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Recent theoretical models highlight the importance of emotion regulation
(ER) flexibility, challenging traditional notions of universally maladaptive

versus adaptive strategies. Here we employed ecological momentary
assessment to develop proxy ecological measures for ER flexibility
components (context sensitivity, repertoire and feedback responsiveness)
and examine their associations with momentary affective outcomesin

two independent samples from the United States (158 adultsand 12,217
observations) and China (144 adults and 11,347 observations, analysis
preregistered). Participants completed four daily surveys for 21 days,
reporting emotional situations, situation characteristics, ER use and change
and momentary distress. Increased momentary context sensitivity and use
of repertoire were found associated with reduced distress, while results

for feedback responsiveness were less consistent. Maintaining effective
strategies was generally adaptive, whereas switching fromineffective
strategies was adaptive for momentary depressed, but not anxious, mood.
Thisinnovative ecological momentary assessment design demonstrates
transcultural similarities in ER flexibility’s benefits and nuanced implications
of its components on affective outcomes.

Emotionregulation (ER) playsa central rolein mental health'. Although
traditional theories and research on ER have classified strategies as
either uniformly adaptive or maladaptive**, recent theoretical models
and empirical research have revisited the person-situation interaction-
istapproach long existed in psychology’” and demonstrated that the
efficacy of specific ER strategies varies across situations and individu-
als®™. The theoretical and empirical evidence have drawn attention to
the importance of ER flexibility to navigating and managing diverse
demands across various contexts™'®,

From a theoretical perspective, flexibility has been conceptual-
ized asabroad multicomponential process that involves asequence of
componential abilities”"”. Bonanno and Burton® elaborated three
interrelated, yet functionally independent, components, later
described as the flexibility sequence' " (1) the ability to evaluate

contextual demands, or context sensitivity, (2) the access to a wide
range of strategies that may be implemented to meet those demands,
or repertoire, and (3) the capacity to monitor the efficacy of chosen
strategies and modify as needed, or feedback responsiveness (Fig. 1).
Arelated meta-analytic review of coping flexibility research proposed
asimilar flexibility model based on a systematic synthesis of empirical
studies". In this model, flexibility was conceptualized as abilities
displayed at three unique yet closely interacted regulatory stages,
respectively evaluating situational characteristics, adopting regu-
latory strategies and monitoring outcomes. Understanding these
mechanistic components of flexibility holds critical implications for
elucidating psychological explanations for resilience in the face of
potential trauma®®?., Yet, despite converging evidence from both a
top-down, heuristicapproach”and abottom-up, systematic approach”
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correlation between using this strategy and effectiveness (that is, the sum of
increasing positive affect, decreasing negative affect and facilitating problem
solving) was positive and at least small in size (that is, r > 0.10 (ref. 57)).

supporting the adaptiveness of all three flexibility components, there
hasbeenlittle research simultaneously examining these components
inreal-world, daily situations.

By definition, flexibility encompasses ER strategy-situation fit.
However, the clinical literature has often focused on limited contextual
domainssuch asstressor controllability and emotional intensity™ %,
Social and personality psychologists have developed tools to assess
situational characteristics® 2, identifying eight fundamental charac-
teristics of situations, respectively: duty, intellect, adversity, mating,
positivity, negativity, deception and sociality (DIAMONDS). The DIA-
MONDS have been replicated across the globe?”** and can be measured
by ultrabrief assessment”. Existing ecological momentary assessment
(EMA) studies have used DIAMONDS to predict behaviors, emotions
and interpersonal dynamics®*?**°, Capturing ER flexibility using EMA
with comprehensive situational assessments, such asthe DIAMONDS,
holds important potential for measuring flexibility across diverse
contexts where ER unfolds.

So far, examination of the context sensitivity component of flex-
ibility has beenlargely based on hypothetical, nonindividualized sce-
narios* or limited tosituations generically defined as positive-negative
inaffect® or high-lowin controllability?>?*. The latter also confounded
the evaluation of context with response to context—acrucial distinction
underscored in existing literature®. Adopting a DIAMONDS assessment
allows us to evaluate whether the ability to differentiate situational
characteristics (that s, context sensitivity) is associated with affective
outcomes. Similarly, the repertoire component of flexibility has diverse
operationalizations, such as the number of strategies® or categorical
variability??, but neither definition considers individual differencesin
whether astrategy is effective. Using EMA design offers an opportunity
toidentify strategies that are effective specifically for each individual,
thereby yielding a more idiosyncratic measure of repertoire. Finally,
many studies on the feedback responsiveness component of flexibility
have focused heavily on strategy switching>** despite the conceptual
empbhasis on both strategy switching and strategy maintenance™.
Intensive longitudinal designs, such as afforded by EMA, will allow for
a sufficient number of observations per participant to capture both
strategy maintenance and switching across situations.

Inthisarticle, the overarching goal is to test the flexibility sequence
model” using a longitudinal EMA design with data from two distinct
cultures, the United States and China. Specifically, we examine the
associations between momentary measures of the flexibility sequence
components (that is, context sensitivity, use of repertoire and feed-
back responsiveness) and affective outcomes (that is, total distress,

depressed mood, anxious mood and perceived stress). In addition to
refining measurement of flexibility components with comprehensive
situation assessments, we investigate all flexibility componentsin the
flexibility sequence model to elucidate whether they have independ-
ent benefits, which expands fromresearch often examining flexibility
components separately?’. EMA captured ER, situational characteristics
and psychological distress four times a day across 21 days. Each EMA
captured the effectiveness of ER strategies initially adoptedin response
tothe emotional situation and whether or not the participant chose to
switch from their initial strategies.

Another important feature of our study is that we collected data
from two highly distinct countries, taking into account the potential
cross-cultural similarities and differences in the associations between
ER flexibility and affective outcomes. Culture plays a pivotal role in
shapinghowindividuals perceive, interpret and manage their emotions
within specific sociocultural settings, as well as the function of ER**,
Nonetheless, despite its crucial role, culture is often overlooked in
the ER flexibility literature with samples primarily drawn from North
America®*° and potentially limiting the generalizability of findings.
Psychological theories developed based on Western, Educated, Indus-
trialized, Rich, and Democratic (WEIRD) samples may not be universally
applicableto other cultures®. Therefore, it becomes essential to incor-
porate samples from different cultures in ER flexibility research. For
example, Chinese culture differs from American culture in its emphasis
oncollectivism, interpersonal harmony and emotional restraint, which
may impact the use and function of ER flexibility. At the same time,
because the flexibility concept emphasizes the situation-behavior fit,
ittranscends differences inthe adaptiveness of individual ER strategies
across cultures. It is plausible, therefore, that flexibility may be trans-
culturally beneficial and offer a potential framework of examining
healthy emotionregulation. Accordingly, our study seeks to examine the
potential robustness and consistency of findingsindependently in the
United States and China, as well as possible cross-cultural differences.

Accordingly, our study examined the robustness and consistency
of findings independently in the United States and China, while iden-
tifying potential cross-cultural differences. Instudy 1 (United States),
we developed proxy measures of flexibility components, tested their
validity and examined their associations with momentary affective
outcomes. In study 2 (China), we adopted the same measures and
design to examine whether the findings generalized to a different
cultural context. Guided by findings of study 1, which was conducted
afewmonthsbefore study 2, analyses and hypotheses for study 2 were
preregistered.
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Table 1| Habitual ER strategy predicting momentary ER use

United States China
ER strategy Icc B(s.e.) IcC B(s.e.)
Reappraisal 0.28 0.02(0.02) 0.29 0.004 (0.02)
Suppression 0.24 0.05 (0.02)* 0.22 0.07 (0.02)**
Rumination 0.27 013 (0.04)*** 0.24 0.19 (0.04)***
Worry 0.25 0.14 (0.03)*** 0.15 0.07 (0.03)*
Plan 0.27 012 (0.03)** 0.29 015 (0.05)***
Positive refocus 0.27 0.10 (0.03)*** 0.28 0.12 (0.05)*
Soothing 0.29 0.14 (0.02)*** 0.8 0.06 (0.02)**
Perspective seeking 0.36 0.10 (0.03)*** 0.29 0.08 (0.04)*

*P<0.05; **P<0.01; ***P<0.001.

Results

Study 1 (United States)

Comparing habitual ER with momentary ER. First, we used multi-
level models (MLMs) to examine the relationship between habitual
and momentary ER use. The intraclass correlation coefficients (ICCs)
were all low, ranging from 0.24 to 0.36 across emotion regulation
strategies (Table 1). In summary, habitual emotion regulation use was
predictive of the momentary use of the respective strategy, P < 0.05,
with the exception for reappraisal, B= 0.2, standard error of the mean
(s.e.) 0.2and P=0.40. However, the magnitude of associations varies
across strategies, suggesting that habitual ER is not a consistent or
reliable proxy for momentary ER.

Predictor preparation/validation. We created a proxy for momen-
tary context sensitivity by dividing the standard deviation of the nine
situational characteristics by their mean (that is, coefficient of varia-
tion). Thisapproach captured how much one can differentiate various
situational characteristics in a given situation. We built a multilevel
model predicting momentary context sensitivity with baseline meas-
ures of context sensitivity, repertoire and feedback. As expected, the
momentary contextsensitivity captured by the coefficient of variations
score was associated with baseline context sensitivity, B=0.003, s.e.
0.001and P=0.002, but not baseline expressive flexibility, an aspect
of repertoire, B=0.0005,s.e.0.001and P=0.56, or baseline feedback
responsiveness, B=0.0002,s.e.0.002and P= 0.89. These results sug-
gest thatitis reasonable to use the coefficient of variations score as a
proxy for momentary context sensitivity.

Additionally, we captured overall repertoire by counting the num-
ber of effective strategies for each participant across EMA situations. An
effective strategy should have at least asmall correlation (r > 0.10) with
the effectiveness score. This overall repertoire measure was marginally
associated with baseline expressive flexibility, r= 0.13 and P=0.09,
but not associated with baseline context sensitivity, r =-0.01 and
P=0.86, orbaseline feedback, r=0.03and P= 0.72. We then obtained
amomentary use of repertoire measure to reflect how many strate-
giesonerecruited from their overall repertoire in each situation. This
momentary use of repertoire measure was used in subsequent MLMs.

Finally, we used the interaction between emotion regulation
change and the effectiveness of initial strategies to test two aspects
of feedback responsiveness. Specifically, we examined if individuals
exhibited lower levels of momentary psychological distress in situa-
tions where they maintained effective strategies (that is, ER change
is 0 when initial effectiveness was high) or switched from ineffective
strategies (that is, ER change is1when initial effectiveness was low).

MLMs predicting total momentary distress. To test the flexibility
sequence model, we builtamultilevel model predicting total momen-
tary distress after theregulation attempt (thatis, the sum of momentary

depressed mood, anxious mood and perceived stressineach EMA situa-
tion) withmomentary context sensitivity, momentary use of repertoire
and the interaction between ER change and initial effectiveness. For
detailed results, please refer to Supplementary Material 2.

Consistent with theory suggesting the benefit of context sensiti-
vity*>*, there was asignificantinverse association between momentary
context sensitivity and total momentary distress, B=-2.87, s.e. 0.51
and P<0.001, and between momentary use of repertoire and total
momentary distress, B=-0.49s.e.0.11and P < 0.001. The effectiveness
oftheinitial strategies was also inversely associated with total distress
after theregulation attempt, B=-0.27,s.e.0.04 and P < 0.001. Finally,
there was asignificant interaction between emotion regulation change
and initial effectiveness, B=0.14, s.e. 0.05 and P=0.002. The simple
slope analyses indicated that when the initial effectiveness was high
(thatis, 1standard deviation (s.d.) above the mean), participants who
maintained theirinitial strategy choice (ER change of 0), compared with
those who changed their strategies, reported lower total momentary
distress after the regulation attempt, B=0.81, s.e. 0.18 and P < 0.001.
In contrast, participants who changed their strategies (ER change of 1)
whentheinitial effectiveness waslow (thatis, 1s.d. below the mean) did
not differ in total momentary distress compared with those who main-
tained their initial strategies, B=0.11, s.e. 0.15, P= 0.47. This suggests
that maintaining effective emotion regulation strategies was adaptive,
while switching from ineffective emotion strategies was surprisingly
not associated with psychological distress (Fig. 2).

MLMs for predicting momentary depression, anxiety and perceived
stress. We further built MLMs predicting each momentary outcome
(that is, depressed mood, anxious mood and perceived stress) sepa-
rately. The results for momentary anxious mood and perceived stress
were similar to the results for the combined variable—total momentary
distress—in that maintaining effective strategies seemed adaptive.

When predicting momentary anxious mood, there was aninverse
association between momentary context sensitivity and momentary
anxious mood, B=-1.44, s.e. 0.23 and P < 0.001. Momentary use of
repertoire was also inversely associated with momentary anxious
mood, B=-0.15, s.e. 0.05 and P=0.003. Additionally, increased
effectiveness of the initial strategies was associated with decreased
momentary anxious mood, B=-0.11, s.e. 0.02 and P< 0.001. Finally,
there was a significant interaction between emotion regulation
change and initial effectiveness, B=0.04, s.e. 0.02 and P=0.04. The
simple slope analyses indicated that when the initial effectiveness
was high (thatis, 1s.d. above the mean), participants who maintained
their ER strategies (ER change of 0) reported a lower momentary
anxious mood compared with those who changed their strategies,
B=0.38,s.e.0.08and P< 0.001.In contrast, participants who switched
their strategies (ER change of 1) when the initial effectiveness was low
(thatis, 1s.d. below the mean) did not differ in anxious mood com-
pared with those who maintained their strategies, B=0.05, s.e. 0.06
and P=0.43.

When predicting momentary perceived stress, there was an
inverse association between momentary context sensitivity and
momentary perceived stress, B=-1.07, s.e. 0.20 and P< 0.001, and
between momentary use of repertoire and momentary perceived
stress, B=-0.21,s.e.0.05and P < 0.001. The effectiveness of the initial
ER strategies was alsoinversely associated with momentary perceived
stress, B=-0.11,s.e.0.02and P< 0.001. Finally, there was a significant
interaction between emotion regulation change and initial effective-
ness, B=0.07,s.e.0.02 and P < 0.001. The simple slope analyses indi-
cated that when the initial effectiveness was high (that is, 1s.d. above
the mean), participants who maintained their ER strategies (ER change
of 0) reported lower momentary perceived stress compared with
those who changed their strategies, B=0.39, s.e. 0.08 and P< 0.001.
In contrast, participants who switched their strategies (ER change of
1) when theinitial effectiveness was low (thatis, 1 s.d. below the mean)
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study 1(United States). b, Association between emotion regulation change
and psychological distress at low (-1s.d.) and high (+1s.d.) levels of initial
effectivenessin study 2 (China).

did not differ in perceived stress compared with those who maintained
their strategies, B=0.03,s.e.0.07 and P=0.57.

Contraryto the aforementionedresults, the results for momentary
depressed mood suggested that switching fromineffective strategies
was adaptive. There was an inverse association between momentary
context sensitivityand momentary depressed mood, B=-0.38,s.e.0.16
and P=0.01,and between momentary use of repertoire and momentary
depressed mood, B=-0.10, s.e. 0.02 and P < 0.001. The effectiveness
of theinitial strategies was also inversely associated with momentary
depressed mood, B=-0.06,s.e.0.01and P< 0.001. Finally, therewasa
marginally significantinteraction betweenemotionregulation change
and initial effectiveness, B=0.03, s.e. 0.02 and P=0.05. The simple
slope analyses indicated that when the initial effectiveness was high
(thatis, 1s.d. above the mean), participants who maintained their ER
strategies (ER change of 0) did not differ in momentary depressed
mood after the regulation attempt, compared with those who changed
their ER strategies, B=0.05, s.e. 0.06 and P=0.38. In contrast, par-
ticipants who switched their ER strategies (ER change of 1) when the
initial effectiveness was low (that is, 1s.d. below the mean) reported
lower momentary depressed mood following the regulation attempt
compared with those who maintained their strategies, B=-0.10, s.e.
0.05and P=0.04.

Study 2 (China)

Comparing habitual ER with momentary ER. First, we used MLMs
to examine therelationship between habitual and momentary ER use
among the Chinese sample. Similar to the US sample, the ICCs were
all low, ranging from 0.15 to 0.29 across emotion regulation strate-
gies (Table 1). Again, habitual emotion regulation use was predictive
of the momentary use of the respective strategy, P < 0.05, with the
exception for reappraisal, B=0.004,s.e.0.2and P=0.86. Consistent
withstudy 1, the magnitude of associations varies across strategies,
suggesting that habitual ER is not a consistent or reliable proxy for
ERinreal time.

MLMs predicting total momentary distress. To test the flexibility
model, we built amultilevel model predicting totalmomentary distress
after theregulation attempt (thatis, the sum of momentary depressed
mood, anxious mood and perceived stress in each EMA situation) with
momentary context sensitivity, momentary use of repertoire and the

interaction between ER change and initial effectiveness. For detailed
results, please refer to Supplementary Material 2.

Consistent with theory suggesting the benefit of context sensi-
tivity*>**, there was asignificant inverse association between momen-
tary context sensitivity and total momentary distress, B=-1.38, s.e.
0.53and P=0.009, and between momentary use of repertoire and total
momentary distress, B=-0.40, s.e. 0.10 and P=0.001. The effective-
ness of the initial strategies was also inversely associated with total
distress after the regulation attempt, B=-0.47, s.e. 0.04, P< 0.001.
Finally, there was a significant interaction between emotion regula-
tion change and initial effectiveness, B=0.23,s.e.0.03,P < 0.001.The
simple slope analysesindicated that when theinitial effectiveness was
high (thatis, 1s.d.above the mean), participants who maintained their
initial strategy choice (ER change of 0)), compared with those who
changed their strategies, reported lower total momentary distress after
the regulation attempt, B=0.89, s.e. 0.13 and P< 0.001. In contrast,
participants who changed their strategies (ER change of 1) when the
initial effectiveness was low (that is, 1 s.d. below the mean) reported
lower total momentary distress compared with those who maintained
theirinitial strategies, B=—0.34,s.e.0.12and P= 0.004. This suggests
that both maintaining effective and switching fromineffective strate-
gies were adaptive (Fig. 2).

MLMs for predicting momentary depression, anxiety and perceived
stress. We further built MLMs predicting each momentary outcome
(that is, depressed mood, anxious mood and perceived stress) sepa-
rately. The results for momentary anxious mood and perceived stress
were similar to the results from study 1in that maintaining effective
strategies seemed adaptive. However, switching fromineffective strate-
gies seemed adaptive for both depressed mood and perceived stress.

When predicting momentary anxious mood, there was aninverse
association between momentary context sensitivity and momentary
anxious mood, B=-0.68,s.e.0.21and P= 0.001. Momentary use of rep-
ertoire was also inversely associated with momentary anxious mood,
B=-0.10,s.e.0.04 and P=0.009. Additionally, increased effectiveness
of the initial strategies was associated with decreased momentary
anxious mood, B=-0.19, s.e. 0.02 P< 0.001. Finally, there was a sig-
nificant interaction between emotion regulation change and initial
effectiveness, B=0.09,s.e.0.01and P < 0.001. The simple slope analy-
sesindicated that when the initial effectiveness was high (thatis, 1s.d.
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above the mean), participants who maintained their ER strategies
(ER change of 0) reported lower momentary anxious mood com-
pared with those who changed their strategies, B=0.43, s.e. 0.06
and P<0.001. In contrast, participants who switched their strategies
(ER change of 1) when the initial effectiveness was low (that s, 1s.d.
below the mean) did not differ in anxious mood compared with those
who maintained their strategies, B=-0.07,s.e.0.05and P=0.17.

When predicting momentary perceived stress, there wasaninverse
association between momentary context sensitivity and momentary
perceivedstress, B=-0.43,s.e.0.20 and P = 0.03, and between momen-
tary use of repertoire and momentary perceived stress, B=-0.15, s.e.
0.04 and P< 0.001. The effectiveness of the initial ER strategies was also
inversely associated with momentary perceived stress, B=-0.16, s.e.
0.02and P< 0.001. Finally, there was asignificantinteraction between
emotionregulation change and initial effectiveness, B=0.08,s.e.0.01
and P<0.001. The simple slope analyses indicated that when the initial
effectiveness was high (that is, 1s.d. above the mean), participants
who maintained their ER strategies (ER change of 0) reported lower
momentary perceived stress compared with those who changed their
strategies, B=0.33,s.e.0.05and P< 0.001. Incontrast, participants who
switched their strategies (ER change of 1) when the initial effectiveness
was low (thatis, 1s.d. below the mean) reported lower perceived stress
compared with those who maintained their strategies, B=-0.10, s.e.
0.05and P=0.04, though the effect size was relatively small.

For momentary depressed mood, both maintaining effective
strategies and switching fromineffective strategies seemed adaptive.
Momentary context sensitivity was not associated with momentary
depressed mood, B=-0.26, s.e. 0.17 and P=0.11, but there was a sig-
nificant inverse association between momentary use of repertoire
and momentary depressed mood, B=-0.13, s.e. 0.03 and P< 0.001.
The effectiveness of the initial strategies was also inversely associated
with momentary depressed mood, B=-0.13, s.e. 0.01 and P< 0.001.
Finally, there was asignificantinteraction between emotion regulation
change and initial effectiveness, B=0.06, s.e. 0.01 and P < 0.001. The
simpleslope analysesindicated that when the initial effectiveness was
high (thatis, 1s.d. above the mean), participants who maintained their
ER strategies (ER change of 0) reported lower momentary depressed
mood after the regulation attempt, compared with those who changed
their ER strategies, B=0.13, s.e. 0.05and P= 0.006. Additionally, par-
ticipants who switched their ER strategies (ER change of 1) when the
initial effectiveness was low (that is, 1 s.d. below the mean) reported
lower momentary depressed mood following the regulation attempt
compared with those who maintained their strategies, B=-0.18, s.e.
0.04and P<0.001.

Cross-cultural comparisons

First, we compared flexibility components between US and Chinese
participants. US participants had higher momentary context sensi-
tivity, d = 0.32 and P < 0.01, and higher momentary use of repertoire,
d=0.68and P< 0.001. While we could not directly compare momentary
feedback responsiveness (conceptualized as the interaction between
strategy effectiveness and emotion regulation change) by cultures, we
examined theinteraction between culture and strategy effectiveness
onemotionregulation change, which was significant, B=-0.008, s.e.
0.004 and P=0.03.Specifically, Chinese participants were more likely
than US participants to change strategies when the initial effective-
ness was low.

Second, we conducted a series of MLMs to delineate cultural simi-
larities and differencesin how flexibility components were associated
with momentary affective outcomes. Specifically, we introduced cul-
ture (Chinaland USA 0) asa cross-level moderator for the associations
between flexibility components and momentary affective outcomes.
For momentary context sensitivity, culture significantly moderated
its associations with momentary total distress, B=1.53, s.e. 0.73 and
P=0.04, momentary anxious mood, B=0.79, s.e. 0.31and P=0.01,

and momentary perceived stress, B=0.66, s.e. 0.28 and P=0.02, but
culture did not moderate its association with momentary depressed
mood, B=0.12,s.e.0.23 and P= 0.60. Inspection of MLMs by cultures
suggested that the effects of momentary context sensitivity were gener-
ally larger for US participants than Chinese participants. By contrast,
culture did not moderate any of the associations between momentary
use of repertoire and momentary affective outcomes, P> 0.30, sug-
gesting similar effects across cultures. However, culture moderated
the association between momentary feedback responsiveness and
momentary anxious mood, B=0.05,s.e.0.02and P= 0.03. Inspection
of MLMs by cultures indicated that there was a significant differencein
the effect size of switching from ineffective strategies on momentary
anxious mood, but this difference was not meaningful since the effect
wasinsignificantinboth cultures. However, switching fromineffective
strategies was significantly associated with momentary total distress
and perceived stress among Chinese participants but not US partici-
pants, suggesting greater benefits of strategy switching in Chinese
culture. The detailed descriptive statistics of variables by cultures are
reported in Supplementary Material 3.

Discussion
ER flexibility has been conceptualized as abroad process that involves
multiple, serially related componential abilities described as the flexi-
bility sequence: context sensitivity, repertoire and feedback respon-
siveness”. In two independent, cross-cultural samples, the current
investigation provided basic support for this model using alongitudinal
EMA design. When predicting momentary emotion regulation with
baseline traitemotion regulation, only reappraisal did not exhibit a sig-
nificant predictive relationship between traitand momentary measures.
This finding is somewhat intriguing, given the significant correlation
observed between trait and momentary positive refocusing, a con-
struct closely related to reappraisal. One possible explanation is that
thessituational context, including emotional valence, may have amore
pronounced impact on the momentary use of reappraisal than other
ERstrategies. Future research is encouraged to explore various facets
of reappraisal (for example, positive, negative and distancing reap-
praisal) across diverse situations, aiming to shed light on when, where
and howindividuals employ reappraisal. On the other hand, itis worth
considering that because associations between trait and momentary
strategies were all relatively small, the lack of a significant association
for reappraisal may be spurious and have little practical meaning.
Ourfindings also provide evidence for the transcultural similarities
inthe adaptiveness of ER flexibility while suggesting some interesting
differences. Overall, there were considerable cross-cultural similari-
ties in the adaptiveness of flexibility components. In both cultures,
momentary context sensitivity and use of repertoire were inversely
associated with most momentary affective outcomes. Notably,
trait repertoire did not predict momentary affective outcomes across
bothstudies, suggesting that how one deploys their emotional reper-
toire in the moment, rather than their overall use of repertoire, plays
a crucial role in momentary emotional outcomes. This underscores
the importance of examining emotion regulation dynamics in daily
contexts beyond simply measuring trait-level strategy use. Future
researchshould explore the relationships between trait and state levels
ofrepertoire use and various emotional outcomes, including momen-
tary and trait affect and psychopathology. In both cultures, maintain-
ing effective strategies was adaptive for momentary anxious mood,
perceived stress and total distress, whereas switching fromineffective
strategies was adaptive for momentary depressed mood. We did not
observe any benefit of switching from ineffective strategies for anxiety
ineither study. One possible explanation could be that switching alone
did not guarantee subsequent regulatory success. Individuals with
heightened anxiety may switch from one set of ineffective strategies
to another set of ineffective strategies (that is, ‘busy coping’), which
may not facilitate adaptation. On the contrary, depression has been
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characterized by the tendency for affective states to be resistant to
change**, which may have contributed to the observed benefits of
strategy switching for momentary depressed mood.

Comparing flexibility components by cultures, our findings sug-
gest that US participants had higher momentary context sensitivity and
use of repertoire but lower feedback responsiveness than Chinese par-
ticipants. This suggests that there may be different cultural emphasis
on components of flexibility. As for the associations between flexibility
components and momentary affective outcomes, two notable cross-
cultural differences emerged. First, context sensitivity had larger effect
sizes for US participants compared with their Chinese counterparts,
specifically in the association between momentary context sensitiv-
ity and depressed mood, which was significant for US participants
but not for Chinese participants. Second, although switching from
ineffective strategies was beneficial for reducing perceived stress and
overall distress among Chinese participants, it did not yield the same
benefits for Americans. Taken together, these findings suggest that
contextsensitivity is beneficial inboth cultures, with more substantial
effects observedinthe USsample. Onthe other hand, strategy switch-
ing appears to be particularly advantageous for the Chinese sample,
possibly reflecting the greater emphasis on adaptability influenced
by collectivistic cultural norms in Eastern culture®. Interestingly, we
did not observe greater levels and benefits of context sensitivity in the
Chinese sample, implying that the pressure to adapt to situations may
be more pronounced during the feedback stage but not necessarily
during the evaluation stage. Future research should aim to replicate
these cross-cultural findings using different approaches and different
ways of conceptualizing flexibility components.

There were several limitations to our study. First, our study used a
fixed schedule of EMAs and may not have adequately captured real-time
emotionregulation. Additional researchisneeded tobetter understand
therole of timescale as well as assessment intervals when assessing the
benefits of ER flexibility. For future research, incorporating passive
sensing data could provide temporally specific information as to when
emotional situations occur, thus enabling more precise ER and situa-
tionassessments. Second, the current study did not explore racial dif-
ferencesinemotionregulation flexibility and theirimpact on affective
outcomes due to limited sample sizes per racial group and insufficient
statistical power. However, this remains an important area for future
research, as previous studies***” have highlighted differences in emo-
tionregulation and their consequences for health across racial groups
inthe United States. Third, although we found the association between
momentary flexibility and short-term mood outcomes, future research
isneeded to examine relations between momentary ER flexibility and
long-term mental health outcomes. Fourth, self-selection bias is pos-
sible given that we recruit participants from social media platforms,
which may have limited the sample representativeness and generaliz-
ability. Fifth, our study captured momentary context sensitivity by the
relative variability in ratings of different situational characteristics,
which as we noted may be limited. Future studies might further explore
and standardize methods to assess participant reports of emotional
situations by analyzing their free-text responses using human coding
or natural language processing. Finally, the associations we observed
in this study cannot be used to infer causality. Future research would
benefit from additional experimental and intervention studies that
seek to directly test participant’s use of the flexibility sequence.

Despite these limitations, our study nonetheless potentially
advanced ER flexibility research in several ways. First, we expanded
the scope of this research by using anintensive longitudinal design to
capture multiple components of emotion regulation flexibility and
their sequential relationship. Previous studies had only examined the
components of the flexibility sequence cross-sectionally™ or in EMA
studies that examined these componentsin separate models*. Second,
our study bridged situational characteristics research in the social
psychology literature?” and ER flexibility in the clinical literature®.

In doing so, we introduced an innovative way to study ER flexibility
that extends beyond the relatively limited situational characteristics
used in previous research—such as controllability or intensity*>**-by
incorporating amore comprehensive assessment of situations. Third,
we included independent samples from two distinct cultures, which
helpedreveal transcultural similarities and differences in the adaptive-
ness of ER flexibility.

Conclusions

Across two EMA studies on emotion regulation flexibility using US and
Chinese samples, we found that increased momentary context sensi-
tivity and use of repertoire were associated with reduced momentary
distress, while results for feedback responsiveness were less consist-
ent. Maintaining effective strategies was generally adaptive, whereas
switching from ineffective strategies was adaptive for momentary
depressed but not anxious mood. This study demonstrates transcul-
tural similaritiesin ER flexibility’s benefits while also highlighting some
potential cross-cultural differences.

Methods

Theresearch complies withall relevant ethical regulations. Theinstitu-
tional review board at Teachers College, Columbia University approved
study1(22-218) and the Institutional Review Board at the Department
of Psychology, Tsinghua University, approved study 2 (THU2022-27).
All participants have provided informed consent before participation.

Study 1 (United States)

Data and participants. Participants were recruited from multiple
socialmedia platforms (for example, Facebook, Instagram and Reddit).
The sample size was determined based on the Nrequired for accurate
statistical estimates in multilevel modeling*® and the sample size con-
siderations for the larger study. A total of 173 US participants were
enrolled in the study. A total of 15 participants left the study before
or during the EMA phase of study (8 withdrew during the orientation
meeting and 7 withdrew during EMA), leaving 158 participants in our
final analyses. Participants were compensated US$40 if they completed
80% of the daily surveys and US$60 if they completed 95% of the daily
surveys. Participants withdrew during EMA mainly because they failed
quality checks of emotional situations and careless response and could
notreach above 80% to obtain compensation. Those who stayedin the
study completed 77 out of 84 (92.05%) daily surveys on average. Most
ofthe participantsidentified aswomen (36 men, 116 women and 6 non-
binary or nonconformingindividuals). Participants ranged from 18 to
72yearsinage (M= 35.97 and s.d.12.45) and wereracially diverse, with
49.37% Caucasian American, 13.29% Black or African American, 27.22%
Asian American and 2.53% American Indian, Alaska Native or Native
Hawaiian. In the sample, 10.76% identified as Hispanic or Latinx. This
study followed the reporting guidelines of the adapted Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
checklist for reporting EMA studies (CREMAS)*.

Measures. Baseline and exit survey. Participants completed abaseline
and an exit survey before and after the EMA phase, respectively. Both
surveys were distributed through the Qualtrics platform. Measures of
thebaseline and exit surveys wereidentical, including demographics,
components of flexibility (that is, context sensitivity, repertoire and
feedback responsiveness), habitual use of emotion regulation and
symptoms of depression and anxiety. The analysis involved in this
paper included only components of flexibility and habitual emotion
regulation. For detail of measures and validation, please refer to
Supplementary Material 1.

EMA measures.Each participant completed an orientation meeting with
one of 14 trained graduate research assistants the day before their first
EMA survey. During the orientation meeting, the research assistant
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explained the EMA procedure and instructed the participant to com-
plete apractice EMA survey. This allowed participants an opportunity
to ask questions about the EMA procedure. During the EMA phase,
participants were prompted by Metricwire, amobile app designed for
experience sampling, to complete EMA surveys four times per day at
approximately12:00,15:00,18:00 and 21:00 over the course of 21 days
(thatis, 84 EMA surveysintotal). Once they received the prompt, they
had 90 min to respond. After that, the EMA survey expired and was
marked as missing. All 84 EMA surveys were identical, assessing the
mostemotional situationin the past three hours, followed by measures
of perceived situational characteristics, emotion regulation strategies,
effectiveness of emotion regulation strategies, whether participants
changed their initial emotion regulation strategies and momentary
psychological distress following the regulation attempt. All questions
were detailed below, in the order of how they were presented in each
EMA survey.

The emotionalsituation: each EMA survey started with asking the
participant to recall the most emotionally salient situation in the past
3 h. Similar to previous studies*?, participants were asked to write a
response covering the following information: Where were you? Who
was with you? What were you (and others) doing? What was happen-
ing? Unlike previous studies, however, we did not ask participant to
indicate when the situation occurred to avoid redundancy since the
prompt already restricted the time frame to the past 3 h.

Perceived situational characteristics: we used ultrabrief measures
for the situational eight DIAMONDS domains® to assess perceived
situational characteristics. We included an additional item to assess
controllability, as recent studies highlighted its important role in the
adaptiveness of emotionregulation strategies™. Participants rated how
much each ofthese nine characteristics applied to the most emotional
situationthey wrote onseven-pointscale from1(notatall) to 7 (totally).
Duty was measured by ‘work has to be done’. Intellect was measured
by ‘deep thinkingis required’. Adversity was measured by ‘someoneis
being threatened, blamed or criticized'. Mating was measured by ‘the
situation is romantically or sexually charged’. The original item was
‘potential romantic partners are present’, which may limit the scope
of dimension. We therefore chose anitem from S8* (‘situation is sexu-
ally charged’),aDIAMONDS measure with three items per dimension.
Following consultation with the lead author of the ultrabrief measure
(J.F.Rauthmann, personal communication, 1 August 2022), we added
‘romantically’ to make sure the item remains consistent with the scope
ofthe mating dimension. Positivity was measured by ‘situationis enjoy-
able’. Negativity was measured by ‘situation includes negative feelings
(for example, stress, anxiety or guilt)’. Deception was measured by
‘someone is being deceived’. Sociality was measured by ‘social inter-
actionis possible or required’. Controllability was measured by ‘I have
control over the situation’.

Initial momentary emotion regulation strategies: participants
rated whether they used a series of emotion regulation strategies as
0 (no) or 1 (yes) on the basis of their initial, knee-jerk response to the
situation. Participants were instructed to select all strategies they
utilized in the situation. These strategies included cognitive reap-
praisal (that is, I changed how I thought about the event), expressive
suppression (that is, | made sure to hide how I feel), rumination (that
is, I repeatedly thought about the event and could not stop), worry
(that is, I worried about what may happen), distraction (that is, I did
something else to take my mind off it), problem solving (that s, I tried
to solve problems or resolve the events), savoring (that is, | took time
to savor or enjoy what happened), planning (that is,  made plans for
the next steps), positive refocusing (that is, | focused on the positive
aspect of the event), soothing (that is, I looked to others for comfort)
and perspective seeking (that s, I tried to find out what others would
doif they were in my situation).

Effectiveness of initial ER strategies: after indicating their initial
emotion regulation strategies, participants were asked to rate the

effectiveness of the ER strategies they used on a 5-point scale from
1(notatall) to 5 (extremely). Specifically, they were asked three ques-
tions: Did your initial response decrease distress, sadness or anxiety?
Did your initial response enhance pleasure, happiness or calmness?
Did your initial response facilitate problem solving? These three
items were summed to reflect the effectiveness of initial repertoire
(wwithin»person =0.70 and (ubetween-person = 088)

Emotionregulation change: after rating the effectiveness of their
initial ER strategies, participants were asked to indicate whether they
changed their initial response to the situation, on a binary scale of
either 0 (no) or1(yes).

Updated/hypothetical momentary ER strategies and their effec-
tiveness: depending on whether the participant changed or maintained
theirinitial emotion regulation strategies, they were asked toindicate
either their updated emotion regulation strategies (if they changed)
or hypothetical emotion regulation strategies they would have used
next (if they maintained). We included the hypothetical questions for
participants who maintained their initial ER strategies to balance the
length of EMA surveys and to reduce the likelihood that participants
might indicate no strategy change so that they could end the EMA
session more quickly. After indicating their updated or hypotheti-
cal momentary emotion regulation strategies, participants rerated
the effectiveness of these strategies. The items assessing updated/
hypothetical emotion regulation strategies and their effectiveness
were identical to the questions following initial ER strategy selection.

Measures of momentary distress. The EMA survey ended with
questions regarding momentary distress in the past 3 h. Similar to
previous studies®™, total distress was assessed by six items selected
from the Depression, Anxiety, and Stress Scale* and the Generalized
Anxiety Disorder Scale™. Participants rated these onafive-point scale
from 1 (not at all) to 5 (extremely). Two items captured momentary
perceived stress (@ yimin-person = 0-73 aNd Wperyeen-person = 0.92): ‘I found it
difficult to relax’ and ‘I felt irritable’. Two items assessed momentary
anxious mood (@Wyjcin-person = 0-82 aNd Wperyeen-person = 0.96): ‘1 was wor-
ried about different things’ and ‘I felt nervous, anxious or on edge’.
Two items assessed momentary depressed mood (@yin-person = 0-78
and Wyegween-person = 0.98): “I felt that I had nothing to look forward’
and ‘l couldn’t seem to experience any positive feeling at all’. In addi-
tion to calculating scores of momentary perceived stress, anxious
mood and depressed mood by summing up their corresponding
items, we summed all six items to reflect total momentary distress
(wwithin-person =0.87and wbelween-person = 095)

Statistical analysis. R Version 4.2.1 (ref. 53) and the nlme**, Ime4> and
reghelper>® packages were used for our analyses. The sample size was
determined based onthe Nrequired for accurate statistical estimates
in multilevel modeling*® and the sample size considerations for the
larger study. First, we reported ICCs for each momentary ER strategy
to illustrate how much variances were within-person. Then, we built
MLMs to predict momentary reappraisal, suppression, rumination,
worry, planning, positive refocusing, soothing and perspective seek-
ing with their respective habitual measures. We did not have habitual
measures for distraction, problemsolving and savoring, given the lack
of well-validated measures for these strategies. Therefore, these three
strategies were notincluded in this analysis. This analysis allowed us to
assess how much momentary emotion regulation was associated with
their habitual counterparts.

Second, but more crucial for the currentinvestigation, we tested
the flexibility sequence model by examining whether momentary meas-
ures of context sensitivity, use of repertoire and feedback responsive-
ness would be associated with total momentary distress and its three
subdimensions (thatis, depressed mood, anxious mood and perceived
stress) measured after the regulation attempt.

We estimated a proxy for momentary context sensitivity by obtain-
ing the coefficient of variation of the nine situational characteristics
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(that is, DIAMONDS and controllability) for each person in each situ-
ation, which captures how well individuals differentiated among dif-
ferent situational characteristics in agivensituation (see equation (1)
below). For each situation, participants rated each of the nine situ-
ational characteristics from 1to 7. We calculated the standard devia-
tion for the nine ratings for each participant in each situation, which
captured the variability of the ratings. Next, we divided each standard
deviation by the mean of the nine ratings for that situation, which serves
to adjust the variability of the ratings for overall reporting tendency.
To further validate whether this score could serve as a proxy measure
of momentary context sensitivity, we built a MLM with momentary
context sensitivity as the dependent variable, and baseline measures
of context sensitivity, repertoire, and feedback responsiveness as
predictors. The analyses were conducted with random intercepts.

s.d.(nine situational characteristics)

Momentary context sensitivity = — - —
mean(nine situational characteristics)

We estimated two repertoire variables: overall repertoire, a
between-person variable, and momentary use of repertoire, a within-
person variable. We estimated the overall repertoire score for each
participant by summing the number of effective ER strategies a partici-
pant used over the course of the entire EMA study. An ER strategy was
considered effective for a participant, when across all EMA situations,
the correlation between using this strategy and strategy effective-
ness (that is, the sum of increasing positive affect, decreasing nega-
tive affect and facilitating problem solving) was positive and at least
smallin size (that is, r> 0.10%). To estimate the validity of the overall
repertoire score, we examined its correlation with baseline context
sensitivity, expressive flexibility (an aspect of repertoire) and feed-
back responsiveness. We estimated the momentary use of repertoire
as each participant’s use of strategies from their overall repertoire
in each situation. For example, if a participant had four ER strategies
(for example, reappraisal, distraction, problem solving and savoring)
exhibiting positive correlations with strategy effectiveness at above
0.10, their overall repertoire would be 4. In a given situation reported
inan EMA survey, ifthe participant used two out of these four effective
ER strategies (for example, reappraisal and problem solving), their
momentary use of repertoire in that situation would be 2.

We used the interaction between ER change and initial effective-
ness to assess the adaptiveness of momentary feedback responsive-
ness. Inspecific, we hypothesized thatindividuals would report lower
levels of momentary distress in situations where they maintained
effective strategies (thatis, ER change of O when initial effectiveness
was high) or switched from ineffective strategies (that is, ER change of
1wheninitial effectiveness was low).

Finally, we built a MLM predicting momentary measures of total
distress and as well as its three component measures (thatis, depressed
mood, anxious mood and perceived stress) by momentary measures
of context sensitivity, use of repertoire, effectiveness of initial ER
strategies, ER change and the interaction between ER change and
initial effectiveness. At level 1, predictors were person-centered to
assess within-person deviations from the participant’s mean. At level
2, they were grand-mean centered to evaluate and control for between-
person effects™,

Study 2 (China)

Data and participants. Participants were recruited from multiple social
media platforms (for example, Weibo, WeChat and Xiaohongshu). A
total of 167 participants were enrolled. A total of 23 participants left
the study before or during the EMA phase of study (10 withdrew dur-
ing the orientation meeting and 13 withdrew during EMA), leaving 144
participantsinour final analyses. Participants were compensated 220
renminbiifthey completed 80% of the daily surveys and 300 renminbi if
they completed 95% of the daily surveys. Participants withdrew during

EMA mainly because they failed quality checks of emotional situations
and careless response and could not reach above 80% to obtain com-
pensation. Those who remained in the study completed 78.95 out of
84 (93.99%) daily surveys on average. Most of the participants identi-
fied aswomen (55 men, 88 women and 1nonbinary or nonconforming
individual). Participants ranged from 18 to 55in age (M = 29.37 and s.d.
8.50). This study followed the reporting guidelines of the adapted
STROBE CREMAS®.

Measures. Baseline and exit survey. Participants completed a base-
line and an exit survey before and after the EMA phase of study. Both
surveys were distributed through the Questionnaire Star survey col-
lection platform (https://www.wjx.cn). Measures of the baseline and
exit surveys were identical, including demographics, components
of flexibility (except for context sensitivity due to lack of such meas-
ure in Chinese), habitual use of emotion regulation strategies and
symptoms of depression and anxiety. Measures of flexibility com-
ponents, habitual use of emotion and symptoms of depression and
anxiety were validated Chinese versions of the same measures used in
study 1. For detail of measures and validation, please refer to Supple-
mentary Material 1.

EMA measures. Each participant completed an orientation meeting
with one of tentrained graduate research assistants the day before the
first EMA survey. During the EMA phase, participants were prompted
by Ding Talk (https://www.dingtalk.com/en), a Chinese mobile app
suitable for experience sampling, to complete EMA surveys four times
perday atapproximately12:00,15:00,18:00 and12:00 over the course
of 21 days (that is, 84 EMA surveys in total). Once they received the
prompt, they had 90 min torespond. After that, the EMA survey expired
and was marked as missing. Asin study1, all 84 EMA surveys wereiden-
tical, assessing the most emotional situation in the past 3 h, followed
by measures of perceived situational characteristics, ER strategies,
effectiveness of ER strategies, whether participants changed their
initial ER strategies and levels of momentary psychological distress
following the regulation attempt. Unless specified otherwise, the word-
ings of EMA measures were identical to measures used in study 1and
were translated from English to Chinese by three graduate psychology
students following the procedures of standard translation and back
translation (Brislin, 1970). For detail of measures and validation, please
refer to Supplementary Material 1.

Statistical analysis. The analytic plan in study 2 was preregistered
before data analysis and the completion of data collection®’. As in
study 1, analyses were implemented in R Version 4.2.1 (ref. 53) and
the nlme**, Ime4> and reghelper*® packages, and the sample size was
determined based onthe Nrequired for accurate statistical estimates
in multilevel modeling*® and the sample size considerations for the
larger study. Following advice from reviewers, we included additional,
unplanned cross-cultural comparisons, reported under ‘Cross-cultural
comparisons’ section in Results.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data for the present study are still being analyzed by the research
team for additional publications separate from the focus of this
paper. However, data can be made available upon reasonable request
by contacting Mark Shuquan Chen at sc4173@tc.columbia.edu.

Code availability
The script used to generate the study findings is publicly available on
the Open Science Framework at https://osf.io/gbmvx/.
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