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v+ which to examine these dynamics as carly development is associated with the
‘! greatest changes in emotion regulation, and emotion regulation skills; and these
 skills are reliably linked to later developmental gutcomes (Feldman, 2009). This
chapter aims to present research that focuses on the temporl dynamics of emo-
 tion regulation during infancy by presenting: (1) an overview of the development
of emotion regulation during infancy; (2) traditional, global approaches to the
. measurement of emodon regulation during infancy; and {3} temporal, moment-
. to-moment sequencing of emotion and regulatory strategies with an emphasis on
] % i the:methodological and statistical approaches to studying temporal associations.

- Finally, we highlight new statistieal techniques that would allow researchers o
- further unravel the complexities of emotion regulation during this time period.

" Emotion Regulation: Definition and
:4-, Developmental Sequelae

Emotion regulation is the process of monitoring, evaluating; and modifying emo-
* tional reactions to accomplish one’s goals (Thompson, 1994). Nobly, emotion
reguladon may affect the intensive and temporal features of the emotion such
as the intensity, speed of onset or recovery, persistence over time, and the labil-
ity of the emotion (Thompson, 1994). During the emotion regulation process,

ol
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difying several aspects og
the emotion. There are g

individuals generally deploy strategies aimed at mo
emotion, including the intensity and duration of
opmental processes that influence the ability to regulate emotional arouss) Ty
include, but are not limited to, fine and gross motor skills, neurophysiologigy
tems, and attention mechanisms (Feldman, 2009; Fox, Kirwan, & Reeb-Suh, ..‘
2012; Thompson, 1994). As a result of these maturational changes, an indivig
repertoire of emotion regulation strategies differs as a function of age, bepinni
with reflexive, motor-based strategies in the first months of life to sophisticgss
reapprasal strategies that emerge later in the life span. Kopp (1989) suggesifh
newborn behaviors typically consist of inidally reflexive actions such as 1o .'
and sucking, which may assist in regulating emotions. Until about two monthi
age, infant looking behavior is relatively constrained, a phenomenon referred t
obligatory attention (e.g.. Hunnius & Geuze, 2004; Reynolds & Romano, 2016)
example, during face-to-face interactions, infants will look almost contnuouslys
their parent’s face (Kaye & Fogel, 1980). By 3 months of age, however, infants g
increasing control over their motor actions. They may be able to volitionally cog!
trol their attention via head movements or voluntarily move their hands to th el
mouth to engage in self-soothing behaviors. Between 3 months and 7-9 month{
infants begin to develop cognitive skills necessary for more complex regulator
strategies (Kopp, 1989). Infanes’ memory improves during this period and thef
are better able to anticipate events. Infants gradually gain increasing awareness oG
their arousal states and are able to modify these states by engaging in a variety'dif
behaviors. For example, by 6 months of age, infants are able to flexibly shift thein
attention (Calkins & Hill, 2007), which can enable them to shif attention away}
from a distressing situation. Finally, by the end of the first year, infants gain thed
ability to communicate with gestures and develop carly language skills, Increaséd
fine motor skills allow infants to reach for and grasp objects, Improved .-
motor skills also allow infants the ability to physically control the environmen ..;
Kopp (1989) suggests that the most important advance at this age concerns the §
social aspects of emotion regulation. Infants are able to manipulate their caregivers 3
behavior and they are also able to actively recruit others when they need help. "
Emotion regulation is also interpersonal in nature such that an individuﬂ]k_’f.
emotions are regulated via intemctions with another individual. One interac- |
tional partner’s behavior and emotions influence the other partner’s behavior and ]
emotions (Cole, Martin, & Dennis, 2004; Ostlund, Measelle, Laurent, Conradt, & 4
Ablow, 2017). During early infancy, infants traditionally rely on their caregiver 10
regulate their emotions (Kopp, 1989). For example, when an infant displays dis- F
tress the caregiver may respond by modifying their own emotional expressions t0 (|
match the infant’s (e.g., showing a concerned expression; Tronick & Cohn, 1989),
by engaging in soothing behaviors (e.g., rocking,

caressing, etc.), or by assisting it

distracting the infant (e.g., pointing to interesting objects in the room). Gradually, o

across the first year,
gies, they rely less o
deploy these strateg

as the infant develops more sophisticated regulatory strate-
n their caregiver to regulate their emotions and are able to
ies earlier in the emotion regulation process (Kopp, 1989).
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gies aimed at modifying several aspects of t
and duration of the emotion. There are dadiiil
the ability to regulate emotional arousal, T
2 and gross motor skills, neurophysiologicy| * B
eldman, 2009; Fox, Kirwan, & Reeb ~Suther},; “
It of these maturational changes, an indivigy.
itrategies differs as a function of age, beginniy.
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ater in the life span. Kopp (1989) suggests (s
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1ctions, infants will look almost Com:inuously'a L
980). By 3 months of age, however, infants iy
r actions. They may be able to volitionally cqq
ments or voluntarily move their hands to g
sehaviors. Between 3 months and 7-9 mgp by
* skills necessary for more complex repul, ’f
temory improves during this period and.
- Infants gradually gain increasing awarenessg
modify these states by engaging in a variety of
hs of age, infants are able to flexibly shift t
vhich can enable them to shift attention 4
» by the end of the first year, infants gain
res and develop early language skills. In reased
reach for and grasp objects. Improved grod
ability to physically control the environment
it important advance at this age concerns i

- Infants are able to manipulate their caregives
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L _le in the first months of life an infant may display visible signs of dis-
preX TP cr;(ing)§ the caregiver responds by redirecting the infant’s attention to
&g;.:he infant’s negative emotions gradually dissipate. Several months later
wﬁc a change in this process: the infant shows signs of escalating negative
nk(c.g., fussing and whining), and before the caregiver can respond the
+rurns. their head and shifts their attention away from the source of frustra-
e marks an important shift in the development of emotion regulation
" fhat will continue throughout the toddler and preschool years,
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urement of Emotion Regulation during Infancy:
al Measures of Emotion and Strategy Use

pssed eatlier, emotion regulation is dynamic process that, during infancy,
sficed by maturational processes and interpersonal interactions. However,
rorically, such dynamic processes have typically been inferred from research
obal measures. Indices of emotion regulation during infancy often consist
essing levels of negative emotion, typically anger or fear, and the use of puta-
gulatory strategies (e.g., Buss & Goldsmith, 1998: Ekas, Braungart-Rieker,
brock, Zentall, & Maxwell, 2011; Frankel, Umemura, Jacobvitz, & Hazen,
bjassess emotion regulation, infants are often placed in situations designed
r distress {e.g., the Stll Face Paradigm, arm festraint, toy removal, intro-
.of novel object) and their facial expressions and behavior are observed,
situations, longer durations of facial expressions and greater intensities
gative emotion are generally thought to reflect poor emotion regulation
Bridges, Connell, & Grolnick, 1997). With respect to purported regulatory
%, greater use of strategies such as self-soothing {e.g., thumb sucking),
Evisual, disengagement from the distressing stimuli are thought to reflect bet-
Emotion regulation skills (Gianino & Tronick, 1988; Mangelsdorf, Shapiro, &
rzolf1995; Parritz, 1996; Rothbart, Ziaie, & O'Boyle, 1992), Unfortunately,
measures of emotion and behavioral strategy use fail to capture the dynam-
ctively recruit others when they need helgi SRemotion regulation. That is, higher levels of negative emotion only indicate
rpersonal in nature such that an indivi $ues emotion was activated and cannot Provide information about whether

:tions with another individual. One intetag Fmotion is being regulated. For example, an infant with high negative emo-
ons influence the other partner’s behavior 4 1 2y be regulating from even higher levels. Similarly, the use of visual disen-
2004; Ostlund, Measelle, Laurent, Conradft8 SRent or self-soothing does not allow one to discern whether the behavioral

.infants tradidonally rely on their caregi
9). For example, when an infane displays
nodifying their own emotional expl'ESSiU“?.
oncerned expression; Tronick & Cohi?. 198
.&.g., rocking, caressing, etc.), or by assistin,
to interesting objects in the room). Grad
evelops more sophisticated regulatory ”-:-'-
er to regulate their emotions and are abl=§
1e emotion regulation process (Kopp, 198

§5)'Serves a regulatory function. An infant putting their hand in their mouth
£av8 1o effect on negative emotion,

Now seminal work, Cole and colleagues (2004) suggested several meth-
directions for the study of emotion regulation that aim to capture the
=S of emotign regulation. First, independent measurement of the activated
n“ft' and the purative regulatory strategy is necessary. Cole et al, {2004) argue

g the leve] of negative emotion to indicate whether an individual is effec-
fulating their emotions is a potential confound as it does not allow one to
- ™gulating and regulated aspects of emotion. In addition, it js important
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that researchers are able to make strong inferences that the emotion being sl
was indeed present. For example, situations in which the infants’ goals have ey
blocked (e.g., arm restraint) or expectations are violated (e.g., Sdll Face Pa
afford the opportunity for infants to experience and regulate anger or frustm
the exposure to novel simuli (e.g., stranger approach) is likely to simulate fi
ings of fear. However, in neither situation can one be confident that the emoy
reaction occurred if that reaction is not measured. In such situations, resea
studying emotion regulation should separately measure both the activated
tion, often through facial expressions and vocalizations, and the putative behavids]
strategies, such as direction of gaze and self-soothing (e.g., Braungart-Rieker ¢ -'.-
1998; Buss & Goldsmith, 1998; Crockenberg & Leerkes, 2004; Ekas et al., 2016
Ekas, Lickenbrock, & Braungart-Rieker, 2013; Stfter & Braungart, 1995). Newes
research has also begun to incorporate physiological indices of emotion, such
heart tate variability and skin conductance (Calkins & Johnson, 1998, Feldmany
2009; Morasch & Bell,2011), providing a multimodal assay of the activated emotiont
Fortunately, a burgeoning body of research has included distinct measuresiof
the activated emotion and behavioral strategies. Early on, this body of researct
attempted to capture the process of emotion regulation by examining correlationas
associations between emotional expressions and behavioral strategy use using scores
that were aggregated across the task. This design offered a first step in identfyings
behavioral strategies that may be effective at regulating emotions. In one illustrative
study, Braungart-Rieker et al. (1998) found that 4-month-old infants who extibs
ited greater negative emotion averaged over the entire Still Face Paradigm showeds

\For example, if an infant is experie
g a reduction in subsequent distress 3
s qr regulating negative emotion. In ad:
= rement of the activated emotion and the
B004) urged researchers to examine Fhe t
s By examining temporal associations
t.e intensity of an infant’s emotion ch:
oral strategy. 1f a behavioral strateg
d expect a decrease Or increase in the
2t strategy. Thus, examining temporal ass
oment dynamics within the process ofe
ining the temporal associatons be
oral strategies requires researchers to i
1 and strategies. Scores capturing the
emotion or engaging in self-soothit
ced measures of the activated emotior
arly research assessing these temporal
strategy use in 55,105, 0r 135 epochs
mgart, 1995; Diener & Mangelsdorf, 19
(Ekas et al., 2011; Ekas et al., 2013:
es continuously (Crockenberg & Lec
ilso required to udlize seatistical techni
fations. Studies examining temporal assoc:

Jess overall self-soothing and objective orientation during the task. Likewisc, Dieneth ‘:;“ & Braungart, 1995), and used cond
; srith, 1998; Crockenberg & Leerkes, 2004;1

Mangelsdorf, McHale, and Frosch (2002) found significant correlations berweel': i,
infants’ emotional expressions and strategy use during a competing demands @k$ msearch has incorporated contingency and
Specifically, higher levels of overall distress were associated with more self-soothing 8 e (Ekas et al., 2011; Ekas et al., 2013:
and less distraction across the task, whereas infants who exhibited more positive & Sitiering me scales and statistical analyses,
emotion showed more social referencing, distraction, and engaging the parent.Th{ - on 5031 of examining the process of emoti
relative effectiveness of a given behavioral strategy is inferred via the strength 302 8 __*:-' o - the use of change scores (including
direction of the correlation, such that an inverse relationship suggests that the par= & R odels in the srudy of infant emotion regul
ticular strategy is effective at regulating negative emotion. Although studies employ= : md results from studies utilizing these mett
ing correlational techniques provide important information concerning the role & 8 e

behavioral strategies in the regulatory process, they do not allow for the inferenc® &

" Examining Temporal Associations Us
that the strategy led to an increase or decrease in the activated emotion.

}Ehe first known study to examine the te
s 20d behavioral strategies utilized change s
- Study of 5. and 10-month-old infants usec
" “femotion and coded the following regt
fite of escape behaviors and scanning wit
g I':omPOSite of eyes focused on mother or

B h::?m“nicaﬁve behaviors (composite of ¢
i 10 ed during an arm restraint task at 5m
;'.-.. - Months of age, both designed to elicit

B

Measurement of Emotion Regulation during Infancy:
Temporal Associations between Emotions and Behavioral

Strategies

The process of emotion regulation involves a change in the activated cmoﬁo'“
(Cole et al., 2004; Thompson, 1994), Thus, for example, at any time the indi- ; f
vidual may deploy strategies aimed at changing the intensity of the emotion. |

the strategy is effective, we would expect to witness 2 change in the activat®® =
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trong inferences that the emotion being Studieg . For example, if an infant is experiencing distress and engages in self-
situations in which the infants’ goals have bEen-l, g 2 reduction in subsequent distress would sugpest that self-soothing is
sectations are violated {e.g., Still Face Pary digm) ¥ T regulating negative emotion. In addition to ensuring the independent
to experience and regulate anger or frustrag, - : " ent of the activated emotion and the putative regulatory strategies, Cole
L., stranger approach) is likely o stimulate feel. ; 2004) urged researchers to examine the temporal associations between these
tuatdon can one be confident that the emoﬁoni‘. i es. By examining temporal associations, researchers can assess the extent to
is not measured. In such situations, researchey, ch the intensity of an infant’s emotion changes as 4 result of performing a spe-
id separately measure both the activated emq. 3 c behavioral strategy. If a behavioral strategy serves a regulatory purpose, then
ms and vocalizations, and the putative behavigr " ould expect a decrease or increase in the activated emotion following the use
+ and self-soothing (e.g., Braungart-Ricker o al, Hﬁﬂ‘ strategy. Thus, examining temporal associations can capture the moment-
‘rockenberg & Leerkes, 2004; Ekas et al,, 201&; " oment dynamics within the process of emotion regulation.

Lieker, 2013; Seifter & Braungart, 1995). Newg,. toamining the temporal associations between the activated emotion and
rorate physiological indices of emotion, such 5 Javioral strategies requires researchers to incorporate micro-level measures of
nductance (Calkins & Johnson, 1998, Feldmm‘ 3 tion and strategies. Scores capturing the proportion of time spent displaying
ding a muldmodal assay of the activated emoﬁ(,m'"- : sve emotion or engaging in self-soothing are not sufficient. Multiple time-
y of research has included distinct measures of — enced measures of the activated emotion and behavioral strategies are neces-
joral strategies. Early on, this body of research | v Early research assessing these temporal associations often measured emotion
f emotion regulation by examining correlationg) ndistrategy use in 55, 10's, or 15 s epochs (Buss & Goldsmith, 1998; Stifter &
pressions and behavioral strategy use using scoreg Beungart, 1995; Diener & Mangelsdorf, 1999). Newer research has utilized 1 s
sk, This design offered a first step in iden% Entervals (Ekas et al., 2011; Ekas et al., 2013a; MacLean et al., 2014) or measured
flective at regulating emotions. In one illustrative Sariables continuously (Crockenberg & Leerkes, 2004). In addition, researchers
38) found that 4-month-old infants who exhibi areralsor required to utilize statistical techniques that move beyond simple cor-
aged over the entire Stll Face Paradigm showed:!) r:": tions. Studies examining temporal associations have employed change scores
tive orientation during the task. Likewise, Diener;. Stiffer & Braungart, 1995), and used contingency analyses (e.g., Buss & Gold-
1 (2002) found significant correlations between emith;;1998; Crockenberg & Leetkes, 2004; Diener & Mangelsdorf, 1999). Newer
| strategy use during a competing demands task: itesearch has incorporated contingency and sequential analyses within multilevel
. distress were associated with more self-soothing: 5. (Ekas et al., 2011; Ekas ec al., 2013a; MacLean et al., 2014). Despite the
¢, whereas infants who exhibited more positive’ ing time scales and seatistical analyses, each of these studies shared 2 com-
encing, distraction, and engaging the parent. The goal of examining the process of emotion regulation. The following sections
havioral strategy is inferred via the strength and amine the use of change scores (including contingency analyses) and muitilevel
that an inverse relationship suggests that the par< els in the study of infant emotion regulation. Details on model specifications
ting negative emotion. Although studies employ- * iresults from studies utilizing these methods are also presented below.

Je important information concerning the role of 8
:ory process, they do not allow for the inference;

1

or decrease in the actvated emotion. i

W
st

{&amining Temporal Associations Using Change Scores

first known study to examine the temporal associations between emotion
ehavioral strategies utilized change scores (Stifter & Braungart, 1995). This
of 5- and 10-month-old infants used negative vocalizations as an indicator
*¢motion and coded the following regulatory strategies: avoidance (compos-
e _'Df- escape behaviors and scanning without focusing on object), orientation
{*emposite of eyes focused on mother or object), self-comforting behaviors, and
.'-" municative behaviors {(composite of gestures and vocalizations). These were
% _ d during an arm restraint task at 5 months of age and a toy removal task at
-‘m""ths of age, both designed to elicit anger. A single score representing the

tegulation during Infancy:
~een Emotions and Behavioral

on involves a change in the activated emotion 5
994). Thus, for example, at any time the indi‘“-'
ed at changing the intensity of the emotion. IS
Id expect to witness a change in the activate®
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peak level of negative emotion was coded for each 10 s epoch. The pres -
regulatory strategies was coded continuously and a score representing the-
number of seconds per 10 s epoch was calculated. To determine whether. o
stracegy was associated with a change in negative emotion, a change sco h
epoch to epoch was computed. For example, if negative emotion during 3,65
10 s epoch was 5 and then during the next 10 s epoch the negative emotiogaes
was 3, then the change score would be =2, indicating that there was a decreiss
the intensity of negative emotion. .
Next, three groups of epochs were formed on the basis of the epoch-to- . B
change score: decreasers (negative emotion decreased from one epoch tos
next), increasers (negative emotion increased from one epoch to the next)
no change. Thus, the degree of change was not used in analyses, Repeated
ures analysis of variance with the change group as the independent variabl
concurrent behavioral strategy use as the dependent variable was used to
study hypotheses. At 5 months of age, orientation was more likely to occur
ing periods of decreases in negative emotion, suggesting that focusing a
on the mother or an object in the room were effective strategies for reg
negative emotion. At 10 months of age, orientation was not significantly assa i
ated with changes in negative emotion; however, self-comforting behaviors we
more likely to occur when negative emortion was decreasing. Thus, the results sug-
gest that orientation and self-comforting may be effective strategies for reg :
negative emotions at different ages. This study represented an important first'stEg
in identifying strategies associated with concurrent changes in negative emodaﬁi
however, the calculation of change scores and the statistical techniques used dids
not allow for a more nuanced determination that the strategies Jed to decreasesifil
negative emotion. L
Two later studies utilized a similar approach to examine the effect of putative 3
regulatory strategies on the regulation of fear and anger in 6- to 24—m0nth—013.:;-
infants (Buss & Goldsmith, 1998; Diener & Mangelsdorf, 1999). In both studl'ﬁs‘l"'
researchers identified when a behavioral strategy occurred and then examined 8
whether the intensity of the emotional expression {fear or anger) changed m_
the next epoch. The total number of “increases,” “decreases,” and “no changCSf'i;
was calculated. Observed frequencies were computed from the epochs in which 8
a putative regulatory strategy occurred. In addition, in order to conduct com: §
parisons with the observed frequencies, the rate of increases, decreases, and no |2
changes across epochs when a putative regulatory strategy did not occur was alsc 8
calculated. Next, chi-square analyses were conducted to compare the observed
frequency of increases, decreases,and no changes when the behavioral strategy did

=

occur compared to the base rates when it did not occur. Thus, researchers were S8

able to determine whether the observed values were different than what would 3§ u
have been expected by chance, given the base rates when the behavioral strategy 8

did not occur. The two studies that utilized this analytic approach are described £l

in detail below.
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i coded for each 10 s epoch. The presence of E
itinuously and a score representing the ma,,
was caleulated. To determine whether 3 giver, E
ge in negative emotion, a change score from
: example, if negative emotion during a given
1e next 10 s epoch the negative emotion scors
be —2, indicating that there was a decreage n e

. Buss and Goldsmith (1998) examined changes in fear and anger at 6, 12, and
. 3rm0“d‘5 of age. Fear and anger were examined during situations designed to
l1 ic each respective emotion. For example, anger was assessed during an arm
1.'1':1!-11,: task and when an attractive toy was placed behind a barrier. Fear was
i ined during presentation of a remote controlled spider and a mechanical
?;;:[lhc peak intensity of fear and anger facial expressions and vocalizations were
;{ﬂl wasured during 5 s or 10 s epochs (dependent on task). A variety of putative
| latory behaviors were coded as present or absent during each epoch includ-
1 ,' loking at mother/experimenter, visual distraction, reach for toy, withdrawal,
"?ﬁd_mtemcting with stimulus. The results of the chi-square analyses indicated
.'r, in the fear-eliciting tasks, only withdrawal from the fearful stimulus {i.e.,
§ echanical dog) was associated with a decrease in the expression of fear. This
. Rﬂ'tgy may function in a similar manner to the orientation behaviors coded in
Gfter and Braungart (1995), described eatlier. Redirecting behavior away from
e source of distress (e.g., fearful stimulus or unavailable toy) may be an effective
| oy for infants to distract themnselves. On the other hand, during the anger tasks,
| each of the putative regulatory strategies (looking at mother/experimenter, visual
distriction, reach for toy, and interacting with stimulus) were associated with a
| iduction in anger in the following epoch. Although associated on an epoch-by-
och level in the anger episodes, overall correlations between levels of anger and
pzseof behavioral strategies were unrelated. Consistent with the call to action of
| Eale ct al. (2004), temporal associations were key to uncovering the dynamics of
emation regulation.
" In a cross-sectional study, Diener and Mangelsdorf (1999) examined the tem-
iporal. associations between fear and anger and behavioral strategies in 18- and
onth—olds.The study consisted of two anger-eliciting (toy removal and delay
lofi gratificacion) and two fear-eliciting (mechanical octopus and monster pup-
episodes. Fear, anger, and behavioral strategies were coded in 15 s epoch
infants’ emotional expressions and assigned an intensity score. The follow-
angbehavioral strategies were coded as present or absent: fussing to mother, help
eeking, social referencing, engaging the mother, distraction, leave-taking, avoid-
playing with the stimulus, problem solving with toy, tension release, and
telf:soothing. Across emotion-eliciting episodes, fussing to the mother was associ-
L ated with decreases in negative emotion. In this study, fussing to the mother was
@&fined a5 negative vocalizations directed to the mother and excluded generalized
ess; thus, it was considered to be separate from negative emotion. However,
SHIEr Strategies varied as a function of the emotional context. Similar to Buss and
|'ﬂsrnith's {1998) results, avoidance was associated with declines in fear, but not
43get. One strategy commonly assumed to regulate negative emotion, distraction,
WWatiassociated with the maintenance of anger and not with changes in fear. This
Surprising because averting gaze is generally thought to be a strategy that
%5 use to reduce distress. Similarly, self-soothing was also associated with the
tenance of anger and not associated with changes in fear. It is possible that
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arved values were different than what would A
n the base rates when the behavioral strategy &
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the effectiveness of strategies changes as a function of age, such that stritegies

that were effective during the first year of life were no longer effective among

the 2-year-olds seen in Diener and Mangelsdorf (1999). In addition, the time

scale used in the current study, 15 s epochs, may have been too long to capture
the moment-to-moment changes in negative emotion that may be taking place,
Ovenall, the results of this study suggest that strategies commonly thought to

regulate negative emotion (e.g., distraction, self-soothing) based on correlational &

evidence were not significantly associated with changes in negative emotion.
The studies described above coded behaviors using epochs of varying lengths
(3 s to 15 s); however, advances in computing, particularly statistical software

programs, have allowed emotion regulation researchers to measure infant emo-
tion and behavior at a micro, moment-to-moment level. For example, instead

of measuring target behaviors in 5 s or 15 s epochs, which may only capture
the peak or average level of emoton, researchers can easily and at relatively low
cost measure behavior in 1 s intervals or conduct continuous ratings of behavior
(Chow, Haltigan, & Messinger, 2010). Given the speed at which human emo-
tion and behavior can change, some researchers measure facial expressions dur-
ing each frame of a video recorded interaction (30 frames per second; e.g., Ekas,
Haltgan, & Messinger, 2013), Statistical software programs were also developed
to meet the computing required by such intensive data. For example, Bakeman
and Quera’s (1995, 2004) Generalized Sequential Querier (GSQ) was developed
to examine transitions between behavior states. Similar to the analyses discussed
in earlier paragraphs, this program allows researchers to determine the frequency
of the co~occurrence of infant behavioral strategies and changes in infant emo-
tion. In the only known study of infant emotion regulation to use the GSQ
program, Crockenberg and Leerkes (2004) examined the regulation of fear in
6-month-old infants. Infants were placed in two fear-eliciting situations in which
a novel object (fire truck with a voice, siren, and lights, and a bumble ball) was
presented. Mothers were instructed to refrain from interacting with their infant
during one situation and were allowed to interact with their infant during the
second situation. Infant intensity of emotion was coded continuously using 3
7-point scale that incorporated infant facial expressions, body tension, and vocali-
zations. Change scores were calculated by the GSQ program (Bakeman & Quen,
1995) to determine instances of reduction in negative emotion {1.e., change from
a higher to lower intensities of negative emotion), escalation of negative etnotion
{.e., change from a lower to higher intensities of negative emotion}, and calm-
ing (i.e., change from negative emotion to neutral or positive emotion). A vari-
ety of putative regulatory strategies, including visual and motor strategies, were
also coded continuously. The GSQ program identified each instance of reduction,
escalation, and calming within 0.10 s of one of these behavioral strategies. Thus,
compared to previous research, GSQ provided greater precision in identifying the
confluence of changes in negative emotion and potential regulatory strategies.
It is important to note, however, that the analyses of Crockenberg and Leerkes
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. J04) were limited to identifying the co-occurrence of a behavioral strategy and
in negative emotion,

o the same study, when mothers were uninvolved, the behavioral strategies
Jooking awa, self-soothing, and withdrawal were associated with reductions
pegative emotion. Looking away from the simulus and self-soothing were
offective calming strategies. Withdrawal was also associated with increases

- pegative emotion. Of particular interest, and in support of the suggestions by
-- 'bfe eral. (2004} for the use of temporal analyses, the correlations between aver-
-c.'- levels of negative emotion and strategy use differed from the results of the
' Ltingency analyses. Looking away and self-soothing were not significantly cor-
" 2eted with overall levels of negative emotion, suggesting they were not serving
tory function. However, the results of the contingency analyses suggested
ise. Thus, in order to accurately identify the behavioral strategies that are
I-',-onsible for a change in negative emotion, the use of analytic techniques that
e temporal ordering is needed.

" ‘Although the contingency analyses in these studies improved upon the use
L correlation analyses, there are several limitations to the methods that warrant
sion. First, contingency analyses fail to account for the autocorrelation of
otion from one epoch to the next, Often, researchers studying infant emo-
fon-regulation are interested in behaviors that occur at a relatively low frequency.
¢ approaches described may not be robust in analyzing infrequently occurring
jors. There is also some confusion as to whether the contingencies refer to
co-occurrence of the behavioral strategy and change in negative emotion or
hee they are measuring whether a behavioral strategy at time ¢ predicts a
in negative emotion from time ¢ to time -+ 1. The latter is critical to estab-
g whether a given behavior’s strategy is effective at regulating negative emo-
In addition, studies that include temporal sequencing often focus only on a
. lag in ame. However, it is possible that a given behavioral strategy may not

peimmediately effective at regulating negative emotion at time ¢ + 1, but may be
effective at time ¢ + 2 or beyond. It may also be particularly informative to deter-
z -how long the regulating effect of a given strategy lasts. Another important
estibn that cannot be answered by contingency analyses is the degree of change
ensity of negative emoton. For example, a change from a negative emoton
£7 to 2 or a change from 5 to 4 would both be considered a reduction.
tormer example represents a more intense initial state and a more profound
tory change than the latter. Finally, contingency analyses are unable to test
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Multilevel modeling has emerged as a powerful statistical too] in the i

emotion regulation and has several advantages over other methods, One nf
advantage is that multilevel modeling can easily handle missing data and g8
require balanced data, This is important because when examining the tgs
associations between emotion and behavioral strategies, researchers typi
repeated measures of each variable. For example, 3 2 min emotion-eliciting}
ation may be divided into eight 15 s epochs (e.g., Buss & Goldsmith, 19 ’
as seen in newer research, into 120 1 s intervals (e.g., Ekas et al., 2011) 7
coding infant emotion and behavior on a second-by-second basis there
to be instances of missing data. For example, the infant’s face may be tempa
blocked, preventing coding for a short period of tme, In some cases, infankg
have unequal numbers of observations because the situation was terminatzdig
to excessive distress, Multilevel, or mixed—eﬁ'ects,mudel.ing does not require o
Plete or balanced data to fit a repeated measures model. Multilevel modeling a8
has the advantage of using all available data from 2 given individual, rather tig
relying on listwise deletion of individuals with mcomplete data, &
With respect to study design, another advantage of mulaleve) modeling is'th
ability to use intensively sampled behavior (e.g., second by second, frame by fr:
while accounting for the autocorrelation between measurement periods. Th
sion of dme scales (i.c., 1 5 intervals vs. longer epochs) should be driven by:th
retical considerations, as the upper limit for the number of measurement poins X
use in typical multilevel modeling is generally constrained only by the researc]
computing capabilities. Although there are no firm rules on the minimurm nur
of measurement points needed, researchers commonly use multileve] modeling
with as few as 20 to 30 measurement points {e.g., Thomas et al., 2017). by
When analyzing the temporal associations between emotion and behaviord!
strategies, the primary goal is to determine whether a given strategy is assod-
ated with change in emotion. This is consistent with the theme of change that3s%
inherent in the definition of emotion regulation. The previously discussed stlldT?
ies focused on whether or not change occurred; however, the available Statisti..
methodologies were unable to ascertain the degree of change or the level from/.
to which the change accurred. Thompson’s (1994) definition of emotion Cﬂ-uﬁf.
attention to the importance of the temporal and intensive features of emotiond, - . . nee
reactions. Research using multilevel modeling has recently been able to exam- § : 2_;10 mox?ths °fag‘?‘d“: sm‘:e?nwt;‘zel;r’gv
ine both of these features’ aspects in infants (Ekas et al., 2011; Ekas et al., 20132 (S "€ emotion, Mﬂdeve ™o b hg'ioml strateg
MacLean et al., 2014; Thomas et al., 2017). This is because multilevel modeling 15 '.~- ”‘ - Flodel tcf exarrun_c w}TEtl:;raf lio::;ng momen
a regression-based approach as opposed to the conditional probability approach ! IIE_g'a!Jve emonon 1n e nl? 1n order to
used in contingency analyses. That is, not only can the question of whether 2 Sf Ns?clauon changes acrr:)lssdl Es a minimu
given strategy is associated with a change in emotion be addressed, but we can also i :Q“CS of the.se tempo Blm orde; o formal
ascertain frow much change occurs. Multlevel modeling also allows researchers to 3 t,e“ for -lmear chalr)lge. c:n age and the b
specify coefficients as random in the models, allowing each individual to have 2 I  interaction term berw
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rrnate for each parameter. Predictors of these individual differences can
ified. Possible variables that researchers may be interested in include
hic variables (e.g., socioeconomic status), temperament, or attachment,
others. [n sum, multilevel modeling provides numerous advantages to the
o ofinfant emotion regulation over previously used methods.
.fthesc multilevel models, the general model specification is that behavioral
cs at time { are hypothesized to affect the change in infant emotion from
+ 1.To eliminate the possibility that the lagged effects of behav-
serategies on infant emotion might be due to initial levels of infant emo-
i.c., infant emotion at time £, initial infant emotion is included as a control
1o in the model. With the inclusion of the initial level of infant emotion,
dependent variable can be interpreted as residualized change in infant emo-
- mtime ¢ to tme ¢ + 1 (Kessler & Greenberg, 1981). In addition to testing
har there is immediate change in infant emodon from one interval to the
sesearchers can also specify models testing for change at various lags. The use
g given behavioral strategy may not effect immediate change (i.e., within 1 s).
an increase or decrease in levels of infant emotion may not occur for sev-
L caconds after a strategy is used by the infant. However, this would be missed
earchers only tested the ¢ + 1 lag. Therefore, researchers can specify multiple,
‘models of ¢ + 2 lags and beyond.
ther advantage of multilevel modeling is that researchers can test whether
 effectiveness of a behavioral strategy varies as a function of time. Time could
- eprualizcd as the elapsed time during the emotion-eliciting situation or it
efer to a larger time scale of chronological age (i.e., in a longitudinal scudy).
wstrategy may not be effective at the beginning of a task situation, buc
in.effectiveness as the situation continues. For example, when infants are
reach a toy of interest during the toy removal task, self~soothing (e.g.,
cking) may inidally decrease levels of negative emotion, but as the situa-
resses and becomes more stressful {e.g., they still can’t reach their desired
ttategy may not reduce negative emotion to the same extent the strategy
cin the task. In addition, a given strategy may not be particularly effec-
gulating infant emotion at one age but may become more effective as
evelops or vice versa. Indeed, Sdfter and Braungart (1995) found that
(i.e., focusing attention on mother or object) was an effective strategy
Hing negative emotion at 5 months of age; however, in separate analyses
lomths of age, this strategy was no longer associated with changes in nega-
0. Multilevel modeling, however, would allow researchers to use one
eXamine whether a behavioral strategy at one moment leads to a change
®emotion in the following moment and whether the strength of that
‘Chﬂngcs across infancy. In order to examine the developmental trajec-
= *s¢ temporal dynamics, a minimum of three time points are needed
linear change. In order to formally test for developmental changes,
Oh term between age and the behaviorl strategy is specified as a




42 Naomi V. Ekas et al.

predictor of the change in negative emotion. Below, we describe several studies
that have incorporated these techniques. Vi

Ekas and colleagues (2011) were the first to apply multilevel modeling 1o/
the study of the temporal associations between behavioral strategies and infant
emotion. In this study, 20-month-olds participated in two separate modified Sil
Face Paradigms with their mother and father. Similar to the traditional Sl Face
Paradigm, the situation was designed to elicit negative emotion when the parent |
became unresponsive and the infant was left to attempt to operate a difficule toy; -
Infant negative emotion and putative regulatory strategies were separately coded
on a second-by-second basis. The behavioral strategies included those previously . :
found to be associated with negative emotion, including parent-focused (fooking
at, vocalizing to, or gesturing to the parent), self-distraction (visual distraction; i
vocalizing to self, and self-soothing), and stimulus-focused strategies (interact-
ing with stimulus or looking at stimulus). Because this was the first study to use

multilevel modeling the study authors explored models witha 1,2, 3,4,and 55

i

lag. Thus, behavioral strategies at second ¢ were hypothesized to affect change in &

infant negative emotion from second ¢ to second ¢ +1, second t +2, second ¢ +3,
second ¢ +4, and second ¢ +5 in five separate models.

Mother-focused strategies were associated with significant increases in infant
negative emotion for 3 consecutive seconds after petforming the strategy. That s,
separate models in which negative emotion at t + 1, ¢ + 2,and 1 + 3 were specified
as the dependent variable were significant. In this situation, mothers ‘were unable z
to respond to their infant or to provide any assistance with operating the difficult ¥
toy. Therefore, it is possible that the infants became frustrated because their bids *
for attention were ignored. Self-distraction and stimulus-focused strategies were

associated with subsequent declines in the intensity of negative emotion for 15
and 3 s, respectively. Sumulus-focused strategies, such as focusing on the difficult
toy, may provide a distraction from the unresponsive parent because the infant’
attention is now occupied by the toy. However, the effectiveness may be relatively

short-lived because the toy is too difficult to operate for the infant without assis- ~

tance. Similarly, self-distraction strategies {e.g., looking around the room) may =

provide infants with a distracdon from both the unresponsive parent and the
difficult toy. The longer duration of effectiveness with self-distraction strategies
may be because the brightly decorated walls, for example, provide sustained dis-

traction. Some similarities were found with fathers; however, the duration of the
effects were shorter. Specifically, father-focused strategies predicted an increasein

negative emotion 1 s later, and stimulus—focused strategies were associated with
a decrease in negative emotion 1 s later. In contrast to mothers, however, self-
distraction strategies with fathers did not lead to changes in negative emotion.

The results of this study highlight dynamics of emotion regulation that may ,_ i

not have been captured in previous models. For example, the degree of change
in negative emotion from second to second was relatively small (e.g., 0.03 on 3
3-point scale), but could aggregate over multiple seconds. This change in intensity
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ot have been captured in previous studies that required change to be a
’ re unit of change (i.e., 3 to 2). The examination of the timing of the tem-
o effects was also a strength of this study compared to previous methods. For
ple some strategies led to changes in negative emotion that lasted for 1 s and
for 3 consecutive seconds, Perhaps the effect of a strategy that lasts for 3
© . cutive seconds implies that the strategy is more effective at regulating nega-
sﬂ _emotion compared to a strategy that only impacts negative emotion for 1 s.
was left to attempt to operate a difficy]; ursmg a similar statistical approach, MacLean and colleagues (2014} examined
e regulatory strategies were separately CDd . " . pemporal associations between behavioral strategies and emotion in 4-month-
:havioral strategies included those P“Wlousl 1 infants who participated in the Stll Face Paradigm. Infant emotion and self-
emotion, including parent-focused (1°°k1ng, ar]llﬂ behaviors were coded each second of the Still Face Paradigm. The results
e parent), self-distraction (visual d’-"tml:tlon; : e multilevel models indicated that infant emotion became significantly more
), and stimulus-focused strategies (interapp | (less negative) following the use of self-soothing behaviors during the
wlus). Because this was the first study to u.sé- Lliface episode (in which the parent was unresponsive). These results are con-
srs explored models with a 1,2, 3, 4,and 5-.'-{ si#ﬂf“"dl previous research and support the contention that self-soothing is an
:ond ¢ were hypothesized to affect change ve strategy with which infants regulate negative emotion.
d ¢ to second ¢ +1, second ¢ +2, second ¢ 43}

'SCP“_““Z"“’_:IS; — e l,,; 1 Multilevel Models to Examine Developmental Changes

1ssociated with significant increases in infapg
A . oral Associations

seconds after performing the strategy. Thatis f emp

notion at £ + 1, + 2,and ¢ + 3 were specified) migh theory and cross-sectional research have contributed to our knowledge

ificant. In this situation, mothers were unabik¥ the age at which infants begin using purative regulatory strategies, we know
ide any assistance with operating the difficul out their developmental progression. There are few longitudinal studies

infants became frustrated because their bidsé estigate change in the use of potential regulatory strategies during infancy.
traction and stimulus-focused strategies wen al, infants appear to increase the use of regulatory behaviors across the
in the intensity of negative emotion for 16 years of the life span (Ursache, Blair, Stifter, & Voegtline, 2013). Rothbart
ed strategies, such as focusing on the diffic ;:_ lleagues (1992) found that disengaging attendon from a distressing stimu-
the unresponsive parent because the infant} sdecreased from 6.5 to 13.5 months of age, whereas shifting attention toward
ther (e.g., social referencing) increased during this same period. Similarly,
art-Rieker and Stifter (1996) found decreases in disengaging strategies
to:10 months of age. The ability to voluntarily shift attention is thought
p between 3 and 6 months of age (Calkins & Hill, 2007). Therefore,
ble that a decrease in disengagement occurs after 6 months because
are employing newly acquired strategies. Indeed, 10-month-old infants
nd with fathers; however, the duration of tf Emore likely to use communicative strategies, such as gesturing, compared to
ser-focused strategies predicted an increas ir m hﬂl.-old infants (Braungart-Rieker & Stfter, 1996). Consistent with Kopp's
nulus-focused strategies were associated Wi : Sg)itheory, these studies also demonstrate infants’ emerging ability to inten-
f:solicit emotional aid from their caregivers in the period approaching
In: the context of the Still Face Paradigm, several studies have found the
ittennonal distraction (e.g., looking away from the unresponsive mother)
‘actoss the first 6 months of life (Moore, Cohn, & Campbell, 2001; Sha-
&€, Prigoc, Carroll, & Shalan, 1998; Toda & Fogel, 1993). With respect to
#80thing behaviors, one study found a decrease from 3 to 13.5 months of age
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across age, providing further support for the
cmgulatory process. It is important to
:md it is possible that changes in the
e the second half of the firse year and
i995) found that self-soothing was associ:
. i 10-month-olds but not 5-month-olds.
-—,:oorhmg may strengthen beyond 7 m«
hort duradion of this seudy is chat it termi
ntal milestones such as crawling or v
araiie that the onset of locomotion bring
: duding emotions. Specifically, Robcq
r expression after the onset of crawlin

{Rothbare et al., 1992), whereas others found no age-related changes from 3 10§,
months of age (Shapiro et al., 1998; Toda & Fogel, 1993). It is possible tha s
soothing is replaced by more sophisticated strategies such as attention djstracu Y
by 1 year of age.

There are fewer studies that examine the temporal patterns of emotion regula it
tion at two or more time points during infancy. At 5 months of age, duengagmg
attention occurred during periods of decreasing negative emotion. However, thig|
effect was not found at 10 months of age (Stifter & Braungart, 1995). Self-soothj 16
behaviors also occurred during periods of decreasing negative emotion, but thit
effect was only found at 10 months of age. In their cross-sectional study, Buss atﬂ
Goldsmith (1998) found that attentional distraction was followed by a reduction)
in negative emotion in 6-, 12-,and 18-month-olds. The results of these two stud,
ies suggest there may be developmental differences in the temporal associations®
between behaviorl strategies and infant emotion. However, until recently, longi-4
tudinal research utilizing advanced models to capture the developmental trajecto-
ries of the temporal dynamics of emotion regulation was missing. i

As previously discussed, multilevel modeling allows researchers the flexibility &
to test a variety of models, including those that can specify age-related changes .
in the associations between behavioral strategies and change in infane emotion. | .of strategies may decline whenlncgn;
Ekas and colleagues (2013a), using the same sample as described above, extended 8 ; of the first year. Nonetheless, this st f
their previous study (Ekas et al., 2011) to examine whether the strength of these | : e underst'and.lng of the development o
associations changed across the first year of the life span. Infants pamapatc&m : = -‘_’In regulation.
separate Still Face Paradigms with their mothers and fathers at 3,5, and 7 months
of age. Infant emotion and behavioral strategies (look at parent, distraction, and 3
self-soothing) were coded each second of the interaction. In this study, the mul-
tilevel models tested whether behavioral strategies performed at second ¢ affected
the change in negative emotion from second ¢ to second { + 1, second ¢ + 2,and
second t + 3.The main effect of age (3,5, or 7 months) was added as a continuous. ‘
(coded 0, 1, 2) variable at level 2.Thus, the intercept in this model represented the .
average level of negative affect at 3 months of age. An interaction between infant |
age (level 2) and strategy use (level 1) was also specified. The interaction term
allowed for the determination of whether associations between strategy use and
negative emotion changed across infancy.

Consistent with theory (e.g., Kopp, 1982), we found that the average levels Of

~ Summary and Future Directions in |
* Temporal Associations

. Emotion regulation is a dynamic proces
" \activated emotion and the behavioral st
EBarly research examining infant emotio:
\ single, global measure of the activated e
~ ed those scores to infer whether an inf
usions from this body of research sugg
tion {i.e., looking away from distressing
Sucking) are strategies that are effective at

20
distraction increased from 3 to 7 months of age whereas levels of looking at the '. R emYCars ,researchers have begun t(: ::c;:
parent and self-soothing decreased during this same period. With fathers, average 8= mrﬂtmn and bch::-vmtal. st.?:g‘e ki
levels of negative emotion decreased from 3 to 7 months; however, there was 10§ B rent advances in statistical modeling

' ™searchers to answer the critical questic

significant change with mothers. Consistent with expectations, distraction was S = 1 o fion
. 0 i . . , o eads ini emo .
associated with a decrease in subsequent negative emotion with mothers and o I ¥ a change in i ““t. e
. . . . n : ent wi
fathers; however, the magnitude of this effect did not change from 3 to 7 months. S8 several studies, consist

was | a . . . d
This unexpecied given that the ability to flexibly deploy attention improves a2 sn‘:;:;el object was assoaate'd& wljth 1 : ;
during the first year and that infants become more sophisticated in their ability to 8 '_F . . 1998; Crocke-nber? s c:;, ¢ l;, :
regulate arousal over time (Kopp, 1982). Instead, the effectiveness of this strategy P egy may be particularly effec
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.‘__ ucing negative emotion was present at an early age and continued to be
. —rive. Thus, although infants use distractions less frequently when they are
anget its role in regulating negative emotion is relatively consistent during this
nonth period. Self-soothing was also expected to be associated with a decline
L aegative emotion and the results supported this hypothesis. Although the use
! -. ,;lE—sthhmg declined over time, the effectiveness of this strategy was consistent
: ':sﬂ « g€, providing further support for the importance of this behavioral strategy
| he regulatory process. It is important to note that this study ended at 7 months
| Fage and it is possible that changes in the magnitude of effectiveness may occur
L the second half of the first year and beyond. Indeed, Sdifter and Braungart
1 995 found that self-scothing was assaciated with decreasing negative emotion
1 18-month-olds. The results of these two std. Q-month-olds but not 5-month-olds. It is possible that the effectiveness of
nental differences in the temporal associationg - E: | i soothing may strengthen beyond 7 months of age. Another limitation of the
infant emotion. However, until recently, longj. E’ ortsduration: of this study is that it terminated before the onset of major devel-
. models to capture the developmental trajecto. = pral milestones such as crawling or walking, Campos and colleagues (2000)
‘motion regulation was missing. i ~ e that the onset of locomotion brings about changes in multiple domains,
evel modeling allows researchers the ﬂe:dbi_]jti_{ ding emotions. Specifically, Roben et al. (2012) found increased levels of
ling those that can specify age-related chnngm_,' erexpression after the onset of crawling. Thus, it is possible that the effective-
sioral strategies and change in infant emotion, of strategies may decline when negative reactivity increases during the latter
7 the same sample as described above, extended) Balf of the first year. Nonetheless, this study provides an important step forward in
011) to examine whether the strength of these oupunderstanding of the development of the temporal dynamics of infant emo-
rst year of the life span. Infants participated i# i

their mothers and fathers at 3,5,and 7 monthé_,
ioral strategies (look at parent, distraction, andi}
scond of the interaction. [n chis study, the mul43
avioral strategies performed at second ¢ affected
rom second ¢ to secand ¢ + 1, second ¢ + 2, andi
ge (3,5, or 7 months) was added as a continug ¥
Chus, the intercept in this model represented thes
3 months of age. An interaction between infanky
vel 1) was also specified. The interaction terms
- whether associations between strategy use ands
infancy. ]
Kopp, 1982), we found that the average levels o
months of age whereas levels of looking at thes
d during this same period. With fathers, averages
1sed from 3 to 7 months; however, there was '
;.. Consistent with expectations, distraction
ibsequent negative emotion with mothers 0G8
of this effect did not change from 3 to 7 month§
the ability to flexibly deploy attention impro¥es
nts become more sophisticated in their abilicy '
1, 1982). Instead, the effectiveness of this stratc§|

sers found no age-related changes from 3 ¢q e |
3; Toda & Fogel, 1993). It is possible that SEIf-,-" |
sticated strategies such as attention distractigy, 3

by

tine the temporal patterns of emotion regyl,  #8
aring infancy. At 5 months of age, disengaging_ i
of decreasing negative emotion. However, thy,
>f age (Stifter & Braungart, 1995). Se]f-sooﬂrﬁng'_ 3
riods of decreasing negative emotion, but thig
s of age. [n their cross-sectional study, Buss and
ytional distraction was followed by a reduction.

soral Associations

jon regulation is a dynamic process that involves the coordination of the
vated emotion and the behavioral strategies that may change that emotion.
research examining infint emotion regulation traditionally relied upon a
fle; global measure of the activated emotion or the behavioral strategies and
those scores to infer whether an infant was regulating their emotions. Con-
from this body of research suggest that strategies such as visual distrac-
', looking away from distressing stimulus) and self-soothing (e.g., thumb
ng) are strategies that are effectve at regulating negative emotion. In the past
years, researchers have begun to incorporate separate measures of the activated
on and behavioral strategies to examine their temporal associations. Con-
ntiadvances in statistical modeling (e.g., multilevel modeling) have allowed
. Earchers to answer the critical question of whether the use of a given strategy
*,0 a change in infant emotion.

fseveral studies, consistent with expectatons, the strategy of withdrawing from
S ovel'object was associated with a reduction in negative emotion (Buss & Gold-
1998, Crockenberg & Leerkes, 2004; Diener & Mangelsdorf, 1999). This
- E'may be particularly effective in the context of fear because the child’s goal
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- B | g TIes for this body
is to leave the frightening situadon (Buss & Goldsmith, 1998). One Stratcg';; e are MATY cxat:;;g :::which we employ
commonly believed to serve a regulatory function in infancy is attentio ; duct STucies

] .“‘::-_ : e}w con

_by-second or frame-by-frame
deling will hkely serve as a stac:;
5. Of course, research questions an
5; by emotion regulation theory. One
:u concerns the dming of strategy 1:5:::.(
the effectiveness of a strategy vary:

i, barrier may not be associated with inc1

14
w attempts; however, after repeated atte

tion. The ability to flexably deploy attention undergoes a rapid period of gees
ment in the latter half of the first year (Calkins & Hill, 2007), and it is balieus .
shifting attention away from the source of distress reflects developing
capacities (Kopp, 1989). The majority of studies examining temporal 3
have found support for this contention, including during fear-cliciting ( :
enberg & Leerkes, 2004) and anger-eliciting tasks (Buss & Goldsmith, 1998,
et al., 2011; Ekas et al., 2013a; Stifter & Braungart, 1995; Thomas et al., 2017)/p
strategy appears to be effective across a variety of ages ranging from as yo ; . .1 5o creased distress. Conve
months (Ekas et al., 20133) to 20 months of age (Ekas et al., 2011). Longi e associated vfr“h mt; beginning of 3 situ;
studies also confirm the continued importance of this strategy (Buss & Go more effective 2t t- : ftant considerati
1998; Ekas et al., 2013a). Shifting attention away from a source of distress B continues. Another uT\pom lation proce
effective because it allows infants to take a psychological breather by tempor jed during t},‘e c'monlon ingt::nsity more ¢
focusing on something that is not distressing (colorful posters on the wall, to ated emotion 18 o owetic timing hyp¢
the room, their feet, etc.). Additional longitudinal research across longer periodi high intensm'r? The lgi;n an, suggests th
needed to better understand how the nature of distraction may be influencingils ocesses later 10 d.]c ° P (S'hcppes & C
effectiveness in regulating negative emotion. For example, a brief look away fromd they reach peak intensity

source of frustration may be sufficient for a 3-month-old, but a 20-month-old may

6.. sccond
f:jevel mo

hese hypotheses during infancy.

. el mo
here are also exciting new statistical

need to engage with an alternate object for a longer period of time. - : lation du
. .. . % P ithe d ics of emotion regu
The strategy of self-soothing, often consisting of behaviors such asth ¢ = "ﬂ"h‘;s bye]menmon . dentifying emotion regula

sucking, has long been believed to serve a comforting function for infants, Eaty
in the first year of life, self-soothing is often a strategy that infants accidentally]
stumble upon the first time their fingers end up near their mouth, Howeyer:
infants quickly begin to use this strategy in a purposeful manner (Kopp, 1989);
Analyses of the temporal associations between self-soothing and negative emotont
confirmed this hypothesis, showing that negative emotion declines after engag- A
ing in self-soothing, particularly during the first 7 months of life (Crockenberg &=
Leerkes, 2004; Ekas et al., 2013a; MacLean et al., 2014). b

Although many of the temporal analyses confirmed results from earlier corre= =8
lational studies, there were several instances in which strategies were not effective =
at regulating negative emotion. For example, Diener and Mangelsdorf (1999) did 1
not find support for the role of distraction in regulating fear or anger. In addition, =
self-soothing strategies were not effective at regulating anger among 5-month-old
infants (Stifter & Braungart, 1995) or 6-month-old infants (Thomas et al., 2017):
These null findings may be due to differences in the characteristics of the study y
(e.g., emotion-eliciting sitvation used), infant age, the operational definidon of 7
variables, or contextual factors such as whether the parent was involved or uran- &
volved. Thus, although overall levels of negative emotion and putative regulatory
strategies may be correlated, there may not be a temporal association between the
two variables. It is also possible that behavioral strategies and changes in negauve =
emotion may occur fogether, but that does not necessarily imply that the strategy
is assoctated with subsequent declines in negative emotion.

egative emotion. However, Thompson
ple features of e

z ing mult
of understanding le fearures &

ion. For example, durin:
fress immediately after their parent ceases T
" evidence of logarithmic change, such ﬂ.mt i
| amonnegative state, quickly increased in n
tote, However, examination of the raw data
“h““ge exhibited a logarithmic inc1:easc, t.h
- this group partern. Unexplained variance 10
" Tave reflected ebbs and flows in the use ¢
| structura) equation modeling, Cho?v'and 8
" odcillator model to capture an indwsd_uals
L 'this model allows researchers to ide.nufy a1
* cquilibrium point) and then examine fluc
Teturns to this ses point. This model could
oscillator model (Boker & Graham, 199t
and behavioral strategies) can be linked. 1
bow infant and mother each influence &
that such a model could be applied 0 inf
latory strategies. For instance, negative €

-_'_‘\-.
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3 4 strength of these assoc‘iations. Alt.?

i derstanding of emoton regulat
: g “::e done. To that end, we believe th
,ir "to—t::loment dynamics of emotion and t

be coupled, such that increases in distraction are followed by decreases i
tive emotion. Cole and colleapues (2017) recently applied this t'.rlcn:leling';'~
study of emotion reguladon in 36-month-old children and found thar gl
used behavioral strategies during periods of heightened arousal which delzped)
increase of subsequent arousal, These models hold great promise for the
the dynamics of emotion regulation during infancy.

Additional modeling approaches are increasing the scope of possibilify
research into emotion regulation. State-space models are another statisticil g
nigue that can be used to examine intraindividual change that occurs moms
to moment. State-space models are particularly suited for intensive longitufin)
desipns and may capture the lability of infant’s emotional experiences (-
Matson, & Messinger, 2014; Sravish, Tronick, Hollenstein, & Beeghly, :2013}
Reegime change models allow for the intriguing possibility that the impact ofimg
ulatory strategies on emotional processes itself changes over time (Chow, Grim
Filteau, Dolan, & McArdle, 2013). Another intriguing approach would involve£h#
construction of latent regulatory variables combining various types of behavioal
regulation strategies into a single variable. This approach offers the possibility,o8
synthesizing the effects of multiple behavioral regulation strategies at the 'cos8
of being unable to distinguish differences between them (Helm, Ram, Cole; &
Chow, 2016). Finally, the use of multilevel event history analysis is another ‘poss
sible technique to examine the temporal contingencies between behavioral strates
gies and emotion. Event history analysis estimates the probability that an eveit
will occur and the factors that might influence that event occurring (Loughs#d
Hollenstein, Lichtwarck-Aschoff, & Granic, 2015; Mills, 2011). With respect 0!
infant emotion regulation, researchers could examine the probability of infait3
transitioning from one emotonal state to another within a given time periodHn
response to the use of a given behavioral strategy. :
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Conclusions

il

The interest in emotion regulation continues to flourish and great strides 10 ‘hf
study of infant emotion regulation have been made since Cole and colleagues®
(2004) call to action over a decade ago. Researchers recognize that emotion regé—
lation is not a static entity that can be captured by a single score. Rather, it i i‘_f_
dynamic process that involves the coordination of multiple modalities, namcb'
emotion and regulatory behaviors. Researchers were tasked with ensuring the z
independent measurement of emotion and behavioral strategies and to caprure. o
the temporal associations between these domains. We believe that researchers have
begun to meet this challenge as advances in statistical modeling techniques have
made it possible to examine change in emotion. Using multilevel modeling, for 3
example, researchers have been able to incorporate contingency and time-series .
models to show that strategies used at one moment in time predict decreases 0f 2
increases in negative emotion from one moment to the next. Moreover, research-
ers have also begun to test whether there are developmental changes in the
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ction and strength of these associations. Although much progress has been
17) recently applied this modeling to thy = | ¢ in our understanding of emotion regulation during infancy, there is sall
nth-old children and found that childrer, ach work to be done.To that end, we believe that continued examination of the
ls of heightened arousal which delayed th,, 1 | 1J’.lmn.g,-1;-u:>-momenl: dynamics of emotion and behavior will be of great value.
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