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INTRODUCTION
Emotion Regulation
Self-regulation – characterized by the ability to utilize multiple contingency rules
to guide behavior, sustain monitoring, and successively approximate standards of conduct
(Kopp, 1982) – plays an instrumental role in healthy child development. A wealth of
research has linked self-regulatory competence to positive outcomes across diverse
domains, including mother-infant attachment (Braungart-Rieker, Garwood, Powers, &
Wang, 2001), social competence (Lengua, 2002), school readiness (Graziano, Reavis,
Keene, & Calkins, 2007), and academic performance (Fuhs, Nesbit, Farran, & Dong,
2014). Given the wide reach of this overarching construct, self-regulation can be
decomposed into multiple subcomponents, which are dissociable yet interdependent;
primary among these is emotion self-regulation, or autogenous processes through which
emotions modulate other domains of functioning (i.e., behavior, cognition) or are
themselves regulated in pursuit of a goal (Blair & Ursache, 2011; Cole, Martin, &
Dennis, 2004; Thompson & Goodman 2010).
From a functionalist perspective, emotions represent biologically based processes
that support swift appraisal of circumstances and readiness to act in a goal-directed,
survival-oriented manner (Cole, Martin, & Dennis, 2004). Beginning at birth, distress to
pain is expressed through crying and signals the caregiver to protect the infant from harm
and/or provide comfort (Barr, Hopkins, & Green, 2000; Soltis, 2004). In addition to this
adaptive signaling function, emotions motivate the individual to act in a manner that will
sustain favorable conditions (Buss & Goldsmith, 1998). For instance, anger serves as an
impetus to explore alternate strategies to achieve a blocked goal. These signaling and
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motivational properties exemplify emotion as regulating other domains of functioning
(Cole, Martin, & Dennis, 2004). Yet emotions also need to be modulated; when
reactivity is too low or too high, regulatory function in other domains diminishes, and the
individual becomes less likely to self-regulate in an adaptive manner (Blair & Ursache,
2011.) Thus, the regulation of emotions themselves “consists of the extrinsic and
intrinsic processes responsible for monitoring, evaluating, and modifying emotional
reactions, especially their intensive and temporal features, to accomplish one’s goals
(Thompson, 1994, pp. 27-28).”
Emotion self-regulation, then, refers to the intrinsically generated components of
the aforementioned processes (Cole, Martin, & Dennis, 2004). For instance, internal
neuroregulatory systems – such as the hypothalamic-pituitary-adrenal axis and
parasympathetic, sympathetic, and central nervous systems – support the attainment and
maintenance of homeostatic inner states (Calkins, 1994; Cicchetti, Ganiban, & Barnett,
1991; Kopp, 1989). Similarly, self-initiated behaviors such as approach and withdrawal
allow individuals to modulate their engagement with an emotionally evocative stimulus;
cognitive capacities such as problem solving promote adaptive coping with emotionally
stressful events (Calkins, 1994; Kopp, 1989; Thomopson, 1994). Although the
development of emotion self-regulation appears to be related to maturational processes, it
is also supplemented and facilitated by external supports.
Extrinsic regulation refers to processes driven by other individuals (i.e.,
caregivers) or larger systems (i.e., the infant-caregiver dyad, families). For example,
early caregiving interactions characterized by high levels of sensitivity help infants
regulate stress arousal and promote future emotion self-regulation (Hane & Fox, 2006;
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Kim, Stifter, Philbrook, & Teti, 2014; Philbrook, Hozella, Kim, Jian, Shimizu, & Teti,
2014). In a similar manner, joint infant-caregiver regulation has been shown to soothe
infant distress (Stifter & Rovine, 2015) and facilitate the development of later selfregulation (Feldman, Greenbaum, & Yirmiya, 1999). Toddlers and children, in turn,
receive explicit training from caregivers on socially appropriate emotion expression and
management (Eisenberg, Cumberland, & Spinrad, 1998; Gottman, Katz, & Hooven,
1996). Given the importance of both intrinsic and extrinsic processes, the present study
aims to trace the development of emotion regulation over the first year of life with
particular attention to the shift from joint infant-caregiver to emotion self-regulation.
Emotion Regulatory Development
Although emotion regulation operates from birth, it manifests differently as an
individual matures. Thus, regulatory development unfolds as a process of differentiation
and reorganization in which components emerge sequentially and integrate with the
existing repertoire to generate novel abilities (Cairns, 2007). The following section
therefore outlines key stages of emotion regulatory development and the component
features of each stage (summarized in table 1).
Importantly, because development occurs across multiple social-ecological levels
(Gariepy, 1996), contributions of the child, the caregiver, and the child-caregiver dyad
are addressed. In keeping with this theoretical approach, increasingly mature emotion
self-regulation will be conceptualized as the product of a developmental cascade, or “the
cumulative consequences for development of the many interactions and transactions
occurring in developing systems that result in spreading effects across levels, among
domains … and across different systems (Masten & Cicchetti, 2010, pg. 491).”
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Individual-Level Emotion Regulatory Development
Emotion regulatory development occurs in concert with the emergence of
increasingly complex self regulatory capacities (Holodynski, Seeger, Kortas-Hartman, &
Wörmann). Thus, Kopp’s (1982) seminal, comprehensive theory of early self-regulatory
development provides an appropriate organizing framework for the extant literature on
emotion self-regulation from birth to the preschool years (Calkins, 2004; Kopp, 1989).
The section below therefore outlines the following developmentally progressive forms of
emotion self-regulation, based on Kopp’s (1982) framework: neurophysical modulation
of arousal (birth to 3 months), sensorimotor modulation of emotion (3 to 12 months),
emotion control (12 to 24 months), emotion self-control (24 to 36 months) and, finally,
mature emotion self-regulation (36 months +).
Infants enter the world equipped with nascent regulatory capacities. Specifically,
over the first 2 – 3 months of life, infants are considered to exert neurophysical
modulation of arousal (Cicchetti, Ganiban, & Barnett, 1991; Kopp, 1982, 1989).
Brainstem-related homeostatic systems generate cyclical changes that regulate internal
physiological states, which in turn regulate emotional arousal (Geva & Feldman, 2008).
For instance, brainstem-mediated circadian rhythmicity modulates the sleep-wake cycle
(Feldman, 2007b), and ascending brainstem pathways regulate states of alertness
(Colombo, 2001), both of which serve as substrates for later self-regulation (Bernier,
Carlson, Bordeleau, & Carrier, 2010; Garon, Bryson, & Smith, 2008). In addition to such
internal regulatory mechanisms, the young infant may also modulate arousal via active –
but reflexive – motor behaviors. Reflexive limb withdrawal in the neonate, for example,
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occurs in response to mechanical stimulation and offers protection from intrusive or
painful stimuli (Andrews & Fitzgerald, 1993). Other reflexive behaviors, such as the
hand-to-mouth movement coupled with non-nutritive sucking, may soothe infant distress
(Kopp, 1982, 1989).
Beginning at about 3 months of age, infants exert sensorimotor modulation of
emotion, characterized by voluntary sensory and motoric acts that are flexibly adapted to
meet changes in the environment (Kopp, 1982, 1989). Approach/withdrawal regulatory
behaviors, for instance, become increasingly tailored to contextual demands. For
example, when confronted with a threatening stimulus such as an unpredictable
mechanical dog, infants can effectively reduce fear by enacting withdrawal behaviors;
conversely, when faced with a barrier blocking an attractive toy, infants can effectively
decrease their anger by approaching and engaging with the barrier (Buss & Goldsmith,
1998). Also during this period, improved motor control expands the self-soothing
repertoire to include repetitive clasping and stroking of hands, feet, face and hair, which
may be employed to regulate both anger and fear (Crockenberg & Leerkes, 2004; Stifter
& Braungart, 1995).
Importantly, attention-orienting strategies emerge at this juncture as a means of
modulating engagement with emotionally evocative stimuli (Kopp, 1989). Infants as
young as 4 and 5 months, for example, briefly avert social gaze as a means of reducing
over-arousal during stimulating social interactions (Field, 1981; Stifter & Moyers, 1981).
At 5 and 6 months, infants have been shown to reduce anger by shifting visual attention
away from a source of frustration (Buss & Goldsmith, 1998; Stifter & Braungart, 1995).
Similarly, 6-month-old infants can effectively reduce – and even fully calm – fear by
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looking away from a novel stimulus (Crockenberg & Leerkes, 2004). Importantly,
multiple studies have demonstrated that infants show considerable developmental gains
in attention-orienting capacities across the sensorimotor modulation phase.
For example, in response to abrupt and distressing parental social disengagement,
infants have been shown to engage in gaze aversion at increasing rates from 2 to 6
months (Moore, Cohn, & Campbell, 2001) and from 3 to 6 months (Toda & Fogel, 1993).
Likewise, when crying infants were presented with an adult who refrained from holding
them, they showed decreasing attention to the disengaged adult from 3 to 7 months and
increasing gaze aversion from 5 to 7 months (Lamb & Malkin, 1986). Subsequently,
from about 6 to 12 months, infants demonstrate an increase in the more complex capacity
to both avert gaze from a fear-inducing stimulus and re-orient attention to a neutral object
(Mangelsdorf, Shapiro, & Marzolf, 1995). This change from approximately 6 to 12
months reflects the emergence of executive attention, a higher-order, voluntary attention
subsystem that regulates basic orienting and shifting functions to enable more advanced
forms of regulation (Garon et al., 2008; Rothbart & Rueda, 2005).
The maturation of executive attention by 12 months enables a form of regulation
variously termed control or emergent effortful control (Kopp, 1982; Rothbart & Rueda,
2005). Control denotes the ability to attend to caregiver commands and initiate, sustain,
modulate, or stop behavior accordingly (Kopp, 1982); similarly, effortful control at this
developmental juncture is typically operationalized as the infant’s ability to inhibit a
prepotent response and/or initiate a subdominant response in compliance with adult
directives (Kochanska, Murray, & Harlan, 2005). While (effortful) control will
eventually function to flexibly regulate emotion, it exerts more rudimentary effects
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during this phase. Specifically, although toddlers can inhibit a prepotent behavioral
response with support from a parent, they have difficulty regulating associated emotional
distress and initiating a subdominant behavioral response. For instance, in one study of
typically developing children, nearly 50% of 14-month-olds complied with maternal
dictates to refrain from touching attractive toys, and compliance rose to about 85% by the
time the children reached 22 months. However, although most children demonstrated the
capacity to compliantly inhibit a response, many children struggled with producing a
subdominant response. Only about 25% of 14-month-olds and 50% of 22-month-olds
complied with maternal instructions to put toys away (Kochanska, Coy, & Murray,
2001). Moreover, in a study by Cole and colleagues (2011), 18- and 24- month-old
children were largely capable of following maternal directives to delay opening a gift;
nonetheless, they quickly displayed anger and only slowly initiated emotion regulatory
strategies during the waiting period.
Despite the fragility of (effortful) control during this phase, infants continue to
evince gains in existing modes of emotion regulation. Twelve- and 18-month old infants
continue to employ approach and distraction to regulate anger in the face of blocked
goals (i.e., toy removal, arm restraint), and they expand their attention-directing
repertoire to include orienting toward possible sources of social support (Buss &
Goldsmith, 1998). Furthermore, at 18 months, infants can regulate both fear and anger
by intentionally directing distressed/fussy vocalizations at their mothers to elicit support
(Diener & Mangelsdorf, 2002). Eighteen-month-old infants continue to regulate mild
fear by withdrawing from a threatening stimulus (i.e., unpredictable mechanical dog,
monster puppet; Buss & Goldsmith, 1998; Diener & Mangelsdorf, 2002), and they begin

8

to use distraction as a marginally significant means of reducing such fear (Buss &
Goldsmith, 1998).
During the second year of life, children begin to exert self-control, characterized
by compliant response inhibition or generation in the absence of external monitors
(Kopp, 1982). For instance, in the previously discussed compliance study, 95% of 2year-old children obeyed maternal instructions to refrain from touching attractive toys,
without maternal supervision. (Initiation of a compliant cleanup response still lagged
behind at 50%; Kochanska, Coy, & Murray, 2001.) Importantly, a study by Calkins and
Dedmon (2000) demonstrates direct linkages between children’s capacity for compliance
and their general emotion regulatory capacities at this stage. In particular, they found that
defiance – a form of non-compliance characterized by displays of anger or tantrums in
response to adult directives – occurred during only 2% of a free play and 4% of a joint
problem-solving procedure; moreover, defiance was primarily displayed by a high-risk
subgroup with existing behavior problems. This pattern indicates that typically
developing children of this age show little or no defiant behavior in such contexts.
Furthermore, and of key interest, the high-risk, non-compliant subgroup also
demonstrated heightened emotion dysregulation, including negative affect, venting,
inattention to task, and off-task behavior, across a range of emotion inducing tasks.
Advancements in (effortful) self-control are also apparent in children’s ability to
initiate subdominant behaviors in response to emotionally evocative stimuli. For
example, Grolnick, Bridges, and Connell (1996) found that 2-year-olds faced with fearand frustration-inducing lab procedures (separation from mother, snack and gift delays)
showed the capacity not only to disengage attention from distressing stimuli, but also to
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actively engage in play with alternate toys. Such developmental gains also reflect the
emergence of executive functions (EFs), or higher-order, cognitive self-regulatory
capacities that enable advanced problem solving and goal-directed behavior (Zelazo &
Cunningham, 2007). In a large, cross-sectional analysis of EF measures, Carlson (2005)
found that children as young as 24 months were significantly more likely than chance to
pass a gift delay procedure; because this task measures “hot” EF – defined as “flexible
representation and control over appetitive reward systems” – these results imply
cognitive control over emotional reactivity (pp. 597).
According to Kopp (1982), true self-regulation finally emerges at 36 months and
is characterized by the ability to utilize multiple contingency rules to direct behavior,
sustain monitoring, and to successively approximate rules of conduct. These enhanced
behavioral and cognitive capacities enable more complex emotion self-regulation. For
instance, due to maturation of effortful control, most (about 60% of) 45-month-old
children can both inhibit a prepotent response (i.e., play) and initiate a subdominant
response (i.e., cleanup) without external supervision (Kochanska, Coy, & Murray, 2001);
moreover, children become increasingly capable of regulating emotion displays during
such compliance procedures. Gilliom, Shaw, Beck, Schonberg, and Lukon (2002)
demonstrated, for example, that 3½-year-olds who were instructed to wait for a snack
could effectively regulate anger via self-distraction and information seeking. Likewise,
Cole and colleagues (2011) found that 3-year-olds could employ distraction to forestall
anger while compliantly waiting for a desired object. These children also showed
developmental gains in anger transience from toddlerhood to 36 months, and in latency to
anger expression from 36 to 48 months. A re-analysis of this dataset highlights the key
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role of effortful control in these emotion self-regulatory gains. Specifically, Tan,
Armstrong, and Cole (2013) found that children whose parents rated them as high in
effortful control (aggregated across 18, 30, and 42 months) displayed longer latencies to
anger expression and shorter latencies to distraction at 24, 36, and 48 months. Thus,
these children evinced greater success inhibiting a dominant angry response and initiating
a subdominant regulatory response.
Cognitive gains in language skill and emotion understanding also fundamentally
effect preschoolers’ emotion self-regulation (Kopp, 1989). Language supports children’s
development of a “social cognitive understanding of emotion” by allowing them to label
emotional experiences, discuss emotions with others, reflect on emotional processes, and
strategize self-regulatory behavior (Thompson, 1991, p.288). Children as young as 3
demonstrate the ability to accurately label emotions (Cole, 1986; Leerkes, Paradise,
O’Brien, Calkins, & Lane, 2008) and verbalize emotion regulatory strategies (Cole,
Dennis, Smith-Simon, & Cohen, 2008), and these capacities improve across the
preschool period. In one study of 3- and 4-year-olds, for example, developmental gains
in language skill accounted for a nearly two-fold difference in the number of effective
emotion regulation strategies verbalized by 4- compared to 3-year-olds (Cole, et al.,
2008). Importantly, preschoolers also understand that felt and expressed emotions may
differ, particularly when the felt emotion is negative (Banerjee, 1997; Josephs, 1994).
This latter understanding supports the use of display rules – societal guidelines for
appropriate emotion expression – to direct emotion self-regulatory processes. In fact,
Banerjee (1997) found that preschoolers endorsed discrepant emotion displays in
situations evoking social display rule use but not in other contexts; for instance, children
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were likely to suggest that a puppet pretend to enjoy grandma’s “yucky” casserole so as
not to hurt her feelings, but they were unlikely to suggest that the puppet mask joy at a
birthday party. Again, developmental maturation occurs across preschool, with older
children evincing superior emotion appearance-reality distinction and providing more
justifications for display rule endorsement.
Of key importance, such capacities directly relate to children’s regulatory
behavior. For instance, in a study of 3½-year-old children, those who demonstrated
better emotion understanding received higher parent ratings of emotion regulatory
competence (Leerkes et al., 2008). In addition, children’s ability to recognize and
generate emotion regulatory strategies during a puppet procedure has been correlated
with their use of regulatory behaviors (i.e., persistence, problem-solving, and support
seeking) during a frustration task (Cole et al., 2008). Multiple studies have explored
associations between socio-cognitive capacities and emotion regulation via the classic
disappointing gift paradigm (Saarni, 1984; Cole, 1986), in which children are presented
with a gift previously rated as their least favorite; those who display positive affect are
presumed to be up-regulating positivity in keeping with the social display rule to express
gratitude for a gift regardless of its desirability. In one such-designed study, 3- to 5-yearolds who could better connect emotions to contexts and engage in affective perspective
taking also displayed more positive affect after receiving a disappointing gift; thus, better
emotion understanding appears to be linked with enhanced application of social display
rules to guide emotion self-regulatory behavior (Garner & Power, 1996). Similarly, 3- to
5-year-old children with superior receptive vocabularies have been shown to more
effectively employ display rules to up-regulate positive affect after receipt of a

12

disappointing gift, suggesting ties between language, emotion understanding, and
regulatory behavior (Lieberman, Giesbrecht, & Müller, 2007).
Not surprisingly, preschoolers’ appropriate display rule use also draws on
inhibitory control, including the capacities to withhold or delay a dominant response, to
hold a rule in mind, and to use that rule to inhibit a dominant response and initiate a
subdominant response. Interestingly, inhibitory control represents a key area of overlap
between the effortful control and EF literatures; observational (as opposed to
questionnaire) indices of effortful control and EF are typically identical and measures of
inhibitory control (Zhou, Chen, & Main, 2012). Operating within a temperament (i.e.,
effortful control) framework, Kieras, Tobin, Graziano, and Rothbart (2005) found that
preschoolers who evinced superior capacity to slow motor activity and suppress or
initiate responses to a signal also demonstrated better regulation of positive affect in the
disappointing gift paradigm. Carlson and Wang (2007) found similar results in their
study based in the EF literature. Specifically, they demonstrated that 4-year-olds with
moderate levels of inhibitory control – operationalized as the abilities to delay a prepotent
response and to inhibit or initiate behavior based on a rule – showed the lowest levels of
negative affect after receiving their least-favorite prize. Taken together, such results
indicate that emotion self-regulation during the disappointing gift procedure draws on the
following aspects of inhibitory control: (1) maintenance of the appropriate display rule in
working memory, (2) inhibition of the dominant, negative response in accordance with
this rule, and (3) initiation of subdominant positive displays, again in accordance with
this rule.
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In summary, the self-directed, planful emotion regulation evident during the
preschool years builds on earlier, more rudimentary regulatory capacities. Specifically,
across the first 5 years of life, individuals progress from neurophysiological and reflexive
regulatory mechanisms to increasingly flexible, voluntary, executive processes that are
integrated across emotional, cognitive, and behavioral domains.
Caregiver Contributions to Emotion Regulatory Development
Given the inchoate nature of very early emotion self-regulation, infants rely on
external stimuli to complement their existing regulatory capacities and promote the
development of increasingly independent regulatory skills (Feldman, 2007b). Caregivers
serve as key environmental inputs in this regard. In keeping with Baumrind’s (1967)
classic conception of parenting competence, a rich research tradition demonstrates that
parenting characterized by high levels of both nurturance and control promotes optimal
child regulatory outcomes. Importantly, such parenting manifests differently and has
different effects based on the child’s developmental stage.
Over the first year of the infant’s life, key caregiving tasks include the provision
of structure and sensitive nurturance, each of which impacts infant self-regulatory
development. Structure represents a form of parental control appropriate for infants.
Specifically, structured routines map onto Baumrind’s (2010) conception of parents’
interpersonal power, defined as their likelihood of influencing the child through social
interaction to engage in particular behaviors. Structured family routines create a
predictable environment and promote the entrainment of physiological self-regulatory
systems such as the sleep-wake cycle, as well as corresponding desirable behaviors such
as consolidated nighttime sleep (Mindell, Telofski, Wiegand, & Kurtz, 2009).

14

Caregiver sensitivity – defined as detection and proper interpretation of infant
signals combined with appropriate and timely responsiveness – is the hallmark of highquality parenting during infancy (Ainsworth, 1969). As with structured routines,
sensitivity exerts direct effects on infant physiological regulation, including circadian
rhythmicity and balanced stress hormones, which serve as key substrates for later
emotion self-regulation (Blair, 2010; Braarud, & Stormark, 2005; Boyce & Ellis, 2005;
Hane & Fox, 2006; Hane & Philbrook, 2012; Philbrook, Hozella, Kim, Jian, Shimizu, &
Teti, 2014). Furthermore, interactions involving high levels of caregiver sensitivity and
responsiveness to infant distress enhance the attachment relationship (Ainsworth, Blehar,
Waters, & Wall, 1978; Bowlby, 1969; DelCarmen, Pedersen, Huffman, & Bryan, 1993;
McElwain & Booth-LaForce, 2006), which in turn promotes infant emotion selfregulation (Kim, Stifter, Philbrook, & Teti, 2014). Finally, sensitive, autonomysupportive caregiving behavior directly scaffolds the infant’s emerging self-regulatory
capabilities (Bernier, Carlson, & Whipple, 2010).
During the toddler and preschooler years, sensitive nurturance continues to play
an essential role in competent parenting, and control comes increasingly online.
Specifically, caregivers begin to enforce standards of conduct, attempt to shape socially
appropriate behavior, and actively guide children to meet developmental milestones (Teti
& Huang, 2009). Parents socialize child emotions via implicit and explicit
communication of values and expectations concerning emotional experience and
expression (Eisenberg, Cumberland, & Spinrad, 1998). For instance, parents may narrate
their own emotional experiences to their children, thereby introducing emotion-related
vocabulary and modeling culturally appropriate reactions to emotional arousal (Miller &
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Sperry, 1986). Based on the emotion socialization literature, Morris, Silk, Steinberg,
Myers, and Robinson (2007) posit a model of family influence on children’s emotion
regulatory development in which parenting practices and style (Darling & Steinberg,
1993) work in concert to socialize children’s emotion self-regulation.
Parenting practices that specifically target the socialization of emotion regulation
include general reactions to children’s emotion expression, as well as explicit teaching of
emotion regulation strategies (Morris et al., 2007). Excessive and unreasonable control
over children’s emotional expressions – particularly when combined with dismissiveness
or rejection – is associated with poor child regulatory ability. For instance, Berlin and
Cassidy (2003) found that mothers who reported high levels of control over their
preschooler’s emotions had children who were less likely to share happiness or sadness
and more likely to express suppressed anger, suggesting a global tendency to engage in
the maladaptive regulatory strategy of emotion suppression. Similarly, Eisenberg and
colleagues (1994; 1993) found that punitive parental responses to children’s emotion
expression were associated with children’s engagement in the maladaptive regulatory
strategies of escape and revenge seeking.
In contrast, supportive responses to children’s negative emotions promote both
general emotional competence and specific emotion self-regulatory skills. Roberts and
Strayer (1987) found that parental encouragement of negative emotion expression
evinced nonlinear associations with child competences including appropriate emotion
expression (i.e., less hostility vs. cooperation). Specifically, low levels of parental
encouragement of negative emotion expression were associated with the lowest levels of
child competence, while medium and high levels of parental encouragement were
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associated with similarly high levels of child competence. With specific regards to
emotion self-regulation, Cole and colleagues (2008) found that mothers who provided
sympathy, positive attention, and physical comfort during a frustrating delay task had
preschoolers who recognized a greater number of effective strategies for regulating anger
and who enacted more regulatory behaviors during a frustrating locked-box procedure.
Optimal parenting involves not just the acceptance of children’s emotions but
also the provision of explicit guidance (i.e., moderate, appropriate control) when the child
is challenged beyond his or her self-regulatory capacity. Such explicit guidance can be
conceptualized as a form of scaffolding in which the parent facilitates the child’s
development of new and increasingly complex emotion regulatory strategies. Gottman,
Katz, and Hooven (1996) theorized that parents’ thoughts and feelings about emotions
impact their emotion coaching, or use of children’s emotional experiences as
opportunities to teach about emotions. In a preliminary study, they found that some
parents engaged in “scaffolding-praising,” a specific emotion coaching strategy involving
positive structuring of the child’s learning, as well as a generally enthusiastic and
responsive tone; moreover, they found that parent emotion coaching was related to child
emotion regulatory ability.
Additional research has provided further support for this proposition by
demonstrating concurrent and longitudinal associations between parent structuring of
child emotion-regulation and child emotion regulatory capacity. In one study, toddlers
were better able to refrain from touching an appealing forbidden toy when their mothers
employed attention re-directing strategies; because delay of gratification involves
motivational processes, this study suggests scaffolding of emotion regulatory strategies.
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Similarly, preschool and early school-age children who received a disappointing gift were
able to down-regulate their expressions of anger and sadness when their mothers helped
refocus attention away from the evocative stimulus and when they engaged in joint
cognitive reframing (Morris, Silk, Morris, Steinberg, Aucoin, & Keyes, 2011).
Furthermore, children whose mothers helped them regulate affect during cleanup and
electrode placement procedures in toddlerhood subsequently demonstrated better selfregulation of positive and negative affect during the disappointing gift procedure in
preschool. Interestingly, this second study revealed some correspondence between
specific maternal regulatory strategies in toddlerhood and preschoolers’ subsequent
emotion self-regulatory behaviors; maternal distraction and soothing predicted
preschooler self-distraction, and maternal soothing also predicted general strategy use
(Spinrad, Eisenberg, Cumberland, Fables, Valiente, et al., 2004).
Importantly, Morris and colleagues (2007) emphasize that such parenting
practices occur within the context of family climate, which itself exerts influence on
children’s regulatory development. High quality parent-child relationships – such as
those characterized by a history of secure attachment – are one aspect of family climate
that promote toddler and child emotion regulation. Nachmias, Gunnar, Mangelsdorf,
Hornik Parritz, and Buss (1996) found, for instance, that toddlers with a history of
insecure attachment had mothers who interfered with their regulatory efforts; moreover,
these toddlers showed heightened physiological stress reactivity and over-control of
inhibitory behaviors. In the aforementioned study by Berlin and Cassidy (2003), motherinfant attachment significantly predicted variation in maternal emotion socialization
practices during toddlerhood which, in turn, were associated with concurrent toddler
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emotion expression and regulation. Similarly, Kochanska (2001) found that motherinfant attachment security predicted decreasing trajectories of negative reactivity across
toddlerhood, suggesting that securely attached children had developed effective downregulating strategies.
A Systemic Perspective: Dyadic Regulation in Infancy
Although researchers concede that both infants and caregivers influence early
self-regulation, there is a lack of consensus concerning the best way to conceptualize
their partnership. Specifically, much of the parenting literature downplays the infant’s
active regulatory role while focusing on the primacy of parent contributions. This
represents a two-pronged problem. From a theoretical standpoint, a fragmented
conceptualization necessarily omits key information; practically, failure to recognize
early infant contributions impedes exploration of developmental continuity and changes
in regulatory capacity.
A family systems approach provides one useful framework for remediating these
issues. According to the organismic metaphor, a family is a living system similar to a
body; just as an organism contains distinct cells that act both autonomously and as
constrained by the larger whole, so too does a family contain individuals who act both
independently and in relation to one another (Cox & Paley, 1997). More concretely, the
family as a system contains an array of elements (i.e., members) with consistent interrelational patterns. Such systems are further comprised of nested subsystems, or
differentiated segments that enact unique processes (Nichols & Everett, 1986). These
may consist of one individual (i.e., the infant or mother), a dyad (i.e., the infant and
mother), or a larger group of members (i.e., the infant, mother, and siblings).
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Components of a system are interdependent and exert bidirectional, reciprocal effects on
one another; therefore, in order to understand system components, a holistic approach
must be adopted (Minuchin, 1985).
Dyadic regulation – sometimes referred to as co-regulation – is a construct that
incorporates systems principles to conceptualize the dynamic, interactive aspects of
regulatory processes, particularly as they occur in early life. Specifically, dyadic
regulation refers to the joint construction and modulation of the behavioral, affective, and
physiological rhythms of two interactive partners through the dynamic adaptation of each
partner to the expected and actual attributes of the other (Beebe, 2006; Beeghly &
Tronick, 2011; Feldman, 2007b; Fogel, 2007). Simply put, while self-regulation
involves an individual affecting himself, dyadic regulation involves two individuals
affecting themselves, each other, and their ongoing interaction (Beebe, 2006). Dyadic
regulation is typically operationalized as the patterns of influence between the streams of
momentary infant and caregiver indices (i.e., facial affect, vocalizations, gaze, touch,
heart rate, vagal tone) indicative of affective engagement. Optimally, these patterns
involve matching, mismatching, and re-matching between infant and caregiver (Tronick,
1989; Tronick & Cohn, 1989).
Interactive synchrony refers to the matching of affect, behavior, and/or
physiological rhythms between the caregiver and infant (Feldman, 2007). Importantly,
moderate rather than high levels of infant-caregiver matching are associated with optimal
child outcomes (Beebe, Jaffe, Markese, et al., 2010). For instance, movement in the
same affective direction – rather than precisely matched affect – characterizes healthy
dyadic emotion regulation (Beebe, Lachmann, Markese, et al., 2012; Feldman,
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Greenbaum, & Yirmiya, 1999; Tronick, Als, & Brazelton, 1980). Similarly, vocal
rhythm tracking with mid-range vocal coordination predicts secure attachment status,
while tight vocal coordination predicts insecure-resistant or insecure-disorganized
attachment (Jaffee, Beebe, Feldstein, Crown, & Jasnow, 2001). Early experiences of
synchronous infant-caregiver exchanges entrain physiological regulation and facilitate
self-regulatory development (Feldman & Eidelman, 2007; Moshe & Feldman, 2006); yet
brief mismatches are normative, due largely to everyday activities and stressors, and key
to healthy development. Specifically, fleeting disruptions followed by successful repair
provide infants with opportunities to practice self-regulation and to develop trust, secure
attachments, and general well-being (Tronick, 1989; Tronick, 2006; Beegly & Tronick,
2011).
As with self-regulation, dyadic regulation follows a normative developmental
trajectory (see Table 1). The foundational dyadic regulatory exchange occurs during the
postpartum bonding stage, when mothers engage in sequences of relational behavior –
including gaze at the neonate’s face, high pitched vocalizations, and affectionate touch –
which they naturally adapt to the infant’s cycle of alertness (Barratt, Roach, & Leavitt,
1992; Feldman & Eidelman, 2007; Fleming, O’Day, & Kraemer, 1999; Miller &
Holditch-Davis, 1992). The neonate, in turn, possesses neurobehavioral sensitivities to
such cues and an innate ability to detect and respond to contingencies (Condon & Sander,
1974; Tarabulsy, Tessier, & Kappas, 1996). Taken together, these interdependent
processes result in sensitization of each partner to the biological rhythmicity of the other
and the consequent establishment of a unique bond (Feldman, 2007b). Once the infant
reaches approximately 2-3 months of age, routine infant-caregiver interactions
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consolidate into clear temporal patterns. Interactions take the form of repetitive-rhythmic
behavior cycles, which in turn solidify as configurations – frequently occurring sets of
interpersonal behaviors hypothesized to shape neural development (Beebe & Gerstman,
1980; Feldman, 2007b; Fogel & Hannan, 1985; Fogel & Thelen, 1987; Weinberg &
Tronick, 1996). For instance, discrete and predictable patterns of affective match,
mismatch, and repair emerge at this juncture (Tronick, Als, & Brazelton, 1977; Tronick,
Als, & Brazelton, 1980). Interestingly, 3-4 month old infants tend to lead interactions,
with caregivers following the infants’ pace. However, between 3 and 9 months,
interactions become increasingly mutual (Feldman, Greenbaum, & Yirmiya, 1999;
Feldman, Greenbaum, Yirmiya, & Mayes, 1996). Due to cognitive advances, 9-monthold infants can engage in joint-attention to objects (i.e., toys) with caregivers,
intentionally seek interaction with caregivers, and even share subjective states with
caregivers (Feldman, 2007b; Landry, 1995; Tomasello, Carpenter, Call, Behne, & Moll,
2005).
Research by Feldman and colleagues indicates that dyadic regulation during
infancy has cascading effects on childhood and adolescent competencies. In one study,
dyads characterized by synchronous, infant-led interactions at 3 months and by mutually
synchronous interactions at 9 months produced 2-year-olds with superior emotion selfregulatory skill. Specifically, these toddlers demonstrated self-directed compliance with
positive affect (i.e., “committed” compliance; Kochanska, Aksan, & Koenig, 1995)
during cleanup and snack delay procedures, indicating that they could inhibit a dominant
response (play/snacking) and initiate a subdominant response (cleanup) while
appropriately modulating affective arousal (Feldman, Greenbaum, & Yirmiya, 1999).
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Interestingly, toddlers who had experienced synchronous, infant-led interactions with
their mothers at 9 months also demonstrated better emotion-related language ability,
including more complex symbolic play and more internal state talk (Feldman &
Greenbaum, 1997). Another study found that parent-infant gaze synchrony at 3 months
predicted fewer total behavior problems on the Child Behavior Checklist (CBCL) at 2
years, suggesting less emotional and behavioral dysregulation (Feldman & Eidelman,
2004). Such results have been shown to generalize across the preschool period, with
early parent-infant synchrony predicting more committed compliance, higher language
ability, and fewer CBCL total behavior problems – all competencies indicative of or
promoting emotion self-regulation – through 6 years (Feldman, 2007a).
Importantly, parent-infant synchrony and the aforementioned childhood
competencies have been shown to predict prosocial behavior at 13 years (Feldman,
2007a). Higher parent-infant synchrony directly and independently predicted adolescent
dialogical empathy, or the ability to discuss conflicts in a manner indicating perspective
taking, flexibility, empathy to others’ distress, and maintenance of positive affect. In
addition, more mutual synchrony at 9 months predicted more dialogical empathy at 13
years, a relationship which was mediated by committed compliance across 2, 4, and 6
years. Finally, teens who provided prosocial solutions to hypothetical moral dilemmas
were more likely to have better language abilities and lower behavior problems in
preschool, both competencies predicted by earlier parent-infant synchrony (Feldman,
2007a). Thus, superior childhood emotion self-regulation appears to be influenced by
early dyadic emotion regulation and to influence future socioemotional competence.
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Methodological Issues in the Study of Dyadic Emotion Regulation
Because of the complexity of the dyadic regulation construct, several
methodological challenges have plagued its study. First, in order to capture the ways in
which individuals influence each other across time, intensive repeated measurements of
each interactive partner are necessary; yet such data can be arduous to collect and
prepare. Second, analysis of systemic processes must address temporal dynamics rather
than mean level differences, and standard analytic techniques may be ill suited to this
purpose (Fuligni, 2014). For instance, family systems researchers typically aim to
uncover non-linear (i.e., bidirectional, circular, or recursive) effects in the time-streams of
partners’ behaviors, but traditional methods often assume linear influence (Cox & Paley,
1997; Minuchin, 1985). Additionally, analyses must account for interdependence among
members of a system and for homeostatic as well as morphogenetic features of that
system (Minuchin, 1985; Nichols & Everett, 1986).
Despite these challenges, researchers have made considerable progress studying
dyadic infant-caregiver regulation in face-to-face play contexts. Tronick, Als, and
Brazelton (1980), for instance, developed the Monadic Phases coding system for
identifying and classifying second-by-second indicators of mother and infant affective
engagement. In addition, researchers such as Beebe (2006) and Feldman (2007b) have
implemented advanced analytic techniques to explore bidirectional effects in micro time,
as well as long-term developmental changes in such patterns. However, although these
techniques have advanced scientific thinking about joint regulation during play
interactions, they do not directly transfer to alternate contexts, particularly those in which
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the regulatory goal is to achieve homeostatic calm rather than positive engagement.
Dyadic regulation of infant distress to pain, for example, is likely to involve contextspecific behaviors quite different from the Monadic Phases (i.e., maternal soothing
strategies, changes in infant crying intensity), as well as regulation primarily or
exclusively of negative affect.
Jahromi, Putman, and Stifter (2004) aimed to address this gap in the literature by
exploring mother-infant interactions following a distressing inoculation procedure.
Specifically, they examined contingencies between discrete maternal soothing strategies
enacted at particular infant distress levels and subsequent changes in infant distress.
Results indicated that the combination of maternal holding, rocking, and vocalizing
effectively reduced all levels of infant distress, while maternal feeding/pacifying
effectively reduced low or moderate levels of infant distress. Although this study
revealed important information about the ways in which mothers and infants contributed
to the down-regulation of infant distress, several methodological problems precluded a
truly dynamic, comprehensive model. First, as a univariate technique, contingency
analysis only allowed for examination of one maternal behavior in relation to one infant
behavior; however, in reality, soothing behaviors co-occur and may exert effects on
multiple intensity levels of infant distress. This approach also failed to account for
behavior duration and, thus, may have missed effective soothing strategies that required
more time to impact infant reactivity. In addition, contingency analysis does not fully
capture the bidirectional nature of parent-infant interaction.
In order to address these limitations, and in a manner consistent with systems
theory, Stifter and Rovine (2015) re-analyzed the inoculation dataset using an innovative
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methodological approach. Latent or hidden Markov modeling (HMM; Baum & Petrie,
1966) is a multivariate generalized mixture model for categorical time-series data, which
was originally developed for pattern (i.e., letter) recognition, subsequently implemented
in medical, economic, and engineering settings, and only recently applied to the
developmental sciences. A HMM identifies a set of latent states that optimally fit the
data; in Stifter and Rovine’s (2015) study, these states were defined by the likelihood that
a particular level of infant distress would co-occur with specific maternal soothing
behaviors. The HMM also generated transition probabilities, which gave the likelihood
dyads would move between states, as well as posterior state trajectories, which
represented dyadic movement through states across time.
The use of HMM to conceptualize dyadic regulation was innovative in that it
allowed for examination of temporal sequencing and duration of multiple maternal and
infant behaviors enacted in a naturalistic setting. Importantly, this holistic
methodological approach also captured the truly recursive nature of infant-caregiver
interactions by modeling both influences of the caregiver’s soothing behaviors on the
infant and the effects of infant reactivity on further caregiver behavior. Results of this reanalysis indicated that mother-infant dyads worked in cohort to bring the infant to a
soothed state, and that the soothing interaction became more organized between two and
six months of age. The long-term effects of such regulation, however, have yet to be
tested.
The Present Study
As demonstrated by the above literature review, decades of research have
bolstered the scientific knowledge base on emotion regulatory processes and
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development; however, a truly comprehensive, integrative, empirical model is still
lacking. Firstly, although emotion regulation has been tied to multiple regulatory
constructs (i.e., dyadic regulation, self-regulation, effortful control), the majority of
studies examine only one or two domains, and this impedes examination of differential,
joint, or interactive influences. Additionally, developmental models rely heavily on
theory and on cross-sectional data, thereby precluding conclusive inferences across time.
Thus, it becomes difficult to answer questions about continuity and change, gradual
maturational shifts, and possible underlying mechanisms. Given the centrality of
emotion-self regulation in childhood adjustment (Blair & Raver, 2015; Graziano, Reavis,
Keane, & Calkins, 2007; Rydell, Berlin, & Bohlin, 2003; Spinrad, Eisenberg,
Cumberland, et al., 2006), explication of a comprehensive, research-based developmental
model is paramount.
The present study proposes to address these gaps in the literature by advancing
and testing an integrated developmental model of emotion regulation across the first year
of life, using empirical longitudinal data. This developmental period was chosen due to
the foundational nature of regulatory development in infancy; optimal regulatory
development in infancy should promote emotion self-regulation and general positive
adjustment in childhood and beyond. Specific study aims include: (1) Synthesize the
literatures on dyadic emotion regulation and emotion self-regulation by exploring
concurrent and prospective associations between the constructs. (2) Examine continuity
and change in emotion self-regulatory development across infancy, matching empirical
data to the various stages in Kopp’s (1982) framework. (3) Explore mechanisms in the
shift from dyadic to increasingly internal emotion regulation. In order to accomplish
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these aims, this paper proposes to construct dyadic emotion regulatory profiles based on
cluster analysis of the posterior state trajectories identified by Stifter and Rovine (2015),
and to use these profiles to examine the progression from early dyadic regulation to more
organized dyadic regulation and to both emergent and increasingly mature emotion selfregulation.
Study hypotheses (summarized in figure 1) are as follows: (1) Emotion regulation
at each time point will predict more mature forms of emotion regulation as they emerge
across subsequent time points. (1.a) Infants who experience successful dyadic emotion
regulation at 2 months will belong to better-regulated dyads at 6 months, and they will
demonstrate superior sensorimotor modulation of emotion at 6 months and emotion

Figure 1.
Theoretical Model of Emotion Regulatory Development
Notes: Numbering indicates correspondence between paths and hypotheses.
Dashed lines indicate that the direct effect is mediated through an intervening
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control at 12 months. (1.b) Infants who experience successful dyadic regulation at 6
months will demonstrate better emotion control at 12 months. (1.c) Infants with superior
sensorimotor modulation of emotions at 6 months will demonstrate better emotion
control at 12 months. (2) At 6 months, infants who demonstrate better sensorimotor
modulation of emotions will concurrently belong to dyads characterized by successful
mutual regulation of emotions.
(3) Temporally intermediate forms of emotion regulation will serve as
explanatory mechanisms in the development of emotion regulation over time. This is
consistent with Masten and Cicchetti’s (2010) conceptualization of developmental
cascades, in which early transactions (i.e., experiences of dyadic emotion regulation)
exert diffuse and cumulative effects on subsequent development (i.e., emerging emotion
self-regulation) which, in turn, effects future outcomes (i.e., mature emotion selfregulation). (3.a) Dyadic regulation at 6 months will mediate the relationship between
dyadic regulation at 2 months and control at 12 months. (3.b) Sensorimotor modulation
at 6 months will mediate the relationship between dyadic regulation at 2 months and
control at 12 months.
METHOD
Participants
Participants were part of a longitudinal study examining emotional development
over the first decade of life. One hundred and fifty mother-infant dyads were recruited
through a local community hospital when the infant was two weeks old; inclusion criteria
included full term birth and good infant health. At initial recruitment, average maternal
age was 29.7 (range = 16-43), average maternal education was 15.6 years (range = 10-
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26), and most mothers (84%) were married. Participants were predominantly White and
middle class. Fifty two percent of infant participants were female, and 44.67% were
firstborns. Sample size varied over the course of the study, as some families moved out
of town or refused study components. When infants were 2 months, 141 dyads (75
female, 66 male infants) participated in the inoculation procedure. At 6 moths, 133
dyads (66 female, 67 male infants) participated in the inoculation procedure and a
laboratory visit. One hundred twenty two mother-child pairs participated in a 12-month
lab visit.
Procedures
Infants were videotaped during their routine well-baby visit at their pediatrician’s
office or their immunization visit at a local health clinic when they were 2 and 6 months
of age. All other procedures took place in a quiet laboratory equipped with a one-way
mirror and two video cameras. During tasks, infants sat in a highchair or with their
mothers, and children sat at a small table next to an experimenter. Table 2 delineates the
procedures at each time point, which are described in detail below.
Inoculation Protocol
Mother-infant dyads were video-recorded during a routine immunization
procedure in the community medical setting when infants were 2 and 6 months of age.
Infants received between 1 and 4 vaccinations (for hepatitis B, diphtheria, tetanus,
pertussis, pneumococcal, influenza, and polio) in the upper thigh; subsequently, mothers
were allowed to soothe the infant using any strategies they liked. Video recordings
captured the onset of the first injection through 20 consecutive seconds of no crying. The
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Table 2.
Procedures at Each Time Point with Corresponding Constructs Measured

number of vaccinations (1-4) and medical site (doctor’s office vs. clinic) were not
associated with infant reactivity or maternal soothing (Stifter & Rovine, 2015).
Infant reactivity to the inoculation procedure was coded in 5-second intervals,
starting at the time the last needle was extracted from the thigh. Each interval was
categorized based on the highest intensity distress observed, using the following scale:
(1) no vocalization, (2) fussing or whining, (3) low intensity crying, and (4) high intensity
crying, characterized by loud, piercing shrieks typically accompanied by red face, closed
or partially closed eyes, and wide open mouth. Interrater reliability was excellent, with
Cohen’s κ = 0.92 for 10% of cases across 2 and 6 months. The following maternal
soothing behaviors were coded using the same 5-second intervals: (1) displays of
affection, such as kissing and hugging, (2) other touching, such as patting and stroking,
(3) holding with or without rocking, (4) vocalizations, including talking and singing, (5)
caretaking activity, such as dressing and diaper changing, (6) attempts to distract the
31

infant by directing attention away from the shot, (7) face-to-face interaction, and (8)
feeding or pacifying via bottle, nursing, or use of a pacifier. In order to examine patterns
of simultaneous soothing behaviors, multiple codes could be assigned to each interval.
Interrater reliability ranged from Cohen’s κ = 0.78 to 0.98 on 10% of cases across 2 and 6
months.
Dyadic regulation was statistically constructed using Hidden Markov Modeling
(HMM;Rabiner, 1986; Stifter & Rovine, 2015; Visser, Raijmakers, and Molenaar, 2002).
A 4-state model provided the best fit for the 2-month inoculation data (see table 3). State
1 was characterized by elevated probabilities of high-intensity infant distress and
maternal caretaking behaviors (i.e., dressing the infant). State 2 was marked by increased
likelihood of high- or moderate-intensity infant distress and maternal holding, vocalizing,
and affection. State 3 involved high probabilities of low-intensity or no infant crying
accompanied by maternal holding, vocalizing, and increased affection. Finally, state 4
was characterized by roughly equal probabilities of high-, moderate- or low-intensity
infant crying, almost ubiquitous feeding/pacifying, and high probabilities of holding,
vocalizing, distraction, and face-to-face (Stifter & Rovine, 2015).
A 6- state model best fit the 6-month data. State 1 involved nearly ubiquitous,
high-intensity infant crying and increased likelihood of maternal holding and vocalizing.
In state 2, infants were likely to be crying with moderate intensity, and mothers were
likely to use the same soothing strategies as in state 1. State 3 was characterized by
high probabilities of low-intensity or no infant crying accompanied by soothing strategies
similar to those employed in states 1 and 2. State 4 involved equal chance of any infant
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Table 3.
2-Month 4-State Model

Table 4.
6-Month 6-State Model

reactivity level and increased likelihood of maternal use of feeding/pacifying to soothe
the infant. State 5 was characterized by high probabilities of infant fussing or not crying
accompanied by maternal feeding/pacifying. Finally, in state 6, probability of crying was
equal across intensities, and probability of maternal caretaking was heightened (Stifter &
Rovine, 2015).
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Arm-Restraint Protocol
At 6 and 12 months, the Laboratory Temperament Assessment Battery (LabTAB) gentle arm restraint procedure (Goldsmith & Rothbart, 1999) was utilized to elicit
anger or frustration by restricting infant motor activity. With the infant seated in a
highchair and the mother outside the room, an experimenter crouched behind the infant
and gently restrained his/her arms for approximately 1 minute and 15 seconds.
Distractors (puppets, video clip) were presented 30 seconds into the arm restraint
procedure and 30 seconds after arm release; each distractor was presented for 15 seconds,
and order was counterbalanced across participants. After the second distractor (arm
release condition), the mother was prompted to return to the room and was free to soothe
the infant if necessary.
Infant regulatory behaviors during arm restraint were coded in 4 separate passes;
codes were mutually exclusive within but not across each pass. During the first pass,
infant attentional behaviors were categorized as either (1) orienting to the environment,
(2) orienting to the experimenter’s hands or arms, (3) looking for or towards the
experimenter, or (4) looking at the video/puppet during the distractor conditions.
Behaviors coded during the second pass included (1) tension release, which was
characterized by high intensity and/or frequent gross motor movements including
banging, flailing, and kicking and (2) self-soothing, which was characterized by repetitive
fine motor movements like sucking, rubbing, stroking, and hair twisting. Avoidant
behaviors – such as back arching, struggling against the restraint, and straining forward –
were coded during a third pass. Finally, the fourth pass was used to identify non-negative
communicatory behaviors, such as pointing, hand waving, cooing, and calling. Cohen’s
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κ ranged from 0.75 to 1.00 on approximately 22% of cases at 6 months and from 0.84 to
0.89 on approximately 24% of cases) at 12 months, indicating good interrater reliability.
The following composite scores were subsequently created. First, overall
orienting was calculated as the mean proportion of time engaged in the three attentional
behaviors (orienting to the environment, experimenter, or experimenter’s hands). Next, a
composite of putatively effective regulatory behaviors was calculated as the mean
proportion of time engaged in orienting, self-soothing, and non-negative communication.
Finally, a composite of putatively dysregulatory behaviors was calculated as the mean
proportion of time enacting tension release and avoidance behaviors.
DATA ANALYSIS
Attrition
Multiple logistic regressions tested whether attrition at 2, 6, or 12 months could
be explained by demographic characteristics, namely parent marital status and education,
as well as child ethnicity and sex. Attrition was coded as a binary variable (1= family did
not participate in the measurement occasion, 0 = family participated in the measurement
occasion), as were marital status (0 = married, 1 = other), ethnicity (0 = white, 1 = nonwhite), and sex (0 = male, 1 = female); education was measured continuously. Models
were fit separately for each measurement occasion, using the following formula:
!"#
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denotes the log-likelihood of attrition equaling 1 for an

individual i at a particular measurement occasion, ! is an intercept, and !! to !! are the
slopes for their respective demographic characteristics. These analyses were run in R
Studio, using the ‘glm’ function from the ‘stats’ package (R Core Team, 2015).
Identification of Dyadic Emotion Regulatory Typologies
Cluster analysis was utilized to identify typologies of dyadic infant-caregiver
emotion regulation at 2 and 6 months. This technique creates groups of persons (or, in
this case, dyads) with maximal within-group similarity and between-group dissimilarity
on defining variables. In the present study, these defining variables were the posterior
state trajectories generated by Stifter and Rovine’s (2015) HMM of dyadic emotion
regulation following infant inoculation. Cluster analysis was selected to model these data
because it is a flexible, exploratory method that can mathematically classify nominal data
(i.e., states) with temporal patterning (i.e., ordering and duration). This modeling was
performed in R Studio (R Core Team, 2015) using the ‘TraMiner’ (Gabadinho, Ritschard,
Müller, & Studer, 2011; Gabadinho, Studer, Müller, Buergin, & Ritschard, 2016; Studer
& Ritschard, 2016), ‘cluster’ (Maechler, Rousseeuw, Struyf, Hubert, & Hornik, 2016),
and ‘fpc’ (Hennig, 2015) packages, separately at 2 and 6 months, following the steps
outlined below.
First, pairwise dissimilarities between trajectories were computed using optimal
matching (OM), a method that generates ‘edit distances’ reflecting the minimal cost for
transforming one state in a trajectory into a different state (Gabadinho, et al., 2011;
Lesnard, 2006). In keeping with the literature, minimal insertion and deletion costs were
set to 1 (Lesnard, 2006); minimal substitution cost was defined as
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!" !, ! = 2 − ! !, ! − ! !, ! ,
where !"(!, !) denotes the substitution cost for transforming state i to j, !(!, !) is the
transition rate from state i to j, and !(!, !) is the transition rate from state j to i
(Gabadinho et al., 2016). These calculations resulted in a n x n symmetrical dissimilarity
matrix summarizing the differences between each pair of dyadic trajectories.
Next, agglomerative nesting (agnes) – a hierarchical clustering algorithm – was
applied to the dissimilarity matrix. This analytic technique begins by classifying each
dyadic trajectory as its own cluster. Subsequently, the two clusters with the lowest
pairwise dissimilarity are merged, and the new cluster’s dissimilarity to the others is
calculated. In the present study, these dissimilarity recalculations utilized Ward’s (1963)
method:
! ! !, ! =
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! ! !, ! +
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! ! !, ! −

!
!!!
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where ! ! denotes the squared dissimilarity between 2 clusters, A and B are two clusters
that are joined to form a new cluster R, and Q is any other cluster in the dataset (Kaufman
& Rousseeuw, 1990, p. 232). This procedure continues in an iterative manner until all
dyadic trajectories are included in a single cluster. Two outputs are then generated: an
agglomerative coefficient that summarizes cluster structure strength, and a data
visualization that guides selection of a cluster solution.
The first of these outputs, the agglomerative coefficient, indicates the amount of
structure uncovered by the clustering algorithm. This is calculated as:
!

!=!

!! ,

where !! represents the dissimilarity level at which cluster i is first merged with another
cluster (Kafman & Rousseeuw, 1990, p. 212). Values range between 0 and 1, with 0
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indicating no clustering structure (i.e., the data are best described as one large cluster)
and 1 indicating a very strong clustering structure (i.e., clear clusters are present). The
second output, the dendogram or binary tree plot, provides an organized visual
representation of the dissimilarity matrices across the iterative clustering process. The yaxis indicates levels of between-cluster dissimilarity, and the x-axis contains each dyad;
thus, long vertical lines represent between-cluster dissimilarity while short horizontal
lines or “leaves” represent within-cluster similarity. This plot is used to locate places to
“cut the tree” (i.e., define the clustering solution), optimally at a level above which lines
are long and below which leaves are short (Greenacre & Primicerio, 2013; Kaufman &
Rousseeuw, 1990; Maechler, Rousseeuw, Struyf, Hubert, & Hornik, 2016).
Once potential clustering solutions were identified, cluster validity was examined
by comparing statistical fit indices. Two of these statistics – the Caliński Harabasz
(1974) index and a variant of Dunn’s (1974) index – define fit as the ratio of betweencluster dissimilarity to within-cluster dissimilarity; because an optimal cluster solution
maximizes heterogeneity between groups and minimizes heterogeneity within groups,
larger numbers indicate better fit. The Caliński Harabasz index was calculated as:
!(!)(!!!)

!" = !(!)(!!!),
where ! denotes the number of clusters in a given solution, ! denotes the total number of
cases, ! ! represents the between cluster sum of squares and cross products matrix,
and !(!) represents the pooled within cluster sum of squares and cross products matrix
(Hennig & Liao, 2013, p. 314; Milligan & Cooper, 1985). Dunn’s index2, was
calculated as:
!! = !"#!!!,…,!" !"#!!!!!,…!" (!"#
38

!!"#$""%
!!!,…,!" !!"#!!"

),

where !!"#$""% is the minimum average dissimilarity between two clusters and !!"#!!" is
the maximum average similarity within clusters (Hennig, 2015). An additional fit
statistic, Pearson’s (normalized) Γ, was calculated as the similarity between the observed
clustered data (X) and a simulated clustered dataset generated using Monde Carlo
procedures (Y):
Γ=
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(Haldiki, Batistakis, & Varzirgiannis, 2001, p. 130). As with the other indices, higher
values demonstrate superior model fit. A final cluster solution for each time point (2 and
6 months) was then chosen based on overall performance on these validity measures and
substantive interpretability. Potential group differences on demographic and visit
variables were subsequently examined.
Prediction of Later Emotion Regulation
Multinomial logistic regression was utilized to test whether membership in 2month dyadic regulatory clusters predicted membership in 6-month dyadic regulatory
clusters. This method extends simple logistic regression to handle nominal outcome
variables with more than 2 categories; specifically, it simultaneously fits k – 1 logistic
regressions comparing each outcome category to a dummy-coded reference category.
Thus, in the present study, the following formula was used:
!(!"#$%& !"#$%&'

)

!"# !(!!"#$% !"#$%&' !!!) = ! + !! ∗ !"#$%& !"#$%&'!! ,
!!

!(!"#$%& !"#$%&'

)

where !"# !(!"#$%& !"#$%&' !!!) represents the log-likelihood of membership in each 6!!

month cluster compared to the reference 6-month cluster, ! represents the intercept, and
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!! represents the slope for 2-month cluster membership (Hutcheson, 2011). Analyses
were conducted in R Studio using the ‘nnet’ package (Venables & Ripley, 2002).
Simple linear regressions explored whether membership in dyadic clusters
directly predicted continuous indices of emotion self-regulation at 6 and 12 months:
!"#$ !"#$%&'()*!! = !! + !! ∗ !"#$%& !"#$%&'!!
!"#$ !"#$%&'()*!! = !! + !! ∗ !"#$%& !"#$%&'!!
!"#$ !"#$%&'()*!"! = !! + !! ∗ !"#$%& !"#$%&'!! .
In keeping with the procedures outlined by Baron and Kenny (1986), follow-up multiple
regressions were planned to test whether 6-month regulation mediated the association
between 2-month dyadic emotion regulation and 12-month emotion self-regulation.
Separate analyses would be conducted using 6-month dyadic emotion regulation and 6month emotion-self regulation as hypothesized mediators:
!"#$ !"#$%&'()*!"! = !! + !! ∗ !!"#$% !"#$%&'!! + !! ∗ !"#$%& !"#$%&'!!
!"#$ !"#$%&'()*!"! = !! + !! ∗ !"#$%& !"#$%&'!! + !! ∗ !"#$ !"#$%&'()*!! .
Support for mediation hypotheses would be obtained if (1) 2-month cluster membership
directly predicted 6-month regulation and 12-month regulation, (2) controlling for the
effects of 2-month cluster membership, 6-month regulation predicted 12-month
regulation, and (3) once 2- and 6-month variables were entered in the same model, the
association between 2- and 12-month variables weakened or disappeared. As with prior
analyses, models were run in R Studio using the ‘lm’ function in the ‘stats’ package (R
Core Team, 2015).
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RESULTS
Attrition
As illustrated in table 5, results of multiple logistic regressions did not indicate
selective attrition by demographic characteristics at 2, 6, or 12 months. Thus,
demographic controls were not included in subsequent analyses.
Table 5.
Tests of Differential Attrition by Demographic Characteristics

2-Month Dyadic Emotion Regulatory Typologies
Posterior State Trajectories: Descriptive Statistics
Figures 2 and 3 describe the 2-month dyadic posterior state trajectories across the
entire sample. Figure 2 provides information on overall (i.e., not dyad-specific) sample
characteristics across time. Panel 1 reveals that, on average, the sample spent the most
time in state 1 (infant highly distressed, mother caretaking), followed by state 2 (infant
highly to moderately distressed, mother holding/rocking/vocalizing), then state 4 (any
infant distress, mother feeding/pacifying), and finally state 3 (infant fussy or calm,
mother holding/rocking/vocalizing). As panel 2 illustrates, the modal state trajectory
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begins in state 4, quickly transitions to state 1, passes through multiple transitions
between states 1, 2, and 3, and ends in state 1. Panel 3 indicates the proportion of dyads
in each state across time, revealing a quick drop in state 4, a gradual increase in state 3
with a corresponding decrease in state 1, and a drop in state 2 only towards the end of the
observation period. Panel 4 demonstrates that the sample becomes more entropic (i.e.,
divergent or unpredictable) as trajectories progress, following an asymptotic pattern with
a slight decrease at the end of the observation period.
Figure 2.
Characteristics of 2-Month Dyadic Posterior State Trajectories
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Figure 3 displays each dyad on the vertical axis as it moves through states across
time, shown on the horizontal axis. This figure illustrates a general pattern in which
dyads typically begin in state 1 (infant highly distressed, mother caretaking) or 4 (any
infant distress, mother feeding/pacifying), spend some time in state 1, and transition over
time from a state of higher to lower distress. This figure also demonstrates considerable

Figure 3.
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between-dyad variability; dyads spend different proportions of time in each state, spend
time in different states, pass through states in different sequences, and end in diverse
states. The combination of homogeneity and heterogeneity indicates that clustering is an
appropriate method for analyzing these data.
2-Month Cluster Solution
In keeping with the aforementioned patterns, agglomerative nesting with Ward’s
(1963) method revealed a strong underlying cluster structure in the set of 2-month dyadic
sequences (agglomerative coefficient = 0.96). The deondogram indicated that a 3 or 4

Figure 4.
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Note: Red lines demarcate clusters in the 3-cluster solution, while blue lines
demarcate clusters in the 4-cluster solution.
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cluster solution would best fit the data (see figure 4), and this was supported by fit
statistics. As demonstrated in figure 5, the Caliński Harabasz Index peaked at three
clusters and leveled off at six clusters; Pearson’s Gamma spiked at three clusters (Γ =
0.49), then increased slightly across 4-, 5-, and 6-cluster solutions. Dunn’s Index2, on the

Figure 5.
Fit Statistics for 2 Month Cluster Solutions
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other hand, spiked at three clusters with a value of 1.32 but did not level off until seven
clusters. Given these somewhat inconsistent statistics, the final cluster solution was
selected from the indicated range of three to seven based on substantive interpretability.
Thus, the 4-cluster solution was deemed to optimally describe the 2-month dyadic
trajectories.
Cluster 1 (n = 46) was termed the “well regulated” group. The defining feature of
trajectories in this cluster is the attainment and maintenance of state 3 (low/no infant
distress, mother holding/rocking/vocalizing), particularly toward the end of the
observation period. Recall that the observation ended when the infant was calm for 4
consecutive intervals and that dyads in state 3 contained infants who were either fussy or
calm. Thus, remaining in state 3 for large portions of time signifies that the mother is
soothing and the infant is partially soothed (but still fussy), and ending in state 3 prior to
the maximum observation period signifies that the dyad successfully attained a fully
soothed state.
As illustrated in figure 6 panel 1, dyads in this group typically begin in state 1
(infant highly distressed, mother caregiving) or 4 (infant at any reactivity level, mother
feeding/pacifying), spend some time in state 1, transition from state 1 to 3, spend
moderate to large amounts of time in state 3, and end in this state; little or no time is
spent in state 2 (infant highly to moderately distressed, mother holding/rocking/
vocalizing). Figure 6 panel 2 presents two representative trajectories in this cluster, both
of which begin in state 1 and end in state 3. The first representative trajectory depicts a
pattern of prolonged fussiness followed by calm; the latter displays a quicker transition
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Figure 6.
Descriptive Statistics for 2-Month Cluster 1: Well Regulated
Index Plot
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from fussiness to calm. As a group, the proportion of dyads in state 3 increases
substantially over time, accompanied by a sharp decrease in dyads in the distressed,
caretaking state (see figure 6 panel 3). Because of this strong pattern, the sample is less
entropic over time, eventually becoming completely predictable when almost all dyads
have reached state 3 or dropped out of the distribution (see figure 6 panel 4). Overall,
infants in this group appear easy to soothe, and mothers appear flexible in their selection
of effective regulatory strategies.
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Cluster 2 (n = 61), the “poorly regulated” group, was marked by a decrease in
infant reactivity accompanied by maternal regulatory behaviors, but a failure to reach
and/or maintain a calm state. Figure 7 panel 1 demonstrates that, similar to dyads in
cluster 1, those in cluster 2 typically started in state 1 (infant highly distressed, mother
caretaking) or 4 (infant any reactivity level, mother feeding/pacifying) and spent a
moderate amount of time in state 1. However, unlike dyads in cluster 1, those in cluster 2
typically transitioned to state 2 (infant highly to moderately distressed, mother
holding/rocking/vocalizing) and remained there for considerable time. Only 3 dyads
Figure 7.
Descriptive Statistics for 2-Month Cluster 2: Poorly Regulated
Index Plot
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spent any time in the fussy/calm state, and these were all brief spells. Figure 7 panel 2
further elaborates this pattern; the representative trajectory for this cluster begins in state
1 and ends in state 2. Similarly, figure 7 panel 3 illustrates the large and increasing
proportion of dyads in state 2 and the small proportion of dyads ever attaining state 3. As
illustrated in figure 7 panel 4, this cluster evinced moderate levels of entropy across time,
which fluctuated between about 0.3 and 0.8 but never approached 0 or 1. Taken together,
these patterns indicate a profile in which the infant is highly reactive and difficult to fully
soothe, although the mother persistently enacts putative regulatory behaviors.
Cluster 3 (n = 21) was termed the “disorganized” group. This cluster is unique in
the overwhelming proportion of time spent in state 1 (infant highly distressed, mother
caretaking). Figure 8 panel 1 demonstrates that, although the majority of dyads started
in state 4 (infant any reactivity level, mother feeding/pacifying), most dyads reached state
1 (infant highly distressed, mother caretaking) relatively quickly and remained in this
state for the majority of the observation period. Interestingly, dyads in this group are
likely to spend time in a variety states, including brief spells in the calm state. Figure 8
panel 2 further supports this pattern; the most representative trajectory in this cluster
begins in state 4, rapidly transitions to state 1, then reaches state 2 (infant highly to
moderately distressed, mother holding/rocking/vocalizing) toward the tail end of the
sequence. In a similar manner, figure 8 panel 3 indicates that, while the proportion of
dyads in state 1 remains high throughout, the amount in states 2 and 4 fluctuate, and the
amount in state 3 slightly increases over time. Given this variability, it is not surprising
that entropy varies widely across the observation period; as illustrated in figure 8 panel
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Figure 8.
Descriptive Statistics for 2-Month Cluster 3: Disorganized
Index Plot
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4, entropy begins at moderate levels, hits 0 about a third of the way in (when all infants
are in state 1), spikes to the 0.9 range, and finally ends at a moderate level. Overall, this
is the most disorganized cluster, in which infants typically remain distressed while
mothers evince few and fleeting regulatory behaviors.
Finally, cluster 4 (n = 13) was labeled the “feeding/pacifying” group, as defining
features included large proportions of time in the feeding/pacifying state (4), sometimes
combined with moderate amounts of time in distressed states (1 and 2), and little or no
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time in the fussy/calm state (3). As illustrated in figure 9 panel 1, dyads primarily begin
and end in state 4, although three begin in state 1, one ends in state 1, and three end in
state 2. Notably, only two dyads achieve brief spells of calm, and none end in this state.
Figure 9 panel 2 highlights the primacy of feeding/pacifying in this state; the
representative trajectory is comprised entirely of time spent in state 4. Similarly, the
state distribution plot (figure 9, panel 3) reveals a persistently high proportion of dyads in
state 4 across the observation period, although moderate proportions of dyads spend time

Figure 9.
Descriptive Statistics for 2-Month Cluster 3: Feeding/Pacifying
Index Plot
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in other states. The entropy plot for this cluster (figure 9, panel 4) indicates that
uncertainty was moderate to high throughout (with an approximate range of 0.35 to 0.8),
with the exception of a brief drop to 0 toward the end of the observation period, as the
remaining dyads were all in state 4. Taken together, these findings characterize cluster 4
dyads as diverse in terms of infant reactivity level but relatively uniform in terms of
predominant maternal regulatory strategies and failure to maintain a calm, regulated state.
Interestingly, 2-month clusters did not differ significantly on a host of
demographic and contextual characteristics, including infant sex, ethnicity, wellness on
the day of inoculation, and number of shots received, nor on maternal age, education, job
rank, and marital status. Clusters did differ significantly, however, on infant birth order
(χ2(3) = 13.02, p = 0.005). Specifically, firstborn infants were 2.05 times more likely to
belong to “well regulated” dyads (99% CIs = 1.35, 3.11), 0.24 times more likely to
belong to “disorganized” dyads (99% CIs = 0.12, 0.51), and 0.15 times more likely to
belong to “feeding/pacifying” dyads (99% CIs = 0.03, 0.54) as opposed to “poorly
regulated” dyads. Significant cluster differences were also found for infant irritability on
the day of inoculation (F(3) = 2.92, p < 0.05). Follow-up contrasts revealed that infants
in the “disorganized” cluster were significantly more irritable than those in the
“poorly regulated” or “feeding/pacifying” clusters (adjusted ps < 0.05).
6-Month Dyadic Emotion Regulatory Typologies
Posterior State Trajectories: Descriptive Statistics
Figures 10 and 11 plot characteristics of the 6-month posterior state trajectories
across the entire sample. Figure 10 illustrates overall sample characteristics across time.
As shown in panel 1, the sample spent the most time in states 3 and 5 (the two calm
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Figure 10.
Characteristics of 6-Month Dyadic Posterior State Trajectories
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states) and the least time in states 4 and 6 (any infant distress, mother feeding/pacifying
and any infant distress level, mother caretaking, respectively). Panel 2 presents the
modal state trajectory, which begins in state 1 (infant highly distressed, mother
holding/rocking/vocalizing), quickly transitions to state 3 (infant calm, mother
holding/rocking/vocalizing), then transitions to state 5 (infant calm, mother
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feeding/pacifying) and remains there for the majority of the observation period. Panel 3
illustrates the proportion of dyads in each state across time, highlighting several trends.
Most notably, the proportion of dyads in the two calm states dominate the state
distribution throughout and, by the end of the observation period, they are the sole
remaining states. High and moderate reactivity accompanied by maternal
holding/rocking/vocalizing begin at moderate levels but decrease over time, and any
infant reactivity accompanied by feeding/pacifying or caretaking remain low throughout.
Likewise, as portrayed in panel 4, entropy decreases over time as dyads move
increasingly to the calm states and/or drop out of the distribution.
Figure 11 plots each dyadic trajectory across time, revealing considerably more
heterogeneity than was apparent at 2 months. For example, while most dyads begin in
state 1 (high infant distress, mother holding/rocking/vocalizing), a sizeable portion began
in state 5 (low or no infant distress, mother feeding/pacifying), and several dyads begin in
each of the remaining states.

Additionally, while dyads that begin in state 5 remain

there throughout, those who begin elsewhere tend to pass through multiple states across
the observation period. Yet clear patterns are also apparent, including down-regulation of
infant distress accompanied by maternal feeding/pacifying, down-regulation of infant
distress accompanied by maternal holding/rocking/vocalizing, and maintenance of infant
distress accompanied by holding/rocking/vocalizing. Thus, as with the 2-month data, the
combination of heterogeneity and homogeneity suggests that cluster analysis is an
appropriate method for uncovering typologies within the 6-month trajectory data.
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Figure 11.
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6-Month Cluster Solution
As with the 2-month data, agglomerative nesting using Ward’s (1963) method
revealed a robust clustering structure underlying the set of 6-month dyadic trajectories
(agglomerative coefficient = 0.98). The dendogram and fit statistics each indicated that a
2-cluster solution would provide optimal statistical fit (see figures 12 & 13); however,
this solution was deemed overly simplistic from a substantive standpoint. Thus, in order
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Figure 12.
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Note: Red lines demarcate clusters in the 2-cluster solution, while
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to strike a balance between parsimony and theoretical relevance, plots of fit statistics
across a range of cluster sizes were used to identify the solution at which change in fit
indices leveled off (figure 13). A 5-cluster solution best met this criterion.
Cluster 1 (n = 27) was termed the “well regulated” group. The defining feature of
trajectories in this cluster is complete down-regulation of infant distress accompanied by
maternal holding/rocking/vocalizing rather than feeding/pacifying.

As illustrated in

figure 14 panel 1, dyads in this group begin in state 1 (infant highly distressed, mother
holding/rocking/vocalizing) or 2 (infant moderately distressed, mother holding/rocking/
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Figure 13.
Fit Indices for 6-Month Cluster Solutions
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vocalizing), then transition to state 3 (low or no infant distress, mother holding/rocking/
vocalizing), remain there for a moderate amount of time, and end in this state. Because
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dyads typically spend limited time in state 3 and end early in state 3, one can infer that
fussing was transient and a fully calm, regulated state was obtained. In keeping with this
pattern, the representative trajectory plotted in figure 14 panel 2 is comprised of brief
amounts of time in state 1 and then state 2, followed by a moderate amount of time in
state 3 that ends about a third of the way into the maximum observation period. Notably,
although most trajectories in cluster 1 closely approximate this pattern, one trajectory
follows a more protracted course, spending considerable time in distressed states and of
failing to maintain a fully soothed state. Figure 14 panel 3 illustrates the state distribution

Figure 14.
Characteristics of 6-Month Cluster 1: Well Regulated
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this group. For the first half of the observation period, the proportion of dyads in state 3
increases considerably, accompanied by a sharp decrease in the proportion of dyads in the
distressed and caretaking states; however, as calm dyads drop out of the distribution, the
proportion of distressed dyads increases before reaching a final low. Figure 14 panel 4
reveals that entropy began at moderate levels (as dyads began in 1 of 2 states), decreased
over time as dyads reached the calm state, and hit 0 once most dyads had dropped out of
the distribution. Taken together, these patterns characterize dyads that successfully
down-regulate infant distress via non-oral strategies.
Cluster 2 (n = 13), deemed the “moderately well regulated” group, resembled
cluster 1 in its overall pattern of down-regulated infant distress accompanied by maternal
holding/rocking/vocalizing rather than feeding/pacifying. This group was unique,
however, in that dyads spent much longer amounts of time in state 3 (low/no infant
distress, mother holding/rocking/vocalizing), signifying maintenance of lowered distress
(i.e. fussiness) via non-oral soothing strategies before a fully soothed state was attained.
As illustrated in figure 15 panel 1, dyads in this cluster spent little or no time in highly or
moderately distressed states and prolonged time in the low/no distress, regulated state.
Similarly, the representative trajectory presented in figure 15 panel 2 passes briefly
through state 1 (high distress, holding/rocking/vocalizing) and state 2 (moderate distress,
holding/rocking/ vocalizing), then transitions to state 3 (low/no distress, holding/rocking/
vocalizing), remains there through approximately interval 40, and then ends in this state.
In keeping with these patterns, figure 15 panel 3 illustrates the sharply decreasing
proportion of dyads in highly and moderately distressed states over the first quarter of the
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Figure 15.
Characteristics of 6-Month Cluster 2: Moderately Well Regulated
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observation period, after which all dyads are in state 3. Finally, the entropy index (figure
15, panel 4) reveals that uncertainty drops to 0 after about ¼ of the observation period,
when all remaining dyads are in state 3. As a whole, these patterns characterize cluster 2
dyads as successful but slower down-regulators who achieve a calm state without the use
of oral soothing strategies.
Cluster 3 (n = 22), termed the “effective food to soothe” group, is notable for the
moderate amount of time dyads spend in the feeding/pacifying states (4 and 5). As
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Figure 16.
Characteristics of 6-Month Cluster 3: Effective Food to Soothe
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illustrated in figure 16 panel 1, dyads in this cluster evince the most diversity in terms of
initial state, generally spend time in both distressed and calm states, and spend a
moderate amount (but high proportion) of time in feeding/pacifying states. More time
tends to be spent in the low/no distress feeding state (5) compared to the highly/
moderately distressed feeding state (4). In addition, while three dyads spend brief spells
in state 3 (infant fussy or calm, mother holding/rocking/vocalizing), the overwhelming
majority of dyads that achieve calm do so through feeding/pacifying. The primacy of the
low/no distress, feeding/pacifying state is illustrated by the representative trajectory plot
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(figure 16, panel 2), which is comprised solely of a brief amount of time in this state.
Similarly, the state distribution plot (figure 16 panel 3) demonstrates an increasing
proportion of dyads in state 5 accompanied by decreasing proportions of dyads in the
other states over time. Finally, the entropy index (figure 16 panel 4) indicates decreasing
uncertainty over time as dyads increasingly attain and maintain state 5. In summary,
dyads in this cluster are characterized by relatively quick down-regulation via oral
soothing strategies.
Cluster 4 (n = 17), the “moderately effective food to soothe” group, is similar to
cluster 2 but spends much more time in state 5 (infant fussy/calm, mother feeding/
pacifying). Thus, as opposed to those in cluster 3, dyads in this group experience
prolonged fussiness and typically fail to attain a fully soothed state. As demonstrated in
figure 17 panel 1, for instance, dyads in this cluster typically begin in state 1 (infant
highly distressed, mother holding/rocking/ vocalizing) or 5, spend the overwhelming
majority of time in state 5, and end in state 5 at the maximum observation period. Also in
contrast to those in cluster 2, these dyads spend little or no time in state 4 (any infant
reactivity, mother feeding/pacifying). The representative trajectory for this cluster (figure
17 panel 2) begins in state 1, quickly transitions to state 5, and then remains in state 5
through interval 48. Similarly, the state distribution plot (figure 17 panel 3) reveals a
pattern in which the proportion of dyads in state 5 increases dramatically over time,
accompanied by sharp declines in the proportions of dyads in distressed states.
Interestingly, roughly the first half of the entropy plot (figure 17 panel 4) displays a
pattern of change identical to the plot for cluster 2; these groups diverge, however, in that
the entropy values for cluster 3 are lower throughout, reaching and remaining 0 towards
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Figure 17.
Characteristics of 6-Month Cluster 4: Prolonged Feeding/Pacifying
Representative Sequence

1 Representative

N = 17 Trajectories

Index Plot

1
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1

Entropy Index

1
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1

state 1: high distress + hold/rock/vocalize
state 3: low/no distress + hold/rock/vocalize
state 5: low/no distress + feed/pacify

12

24

36

48

state 2: moderate distress+ hold/rock/vocalize
state 4: any distress + feed/pacify
state 6: any distress + caretake

the end of the observation period when dyads maintain extended calm with
feeding/pacifying. Thus, dyads in this group are unique in prolonged infant fussiness
while the mother employs oral soothing strategies.
Finally, cluster 5 (n = 52) was termed the “poorly regulated” group. The defining
feature of dyads in this group is the proportionally large amounts of time spent in
distressed states. For instance, as figure 18 panel 1 illustrates, dyads typically begin in
state 1 (infant highly distressed, mother holding/rocking/ vocalizing), spend a
proportionately long time in this state, and then transition to less distressed states such as
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Figure 18.
Characteristics of 6-Month Dyadic Cluster 5: Poorly Regulated
Representative Sequence

1 Representative
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state 1: high distress + hold/rock/vocalize
state 3: low/no distress + hold/rock/vocalize
state 5: low/no distress + feed/pacify
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state 2: moderate distress+ hold/rock/vocalize
state 4: any distress + feed/pacify
state 6: any distress + caretake

2 (infant moderately distressed, mother holding/rocking/ vocalizing), 4 (any infant
distress, mother feeding/pacifying), and/or 6 (any infant distress, mother caretaking).
Some dyads achieve fussy/calm states (3 and/or 5) by the end of the observation period,
but many remain distressed throughout. Figure 18 panel 2 presents the representative
trajectory for this cluster as beginning in state 1, remaining there for a brief time, then
transitioning to state 2 and almost immediately ending. Figure 18 panel 3 highlights the
varied behaviors enacted by mothers in this cluster, including holding/rocking/
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vocalizing, feeding/pacifying, or caretaking; the state distribution is comprised primarily
of dyads in states 1, 2, and 3 but includes a small proportion of dyads in feeding states at
about the halfway point, and a sizeable proportion of dyads in the caretaking state
throughout. Finally, the entropy index (figure 18, panel 4) for this cluster demonstrates
very low initial entropy as nearly all dyads begin in state 1, an initial spike in entropy as
dyads down-regulate at different rates and via different soothing methods, additional
entropy spikes as some dyads enact feeding/pacifying, then a general pattern of
decreasing uncertainty as dyads drop out of the distribution. In summary then, cluster 5
dyads are characterized by high levels of infant reactivity, diverse maternal behaviors,
and varied dyadic regulatory success.
Cluster comparisons revealed no significant group differences on any potential
control variables, including infant sex, ethnicity, birth order, irritability on day of
inoculation, or number of shots received, nor on maternal age, education, or job rank.
Predicting Membership in 6-Month Dyadic Regulatory Clusters
Membership in 2-month dyadic regulatory clusters did not predict membership in
any 6-month dyadic regulatory cluster. Several trends were initially apparent but
disappeared after adjusting alpha for multiple comparisons. Table 6 displays the overall
pattern of contingencies between the 6- and 2-month clusters.
Predicting 6-Month Regulatory Behaviors
Cluster membership at 6 months was not concurrently associated with emotion
self-regulatory behaviors during arm restraint. However, as indicated in table 7, cluster
membership at 2 months significantly predicted several indices of infant emotion self-
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regulatory behaviors during 6-month arm restraint. Membership in cluster 4
Table 6.
Cluster Membership Contingency Table

Table 7.
Membership in 2-Month Dyadic Emotion Regulatory Clusters Predicts 6-Month
Putative Emotion Self-Regulatory Behaviors
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(“feeding/pacifying”) as opposed to 1 (“well regulated”) at 2 months foretold a 0.055
(SE = 0.024) larger proportion of time engaged in putative emotion self-regulatory
behaviors in response to arm restraint. The pattern was similar when comparing infants
from cluster 4 to those in cluster 2 (“poorly regulated”); cluster 4 infants evinced a 0.057
(SE = 0.23) greater proportion of time engaged in putative emotion self-regulatory
behaviors during the 6-month arm restraint procedure. However, while these contrasts
were significant at the p < 0.05 level, the overall model was only marginally significant
(F(3, 113) = 2.668, p = 0.05). Examination of specific regulatory behaviors revealed that
orienting – but not self-soothing or communicating – was significantly predicted by 2month cluster membership. Belonging to 2-month cluster (“feeding/pacifying”) as
opposed to 1 (“well regulated”) significantly predicted a 0.090 (SE = 0.033) greater

Table 8.
Membership in 2-Month Dyadic Emotion Regulatory Clusters Predicts 6-Month
Orienting Behaviors
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proportion of time orienting attention during the 6-month arm restraint procedure.
Additionally, being in 2-month cluster 4 as opposed to 2 (“poorly regulated”) predicted
0.084 (SE = 0.032) proportionally more time orienting attention during arm restraint.
The overall model was significant and explained 8% of the variance in 6-month orienting
behavior (F(3, 113) = 3.135, p < 0.05).
Finally, 2-month cluster 2 dyads (“poorly regulated”) produced infants who
engaged in the highest rates of putative dysregulatory behaviors (avoidance and tension
release) during the 6-month arm restraint procedure. In comparison to infants from 2month cluster 2, those from cluster 1 (“well regulated”) demonstrated a 0.037 (SE =
0.018) lesser proportion of time engaged in dysregulatory behaviors; those from cluster 3
(“disorganized”) evinced a 0.048 (SE = 0.023) shorter proportion of time enacting

Table 9.
Membership in 2-Month Dyadic Emotion Regulatory Clusters Predicts 6Month Putative Dysregulatory Behaviors
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dysregulatory behaviors; and those from cluster 4 (“feeding/pacifying”) displayed a 0.061
(SE = 0.028) smaller proportion of time engaged in dysregulated behaviors. The overall
model was significant and explained 7% of the variance in 6-month dysregulatory
behaviors (F(3, 113) = 2.796, p < 0.05).
Predicting 12-Month Regulatory Behaviors
Neither 2- nor 6-month cluster membership predicted 12-month emotion selfregulatory behavior. Thus, neither direct nor mediated models were supported.
DISCUSSION
Typologies of Dyadic Emotion Regulation
The present study identified distinct profiles of dyadic emotion regulation in early
and mid-infancy and demonstrated longitudinal implications for emotion self-regulatory
development. When infants were 2 months old, four typologies of dyadic emotion
regulation were identified: (1) dyads in which the infant reached and maintained a calm
state while the mother held, rocked, and vocalized, (2) dyads in which the infant
decreased reactivity but did not attain calm while the mother held, rocked, and vocalized,
(3) dyads in which infants remained highly distressed while the mother engaged in
caretaking behaviors, and (4) dyads in which the mother fed the infant or used a pacifier
while the infant expressed any level of reactivity. Importantly, a clear contrast is
apparent between dyads in which mothers do and do not enact putative regulatory
behaviors (holding, rocking, vocalizing, feeding, or pacifying); infant negativity remains
extremely high in the absence of maternal regulation. Thus, in keeping with Kopp’s
(1982, 1989) developmental model of self-regulation, 2-month-old infants exposed to
acute physical pain appear taxed beyond their nascent neuroregulatory capacities and
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must instead work with caregivers to down-regulate their distress. Different maternal
behaviors appear differentially linked with such down-regulation. Consistent with the
earlier findings of Stifter and colleagues (Jahromi, Putnam & Stifter, 2004; Stifter &
Rovine, 2015), infants whose mothers engaged in combined holding, rocking, and
vocalizing tended to become less distressed over time, while those whose mothers
persisted with feeding and/or pacifying did not evince coherent patterns of change.
Notwithstanding such powerful maternal influences, the divergence between
clusters 1 and 2 highlights critical infant contributions to dyadic emotion regulation.
Specifically, although mothers enact the same behaviors in these two clusters, only
infants in cluster 1 attained calm. Thus, individual differences in infant soothability – a
key component of infant temperament (Goldsmith & Campos, 1982; Rothbart, 1981,
2007) – appear to impact dyadic regulation above and beyond maternal behaviors. This
finding accords with substantial prior research demonstrating infant effects on maternal
interactive behaviors. For instance, van den Boom & Hoeksma (1994) found that infants
who had been rated as highly irritable within the first 3 days of life subsequently evinced
more negative emotionality and elicited more soothing behaviors from mothers during
dyadic interaction. In a more recent study, Bridgett and colleagues (2008) found that
infants perceived by mothers to be highly negatively reactive were at risk for
compromised regulatory development which was, in turn, predictive of negative
parenting interactions during toddlerhood. Thus, infant negativity and soothability
appear to elicit specific maternal interactive behaviors in both the short- and long-term.
Taken together, the combination of maternal and infant effects described above
suggests bidirectional, recursive regulatory influences that are best conceptualized within
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a dyadic, systems framework (Cox & Paley, 1999; Minuchin, 1985). In keeping with the
perspectives of Tronick and colleagues (1980), Fogel (2003), Beebe (2006), and Feldman
(2007b), mothers and infants in the present study appear to exert temporally patterned
reciprocal effects on each other as they jointly construct a down-regulatory experience.
Mothers contribute specific soothing behaviors, which they adapt to infant reactivity
levels; infants contribute by detecting maternal contingencies and by their capacity to be
soothed by maternal ministrations. Dyads characterized as “well regulated” appear to
follow a trajectory similar to the “matching” (Tronick, 1989), “mirroring” (Beebe, et al.,
2010), or “synchronized” (Feldman et al., 1999) patterns described in the literature;
mothers respond to dyadic disequilibrium with affectively appropriate soothing
behaviors, infants show corresponding decreases in distress, and the interaction proceeds
in a reciprocal manner. Dyads in the remaining 2-month clusters appear to follow
trajectories similar to the “failed repair” pattern described by Tronick and colleagues
(1989, 2006; Beegly & Tronick, 2011), in which the dyad is out of sync in terms of
appropriate maternal regulatory behaviors and/or infant capacity to by regulated by such
behaviors.
Between-cluster differences in demographic and visit variables further emphasize
the importance of considering the transactional nature of dyadic regulatory interactions.
Dyads including a firstborn infant were least likely to belong to the “poorly regulated”
cluster, suggesting that maternal experience in a prior infant-caregiver dyad influences
her current responses to infant reactivity. It is possible that experienced mothers
expected and/or were less reactive to highly distressed infants and thus aimed primarily
to curtail exposure to the doctor’s office rather than soothe the infant. Alternately,
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experienced mothers may have been better able to recognize when putative regulatory
behaviors were ineffective and thus desisted such soothing efforts earlier than first-time
mothers. Experienced mothers’ attempts to soothe primarily via feeding/pacifying rather
than holding/rocking/vocalizing may be tied to prior success with older siblings; although
the strategy was not effective at 2 months, its effectiveness at 6 months suggests that
mothers with prior children had experienced success using this strategy with an older
infant. Infant contributions to dyadic interaction are further highlighted by cluster
differences in general irritability on the day of inoculation. Specifically, because
generally irritable infants were most likely to belong to “disorganized” dyads, it seems
that high infant reactivity pulls for maternal behaviors aimed at ending the stressful
situation rather than soothing the infant.
At 6 months, the following clusters of dyads were found: (1) those which attained
a calm, regulated state relatively quickly, (2) those which attained a calmer but still fussy
regulated state, (3) those who achieved calm through oral soothing strategies, (4) those
who achieved a calmer but still fussy state through oral soothing strategies, and (5) those
who remained distressed in the face of diverse regulatory behaviors. In contrast to the 2month clusters, all of the 6-month clusters describe down-regulation of infant distress,
and two describe attainment of a fully soothed state. Mothers spent more time engaged in
regulatory as opposed to caretaking behaviors, and infants appeared easier to soothe.
Thus, dyadic emotion regulation appears more established and effective at 6 compared to
2 months, in accordance with Feldman’s (2007b) conceptualization of a shift from
emergent to mutual dyadic regulation at approximately 3 months. Interestingly, though,
considerable discontinuity was apparent between 2- and 6-month dyadic emotion
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regulation, as 2-month regulatory cluster membership did not predict 6-month regulatory
cluster membership.
Prediction of Later Emotion Self-Regulation
In partial support of study hypotheses, successful dyadic down-regulation of
infant distress at 2 months (i.e., membership in cluster 1) predicted some but not all
emotion self-regulatory patterns during 6-month arm restraint. Contrary to expectations,
the experience of feeding/pacifying after 2-month inoculation – but not the experience of
down-regulation – predicted increased engagement in putative emotion self-regulatory
behaviors at 6-months. Examination of specific regulatory strategies revealed effects on
attention orienting but not self-soothing or communication, confirming the key role of
attentional strategies in reducing anger during this developmental period (Buss &
Goldsmith, 1998; Stifter & Braungart, 1995). Consistent with hypotheses, infants who
belonged to poorly regulated as opposed to well-regulated dyads at 2 months were more
likely to show dysregulation to 6-month arm restraint. Because the dysregulatory
composite included behaviors indicating high reactivity (i.e., back arching, thrashing),
this finding suggests continued reactive intensity and difficulty soothing from 2 to 6
months.
Interestingly, other dyadic profiles expected to promote later dysregulation –
namely, feeding/pacifying and disorganization – showed no ill effects. Because feeding/
pacifying reflects some attempt at regulation, it may have been sufficient for promoting
healthy emotion self-regulatory development; this interpretation aligns Cassidy’s view
that the experience of being soothed by the mother is more important to the mother-infant
relationship than the particular soothing strategies employed (Cassidy, 1994, 1999, 2000).
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As for the disorganized cluster, the characteristic caregiving behaviors reflected a special
circumstance and thus may have had limited implications for development. In summary,
then, emotion self-regulation at 6 months appears most associated with early dyadic
feeding/pacifying and failure to attain calm with holding/rocking/vocalizing.
Contrary to hypotheses, 12-month emotion self-regulation was not predicted by
any 2- or 6-month regulatory indices. This lack of significant findings may have been
partially influenced by the lesser variability in 12- compared to 6-month attention
orienting behavior; since executive attention matures substantially between 6 and 12
months (Garon et al., 2008; Rothbart & Rueda, 2005), nearly all 12-month-old infants in
the sample engaged in high levels of this behavior. Alternately, since negative emotions
become more differentiated between 6 and 12 months (Lewis, 2000), early dyadic
processes may be associated with regulation of later negative emotions other than anger.
It is also possible that the significant prediction from 2 to 6 months but not from 6 to 12
months indicates an early sensitive period for entrainment of regulatory systems and
processes (Bornstein, 1989; Feldman, 2007b).
The association between feeding/pacifying at 2 months and superior emotion selfregulation at 6 but not 12 months is also notable. Use of oral strategies to soothe infant
distress may promote short-term regulatory gains, but with potential risks for
dysregulated eating patterns and adverse child weight outcomes. Specifically, pairing
down-regulation of distress with oral soothing strategies may set the stage for emotional
eating in the absence of hunger (Stifter, Anzman-Frasca, Birch & Vogeltine, 2011). On
the other hand, the least desirable pattern from a theoretical standpoint (high infant
reactivity combined with the absence of maternal regulation) was not associated with any
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adverse outcomes. It is possible that, since infants in these dyads were the most irritable,
mothers had already implemented putative regulatory behaviors, failed to calm the infant,
and decided to down-regulate infant distress by removing them from the stressful context
of the doctor’s office. Unfortunately, since data on maternal behavior prior to inoculation
was not collected, such theories are purely speculative. An alternate explanation is that
the small cluster size (n = 21) did not provide sufficient power to detect real differences
between this group and others.
In summary, predictive results in the current study are largely inconsistent with
extant theory. While scholars such as Kopp (1989, 1982) and Feldman (2007b) posit that
early infant-caregiver regulation promotes superior self-regulation in later infancy, the
present study did not demonstrate coherent associations between early dyadic regulation
of distress to pain and later self-regulation of distress to limitations. In addition to the
potential explanations provided above, it is important to note the unique context in which
dyadic regulation was measured in the current study. Classic paradigms for studying
dyadic regulation involve play (i.e., Beebe, 2006) or exposure to mild stressors (i.e.,
Tronick, Als, Adamson, Wise, & Brazelton) and are designed to tap into everyday
interactional patterns; in contrast, dyadic regulation following painful inoculation
involves intense infant distress and is not an everyday experience. Dyadic regulation in
classic paradigms may reflect consolidated, canalized patters with considerable
implications for development (Fogel & Thelen, 1987; Gottlieb, 1991; Weinberg &
Tronick, 1996), while dyadic regulation in the current paradigm may represent an
atypical, transient pattern with limited long-term consequences. Alternately, dyadic
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regulation of very extreme distress may simply follow different patterns and have
different implications than dyadic regulation of less intense affect.
Strengths, Limitations, and Future Directions
The present study contributed to the literature by utilizing a truly dyadic
operationalization of early emotion regulation to predict later emotion self-regulatory
processes. Key study strengths include the use of naturalistic observational data, the
longitudinal as opposed to cross-sectional design, and utilization of advanced statistical
methods to model complex transactional processes. However, several limitations are also
notable. First, participants were primarily white and from middle class families, so
results should not be generalized beyond this demographic. Replication with a more
socioeconomically and racially diverse sample would help explicate the role of the
broader social context on dyadic interactions. Second, the present analyses did not
include dyadic or parenting measures beyond 6 months, although such factors have been
demonstrated essential to healthy regulatory development (Berlin & Cassidy, 2003;
Eisenberg et al., 1994, 1993; Morris et al., 2007; Morris et al., 2011; Spinrad, Eisenberg,
Cumberland, Fables, Valiente, et al., 2004; Spinrad, Stifter, Donelan-McCall, & Turner,
2004). Future studies should examine transactions between dyadic, parent, and infant
systems across longer periods of development. A related limitation is that, because only
infant data was included in the present analysis, possible effects on later development
were not examined. Because self-regulation is relatively nascent prior to 3 years of age
(Kopp, 1982), early dyadic emotion regulation may exert delayed effects that become
visible during the preschool years. Thus, future analyses will explore whether dyadic
emotion regulation in infancy predicts a broad range of emotion self-regulatory outcomes
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across a longer span of time (i.e., through preschool). Such further studies have the
potential to considerably expand scientific thinking about continuity and change from
early dyadic processes to later individual development.
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