repara-
tion process helps shape individual differences in resilience.65 In interactions
characterized by normal rates of reparation, the infant learns which commu-
nicative strategies are effective in producing reparation and consequently ef-
fective in reducing stress. The infant also learns new self-organized ways of
coping that are effective in reducing that stress, for example, averting gaze
from a stressor or engaging in self-comforting behaviors. With the experi-
ential accumulation of successful reparations, and the attendant transforma-
tion of negative affect and stress into positive affect, the infant establishes
a robust positive affective core (Emde 1983).8 A positive affective core bi-
ases experience by increasing the likelihood that an event is experienced as
positive rather than as negative and stressful; in other words, an optimistic,
implicit attitude about events. Importantly, the infant also learns that he or
she has control over social interactions. Specifically, the infant develops a

FIGURE 3. Normal interactions are characterized by periods of matching in which
both partners (infant and adult) do the same behaviors and have the same intentions and
periods of mismatching in which they do different behaviors and have different intentions.
Matches are accompanied by positive affect and mismatches by stress and negative affect.
Moving from a mismatch to a matching state is a reparation and reparations have positive
developmental effects whereas failures of reparation have negative consequences.
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representation of himself or herself as effective, and of his or her interac-
tions as positive and reparable. He or she also learns that the caretaker is
a reliable and trustworthy regulatory partner. These representations are cru-
cial for the development of a sense of self that has coherence, continuity, and
agency and for the development of stable and secure relationships, all of which
add to resilience (Tronick, 1980; Tronick, Cohn & Shea, 1986). Thus a child
who has a normal range of interactive experience develops robust resources
and resilience for confronting stressors and effectively coping with them.
By contrast, we know that infant animals and humans who have confronted
overwhelming stress early in development fail to develop normally. And while
we refer to these situations with a single word such as deprivation, the effect
actually emerges from millions of reiterated moments in which reparation fails
to resolve the stress.

Research supports the hypothesis that individual differences in resilience in
part emerge from different experiences with stress and reparation at the mi-
crotemporal level. Research has demonstrated short- and long-term stability
in infants’ reactions to the SF. Tronick and Gianino 63 found significant stabil-
ity across a 10-day period in infant signaling, attention, and self-comforting
at 6 months of age. Recently, Tronick et al.66 found short-term stability in
6-month-old infants’ behavior between the administrations of the FFSF 2 weeks
apart. The proportion of time infants spent averting from the mother, looking
at objects, socially attending to the mother, and playing with the mother were
significantly correlated over time. Moore et al.44 evaluated stability and change
in infants’ negative and positive affect and gaze away from mother in response
to the FFSF at 2, 4, and 6 months. Although there was no stability in infant
positive affect, there were stable individual differences in negative affect from
4 to 6 months and in gazing away from 2 to 4 months and from 4 to 6 months.
Similarly, Shapiro et al.67 evaluated stability and change in the FFSF from 3
to 6 months. They found cross-time stability in infants’ expression of interest
and joy and in prepointing behaviors. In addition, Rosenblum and Muzik68

recently reported stability in infants’ positive and negative affective responses
during the SF from 7 to 15 months of age.

Neurophysiologic measures have been found to be stable and related to in-
teractive experiences. In typically developing children, measures of VT exhibit
small-to-moderate levels of stability across contexts and over time during in-
fancy and early childhood.34,40,42,69–75 Individual differences in VT have been
reported, which are associated with observations of infants’ negative behavior
during challenging tasks, although the correlations between infants’ physio-
logical and behavioral responses are typically not high.70,76,77 In a study of
3-month-olds, Moore and Calkins, and Moore et al.28,44 investigated changes
in infants’ VT, heart rate, and behavioral reactivity during the FFSF. They
found individual differences in VT reactivity. Infants who did not suppress VT
in the SF evidenced less positive affect, higher reactivity, and lower VT during
the play and reunion episodes with their mothers. Calkins and Keane77 found
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that children who displayed a pattern of stable and high VT suppression dur-
ing challenging tasks from 2 to 4 years of age were less emotionally negative,
and had fewer behavior problems and better social skills than other children.
Investigators have also observed that children exhibit decreased VT during
attention-demanding activities indexing individual differences in how an indi-
vidual actively engages with the environment and regulates emotion and be-
havior in the face of environmental challenge.30,39–41 Gunnar et al.71 found that
newborns’ VT measures were related to their distress to limitations
(frustration) at 6 months of age, as assessed via maternal report. In a study
examining the relation between VT and later compliance in 5-, 10-, and 18-
month-old infants, Stifter et al.75,78 found that the younger infants’ VT was
related to their later noncompliance at 18 months. In a second study using a
modified stranger-infant FFSF procedure with 5- to 6-month-olds,42 infants’
VT and behavioral responses were correlated across different episodes of the
FFSF.

There are also individual differences in cortisol reactivity. Ramsay and
Lewis53 collected saliva samples from 33 infants at 2, 4, 6, and 18 months of
age before, immediately before and 20 min after routine inoculations. When
infants were divided into low-, moderate-, and high-reactor groups, significant
correlations were found, indicating that infants within groups retained their rel-
ative rank-ordering in reactivity from 6 to 18 months of age. Nachmias and
colleagues,79 observed 18-month-olds in two moderately stressful procedures
administered 1 week apart. Significant cross-age correlations were found be-
tween the baseline levels and the peak responses. Goldberg et al.80 examined
the stability of cortisol reactivity 1 week apart in 12- to 18-month-old infants.
The stressors used were Ainsworth’s Strange Situation and a “coping” task in
which three novel events were presented to the infant (e.g., a noisy clown).
Baseline levels of cortisol were collected at home, and in the lab cortisol was
assessed repeatedly (20–40 min) after exposure to the stressors. Significant sta-
bility was found for the cortisol measures made within each stressful context.
In a study of low-income preschoolers,81 multiple measures of cortisol made
on the same day were significantly correlated. Taken together, these findings
indicate that infants’ cortisol response to stressors shows moderate short-term
stability.

These findings of stability in infants’ behavioral and physiologic reaction
to the SF and other stressors help us to understand the findings on the devel-
opment of infants of depressed mothers and how a lack of reparation affects
resilience.82 Infants of depressed mothers experience fewer interactive repara-
tions and can be under chronic stress. These infants develop self-organized pat-
terns of coping that include looking away during interactions and higher levels
of self-comforting to help reduce stress, but the cost is evident in higher levels
of negative affect and less engagement with the inanimate environment. Their
negative mood and disengagement compromise their interactions with others
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and their cognitive capacities with the consequence of compromising their de-
velopment and making them less resilient. Furthermore, we have found that
infant sons of depressed mothers are more stressed by their interactions with
their mothers than are infant daughters.83 These findings make sense given our
studies showing that infant boys of clinically normal mothers are more stressed
by the SF than are infant girls. Thus the coping of all infants is affected by the
chronic moment-by-moment stress of their interactions with their depressed
mothers and a lack of reparation, with the boys being more stressed because
they have less ability in general to self-regulate stress compared to girls. We
believe that this inability to self-regulate continues to compromise boys’ as
contrasted to girls’ experience with reparation, resulting in more disorganized
behavior and coping by boys throughout development.

There is a well-established relation between infants’ early experience and
their coping and resilience to challenges. Much of this literature is about the
quality of infants’ and young children’s attachment relationship. The attach-
ment relation, secure, ambivalent, avoidant, or disorganized, can be viewed
as indicating the ways in which young children cope with stress, in particular
the stress of separation from their primary caregiver (i.e., mother). The se-
cure child, for example, has multiple strategies for dealing with stress whereas
the disorganized child is overwhelmed by stress. In clinically normative stud-
ies, infants’ reactions to the SF as well as to the normal FF interactions are
predictive of infants’ security of attachment. The infants’ reactions to the SF
are thought to index infants’ accumulated experience with their mothers. For
example, infants who repeatedly solicit their mothers’ attention during the SF
and are positive during the normal interaction have learned to trust their moth-
ers and to expect positive interactions with her. Supporting this interpretation
in a recent study Fuertes found that the quality of the mothers’ reactions to their
infants during play as well as the infants’ reactions to the SF were predictive
of infants’ attachment security.93

There is also a large literature demonstrating the relation between early ma-
ternal sensitivity in caretaking and infants’ coping with separation from the
mother. Indeed it is widely accepted that sensitive caretaking is a primary fac-
tor affecting the quality of an infant’s attachment to their mother. Importantly,
recent research by Beebe and her colleagues,84 and by Belsky,85 demonstrates
that sensitivity in the midrange is most predictive of infant secure attachments.
Midrange sensitivity is characterized by a pattern of mismatching and repa-
ration back to matching. In contrast, high and low sensitivity index a lack of
reparation albeit in different ways: low sensitivity reflects a lack of reparation
of long duration mismatches and high sensitivity reflects vigilance, too long
lived matching with little opportunity for reparation. Infants’ experience of
midrange sensitivity develops ways of coping with the stress of separation,
whereas infants experiencing low sensitivity are constantly overwhelmed by
stress and fail to develop ways of coping, and the high sensitivity infants do not
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confront a sufficient amount of stress to develop their own resources, but end
up relying on parental regulation to cope with stress. Thus normal interactive
experience with mismatching, reparation, and stress have a strong relation to
individual variation in the quality of infants’ capacity for coping with stress
and their resilience in the face of stress. Of course, when the infant is resilient,
the mother has a better chance to find the midrange because it is wider, than
the mother of a vulnerable infant whose midrange is narrow forcing the mother
into one extreme or the other.

CONCLUSIONS

The MRM and the normal interactive stress hypothesis argue that normal and
typical experience with reparation, matching, and mismatching has a profound
effect on the development of coping and individual differences in resilience
in the face of stress. The effects are not only behavioral but also neurophysi-
ologic as indicated by the research on the sympathetic, parasympathetic, and
HPA systems. These systems are not tightly linked, which allows for adaptive
flexibility in the face of stress (e.g., gaze aversion is a fast and less costly way
of coping with stress than is sympathetic nervous system activation) but all
of these systems are affected by moment-to-moment events and experience.
Though the literature is far too great to be summarized here, this normal inter-
active stress hypothesis also is strongly supported by the animal research on
the effects of stress on development of brain and behavior.57,86–88 I believe that
taking a normal interactive stress perspective on many animal experiments that
manipulate the environment (e.g., avoidance conditioning, handling, environ-
mental impoverishment, or enrichment) can give us a better understanding of
how stress has its long-term effects. Like the SF many of the manipulations
used in animal work serve to highlight the stress that is inherent, normal, and
typical in the animal’s environment. The SF in humans highlights the match-
mismatch-reparation process of normal interactions. Rats that are handled more
by humans develop coping capacities, not because handling by humans is spe-
cial but because the normal contact they have with other conspecifics, which
is mimicked by human handling, is the way they normally develop coping and
resilience. When the dominance hierarchy of a monkey troop is manipulated,
individual animals have to cope with the change, but it has its effects not be-
cause it is a dramatic manipulation, but because the manipulation mimics the
daily moment-by-moment experience of animals coping with dominance, and
that experience is one way in which they develop coping and resilience.

By contrast to normal stress manipulations, manipulations that are traumatic,
ones that exceed the individual’s capacity for coping, highlight the limits of the
system. Such traumatic experiences do not lead to resilience. However, indi-
viduals vary in what is or is experienced as traumatic based on their experience
with levels of stress that they have been able to cope with. The adage that what
does not kill you will make you stronger likely is not true. Rather, more likely
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is the hypothesis that a whole lot of small well-coped-with stressors make you
more resilient.

Fortunately, everyday life provides plenty of small stressors. The mature
organism has to cope with the stresses of garnering specifically fitted energy
to maintain their current level of complexity and coherence. Finding and ac-
quiring resources is one source of stress. In normal environments the stress is
not overwhelming. In the developing young human even more energy has to
be obtained to permit growth. Development itself is messy and unpredictable
and a source of stress. In normal development the stress is not overwhelming
and to meet these demands, humans have evolved a highly effective dyadic
(and larger) mutually regulated system for garnering energy for both main-
tenance and growth and for coping with stress. It is a system that is more
effective in garnering resources than individuals can gain on their own and
for regulating stressors individuals would not be able to regulate on their own.
Paradoxically, the interactive system in and of itself is inherently stressful but
normally is not overwhelming. As a consequence of coping with these normal
stressors all individuals’ develop and grow their coping capacities and their
unique experience with stressors makes for differences in resilience.
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