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Incongruent Affect in Early Childhood: Neurobiological Markers and Links
to Psychopathology

Adrelys Mateo Santana and Adam S. Grabell
Department of Psychological and Brain Sciences, University of Massachusetts Amherst

Researchers have long investigated emotion-related facial expressions, such as smiling and frown-
ing, to further the field’s understanding of behavior, emotions, and psychopathology. Fewer studies
have examined incongruent affect; facial expressions that do not match internal emotional experi-
ences (e.g., smiling during frustration). Although not extensive, current accounts of incongruent
affect in early childhood have assumed that these expressions indicate masking, an active regula-
tory process. Thus, many researchers contend that incongruent affect represents an adaptive emo-
tion regulation strategy. However, little attention has been paid to incongruent affect, and its
neurobiological correlates in early childhood. The present study examined complete versus partial
incongruent smiling in preschool-aged children (3.5- to 5-years-old) who completed a frustration-
eliciting task. We examined simultaneous neurobiological markers of incongruent smiles using
functional near-infrared spectroscopy (fNIRS) and galvanic skin response (GSR) and tested links to
parent-rated emotion regulation and psychopathology. Neutral and negative expressions were
assessed as comparison expressions. Results revealed that complete incongruent smiling predicted
poor effortful control, whereas partial incongruent smiling was not a significant predictor of regula-
tion, neurobiological changes, or psychopathology. Neutral expressions predicted better effortful
control skills and adaptive physiological response patterns. Results suggest that incongruent affect
may signal poor regulation of positive affectivity in low-interpersonal contexts, while neutral
expressions may act as masking expressions.

Keywords: incongruent affect, masking, emotion regulation, lateral prefrontal cortex (lPFC), galvanic
skin response (GSR)

Young children’s facial reactions to emotional stimuli have long
been investigated by researchers to better understand early behav-
ior, emotions, and psychopathology and interpreted by teachers
and clinicians to inform education- and treatment-based decisions
(Barrett et al., 2019; Cole, 1986; Cole et al., 1996; Frick et al.,
2010; Liew et al., 2004). Most of the body of work to date examin-
ing facial reactions has focused on expected affect, such as frown-
ing, and other anger expressions during negative emotional
challenges (Barrett et al., 2019). Yet, some researchers and clini-
cians have commonly observed children, adolescents, and adults
producing incongruent affect; expressions that do not match a per-
son’s covert emotional experience, particularly smiling during

frustration and disappointment. Although incongruent affect reac-
tions appear to occur from a very young age (Cole, 1986; Davis,
1995; Saarni, 1984), this behavior is grossly underresearched in
early childhood. As a result, the developmental significance of
early incongruent affect and what regulatory mechanisms it
reflects are largely unknown. Due to the knowledge gap in the de-
velopmental and regulatory mechanisms of incongruent affect dur-
ing the preschool years, the present study explicitly explored
different types of smiling during frustration in preschoolers. This
study further examined how these expressions predict neural and
physiological responses to negative feedback, as well as psychopa-
thology and self-regulation.
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Operationalization of Incongruent Affect

Ekman and Friesen (1982) first defined incongruent affect as fa-
cial muscle contractions producing a smile mixed with contrac-
tions producing fear, disgust, contempt, sadness, or anger.
Specifically, in studies with adult populations, Ekman and Friesen
(1982) defined incongruent affect as false smiles (e.g., genuine-
looking smiles or smiles mixed with negative affect) within an
uncomfortable or negative context. Other studies have more
broadly defined incongruent affect in early childhood as smiling
during a negative situation (Cole, 1986; Liew et al., 2004; Saarni,
1984). For instance, in a study examining spontaneous control of
negative emotions in 3- to 9-year-old children, Cole (1986)
defined incongruent affect as a lip corner pull and a cheek raise
individually or combined, and a brow raiser, forming a genuine-
looking smile. Similarly, studies examining incongruent affect in
preschool- (e.g., 3- to 5-years-old) and elementary-aged children
(e.g., 5- to 11-years-old) defined incongruent affect as the display
of positive behaviors, such as smiling, laughing, and positive
verbal gestures in a disappointing context (Davis, 1995; Liew
et al., 2004; McDowell et al., 2000; Saarni, 1984). However,
incongruent expressions are heterogeneous, and connections
between incongruent affect, indicators of regulation, and psycho-
pathology, may depend on the contraction of specific facial
muscles (Ekman & Friesen, 1982). Incongruent expressions can
be complete (e.g., smiling without co-occurring negative affect),
the most common form of studying incongruent affect, or partial
(e.g., smiling with co-occurring negative affect). To our knowl-
edge, studies examining incongruent affect in early childhood
have yet to explore whether children are more likely to exhibit
complete or partial incongruent expressions when frustrated and
how these expressions may differentially relate to emotion regula-
tion (ER) and psychopathology.

Incongruent Affect in Early Childhood

The development of incongruent affect in early childhood has
historically been debated among child development researchers.
Ekman et al. (1980) suggested that young children cannot contract
certain facial muscles, making it harder to display incongruent
affect. Similarly, several studies suggested that young children
struggle to conceal facial and vocal reactions when instructed to
do so (DePaulo et al., 1982; Feldman et al., 1979). For instance,
first graders were significantly less successful than seventh-graders
and college students in using verbal and facial cues to deceive
others (Feldman et al., 1979). Other studies, however, suggest
incongruent affect is prevalent in early childhood (Cole, 1986;
Davis, 1995; Liew et al., 2004; Saarni, 1984), such that children as
young as 3 years of age can understand and exhibit incongruent
affect when experiencing positive or negative emotions (Cole,
1986; Saarni, 1979). Notably, some researchers contend that dis-
playing incongruent affect may depend on children’s cognitive
abilities and socialization development (Liew et al., 2004; Saarni,
1979). For instance, Saarni (1979) hypothesized that incongruent
affect emerges with the development of complex cognitive func-
tions, such as monitoring and rule acquisition, that materialize dur-
ing the preschool years. Other researchers hypothesized that
incongruent affect depends on the child’s ability to understand
social expectations (Liew et al., 2004), suggesting that incongruent

affect develops as children’s understanding of socialization
increases. Incongruent affect may signal critical developmental
processes in early childhood. However, the underpinning regula-
tory function of incongruent affect across various contexts remains
largely unknown.

Contextualization and Regulatory Mechanisms of
Incongruent Affect

Incongruent affect appears to be largely contingent on social
context, as it often occurs when one experiences strong negative
emotions (Ekman et al., 1988) and in uncomfortable situations
with unfamiliar individuals (Cole, 1986). For instance, children
who experienced disappointment in an unfamiliar social context
accompanied by a stranger (e.g., the experimenter) smiled more
than their counterparts who experienced disappointment in a non-
social context (Cole, 1986). Therefore, it has been hypothesized
that children display incongruent affect during a negative emo-
tional challenge to conform to social norms (e.g., smiling to pre-
vent discomfort for others), which may reflect adaptive ER (Cole,
1986; Saarni, 1984). Many researchers have interpreted children’s
smiling during frustration as masking, in other words, regulating
their emotions by concealing negative affect (Cole et al., 1996;
Davis, 1995; Liew et al., 2004; McDowell et al., 2000). However,
while these findings suggest incongruent affect may be an ER
strategy moderated by social context, as described below, further
research is needed to understand their function in early childhood.

The scant research on early incongruent affect comes mostly
from studies using highly interpersonal paradigms with strong
social demands (e.g., Disappointing Gift Paradigm; Saarni, 1984)
and has revealed regulatory and social patterns suggesting that
incongruent affect indicates good ER and socially acceptable
behavior. In a study examining the links between effortful control,
low emotionality, social competence, adjustment, and display rule
behaviors, Liew et al. (2004) used observational measures to code
children’s immediate affective (e.g., positive affect) and behav-
ioral (e.g., negative remarks) reactions to a disappointing gift. A
series of questionnaires were also used to assess effortful control,
low emotionality, social competence, and participants’ adjustment
as rated by their parents, teachers, and peers. Results showed that
children who made an incongruent expression (e.g., displayed pos-
itive affect) after receiving a disappointing gift were rated as hav-
ing better effortful control, and were more well-adjusted and
socially competent than their peers (Liew et al., 2004). While these
results suggest that incongruent affect signals adaptive ER in early
childhood, there remains a significant knowledge gap regarding
the regulatory mechanisms occurring during incongruent affect.
For example, it is unclear whether smiling during a negative emo-
tional challenge always represents an active regulatory mecha-
nism, such as masking, instead of maladaptive regulatory and
temperamental patterns.

Indeed, researchers have also linked high and intense displays
of positive affect to externalizing, conduct, and disruptive behav-
iors (Cole et al., 1994; Eisenberg et al., 1996; Fowles, 1987;
Rydell et al., 2003), raising the possibility that smiling during frus-
tration may be, in some cases, a potential risk factor. In a study
examining the links between emotionality, ER, and behavioral ad-
aptation in school-age children (e.g., 5- to 8-years-old), Rydell
et al. (2003) found high positive emotionality-exuberance and low
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regulation of positive affect were associated with externalizing
behaviors. The same study found that low regulation of positive
emotions and exuberance was further associated with low levels of
prosocial behavior. Another study examining the relations of emo-
tionality and regulation in elementary school children similarly
found a link between high positive emotionality and teacher- and
father-rated conduct problems (Eisenberg et al., 1996). These stud-
ies suggest that smiling could reflect completely divergent under-
lying processes that may be difficult to tease apart from overt
behavior alone. Multimethod approaches, such as combining neu-
ral and physiological changes during facial expressions, may eluci-
date when incongruent affect may signal regulation and when it
may be maladaptive.

Neural and Physiological Correlates of
Incongruent Affect

A multimodal investigation of the early regulatory mechanics of
incongruent affect requires devices that are sensitive to stress
arousal and regulation and that are tolerable to young children.
Galvanic skin response (GSR), an accessible and sensitive mea-
surement of changes in electrodermal activity driven by the auto-
nomic nervous system, is an ideal measure of emotion-related
physiology. GSR has historically been used in emotion reactivity
research, as GSR changes during emotional challenges signal stim-
uli-related reactivity and involve ER processes (Boucsein, 2012;
Cacioppo & Sandman, 1978; Cole et al., 1996; Kadziolka et al.,
2016). If smiling during frustration were an active regulatory pro-
cess (e.g., masking), one might expect increases in GSR during the
frustration stimuli, suggesting onset of emotion-related stress, fol-
lowed by a decrease in GSR, suggesting modulation of that stress.
Alternatively, hypo- or hyperresponsiveness to the frustration
stimuli, as measured by changes in GSR, followed by a lack of
return to physiological baseline, may indicate a less adaptive
response, as many studies have found hypo- and hyperresponsive
patterns of physiological activation to be associated with maladap-
tive behaviors and poor ER strategies (Beauchaine et al., 2007;
Boyce et al., 2001; Calkins & Dedmon, 2000; Cole et al., 1996).
To our knowledge, no one has linked smiling during frustration
with simultaneous changes in GSR.
Moreover, if smiling during frustration is a form of active regu-

lation, physiological changes associated with incongruent affect
would be driven by neural regions implicated in the top-down reg-
ulation of negative emotions, notably the lateral prefrontal cortex
(lPFC; Goldin et al., 2008; Kim & Hamann, 2007; Silvers et al.,
2015). Recent studies using functional near-infrared spectroscopy
(fNIRS) suggest ER-related lPFC activation is present in early
childhood (Grabell et al., 2019; Perlman et al., 2014). Thus, exam-
ining whether smiling during frustration is associated with strong
versus weak concurrent lPFC activation may elucidate whether the
expression signals regulation or a maladaptive process, such as
poor regulation of positive affect in early childhood.

Smiling and Psychopathology

How smiling during frustration indicates adaptive regulation
has important implications for identifying the most common forms
of early psychopathology, particularly early externalizing prob-
lems and irritability. Irritability is a transdiagnostic symptom that

comprises anger, annoyance, and temper tantrums (Stringaris
et al., 2018; Wakschlag et al., 2018) present in over a dozen Diag-
nostic and Statistical Manual of Mental Disorders-Fifth Edition
(DSM–5) disorders and the most common cause of psychological
services referrals in early childhood (Stringaris et al., 2018). Exter-
nalizing behavior problems comprise aggressive and defiant
behaviors that violate social norms and are often a symptom of
conduct disorder in early childhood (Bongers et al., 2003; Roth-
baum & Weisz, 1994). Associations between facial expressions
and early psychopathological disorders have demonstrated signifi-
cant clinical utility. For instance, the frequency of negative expres-
sions children exhibited was significantly positively associated
with parent-rated irritability and externalizing problems in young
children and differentiated children above and below clinical cut-
offs (Grabell et al., 2020). Notably, smiling during frustration dif-
ferentiated between clinical and nonclinical irritability with fair
clinical utility, such that more smiling during frustration onset
increased the risk for clinically significant irritability (Grabell
et al., 2020), which is counter to the contention that this expression
reflects adaptive ER.

The Present Study

The present study explored preschool-age children’s complete
and partial incongruent smiling during frustration and how these
expressions predicted simultaneous neural and physiological
changes and parent-reported psychopathology and self-regulation.
Young children ages 3.5- to 5-years-old completed an emotion-
eliciting computer task during which they received predetermined
positive and negative feedback. The present study focused on the
negative feedback condition, as hypotheses were specific to child-
ren’s facial responses to frustration. Children’s facial expressions
were videotaped while lPFC activation via fNIRS and physiologi-
cal response via GSR were recorded simultaneously. The Facial
Action Coding System (FACS) was used to identify the frequency
of partial and complete incongruent smiling during frustration
onset (e.g., while receiving negative feedback). Here, “incongru-
ent” specifically refers to incongruence between the child’s overt
affective expression (i.e., smiling) and the emotion the task trial
was designed to elicit (i.e., frustration). Caregivers reported their
child’s self-regulation, externalizing problems, and irritability. We
hypothesized that children would produce complete and partial
incongruent smiling and explored whether complete or partial
incongruent smiling was more frequent. We further hypothesized
that a higher frequency of smiling during frustration would predict
better self-regulation, greater lPFC activation, modulated physio-
logical reactivity, a robust return to physiological baseline (recov-
ery), and lower irritability and externalizing behavior. We also
examined and compared neutral and negative expressions to deter-
mine whether the effects were explicitly due to incongruent affect
as opposed to overall expressivity.

Method

Participants

The present study was part of a larger project assessing behavioral,
neural, and physiological predictors of irritability in early childhood.
Ninety-six children, ages 3.-5 to 5-years-old (Mage = 4.58, SD = .75;
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53.1% male, 46.9% female; 75% White, 9.8% Black or African
American, 9.8% Multiracial, 2.2% Asian, 3.3% chose not to an-
swer; 16.7% also identified as Latinx), participated. Participants
were recruited via social media platforms and community out-
reach. Exclusionary criteria included psychotic symptoms, devel-
opmental or intellectual disability diagnosis, history of head
trauma with loss of consciousness, and inability to speak or under-
stand English.
Sample size was determined before data collection based on

pilot study power analyses and previous work using a similar
framework (Grabell et al., 2019). Eight children had missing facial
expression data due to poor video quality and incomplete process-
ing and coding. Eight children also had missing GSR data due to
uneditable noise in the signals and children choosing not to wear
the electrodes. Similarly, four children had missing neural data
due to poor signals and participants choosing not to wear the
fNIRS cap. Final analyses were completed with the maximum
number of participants available for each analysis type. Parents
were briefed and provided informed consent at the beginning of
the study. Families received a $60 compensation for participating,
and children received a certificate and a small toy. This research
study was approved by the University’s Institutional Review
Board (IRB).

Emotion Eliciting Task

Children played the emotion-eliciting task “Incredible Cake
Kids” (ICK; Grabell et al., 2019) on a touchscreen computer,
while lPFC activation via fNIRS, and physiological responses via
GSR, were simultaneously recorded (description below). The task
consisted of a virtual bakery that required the child’s help choos-
ing cakes for customers. Children first watched an instructional
video and practiced playing the game, during which the researcher
told them the task was skill-based and to select the “most delicious
cake,” as their performance would be evaluated. Following the
practice round, children completed 30 trials of the task. Each trial
presented a virtual customer and three virtual cakes that remained
on the screen for 4 s, followed by 2 s of “anticipation” and 2 s of
positive (e.g., “yummy”) or negative (e.g., “yuck”) feedback, and
a 2-s rest period. Unbeknownst to the child, positive and negative
feedback were predetermined. The task was subdivided into three
positive (e.g., four positive and one negative feedback trial) and

three negative (e.g., four negative and one positive feedback trial)
blocks, with 20-s rest periods between blocks and a 7-point emo-
tion self-rating scale at the end of each block (see Figure 1). The
task lasted approximately 10 min and was video recorded via
high-definition cameras. The experimenter stayed out of the
child’s field of view, ensuring that the child focused on the task.

ICK was modeled after commonly used frustration paradigms
in older children, which induce frustration by providing predeter-
mined and frequent negative feedback (Deveney et al., 2019; Gra-
bell et al., 2019). Previous studies using this type of feedback
procedure have found it to effectively elicit frustration in pre-
schoolers (Camacho et al., 2021; Grabell et al., 2019, 2017; Perl-
man et al., 2015), and are compatible with simultaneous neural
and physiological recording. To further ensure that frustration was
caused by the unexpected negative feedback, every customer and
cake design was different. Although the task included positive and
negative trials, only negative trials were examined because our
research questions were specific to frustration (e.g., negative feed-
back). Moreover, participants’ emotional self-ratings results are
not reported, as previous work using ICK has found this data to be
unreliable (Grabell et al., 2019, 2017). In addition, previous work
has found that young children tend to choose the most extreme
states when presented with Likert scales, and often struggle to reli-
ably report their own emotions (Zeman et al., 2007).

Lateral Prefrontal Cortex Activation Measurement

Children’s lateral prefrontal cortex activation was recorded via
functional near-infrared spectroscopy (fNIRS), a noninvasive opti-
cal imaging system (NIRx Medical Technologies, Orlando, FL).
fNIRS is well-suited for infants and young children and is more
robust to motion artifacts than traditional neuroimaging technol-
ogy (e.g., functional magnetic resonance imaging [fMRI] and elec-
troencephalogram [EEG]), allowing children to move comfortably
and making it easier to record simultaneous neural activation and
facial expressions (Wilcox & Biondi, 2015). The fNIRS probe
contained eight light-source emitters with 760 nm and 850 nm
LED lights and four detectors. Sources and detectors were
attached to an elastic cap at an average distance of 3 cm. We fol-
lowed the 10–20 international coordinates to position the probe.
We also aligned the interior medial corner of the probe with FpZ
and expanded it over Brodmann areas 10 (ventrolateral prefrontal

Figure 1
Incredible Cake Kids Task Trial

Note. See the online article for the color version of this figure.
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cortex) and 46 (dorsolateral prefrontal cortex) on the right and left
hemispheres.
Analyses were conducted using the NIRS Brain AnalyzIR Tool-

box (Santosa et al., 2018). Data were collected at 7.81 Hz and
down-sampled to 4 Hz. Changes in light saturation were converted
to optical density and then changed in oxy- and deoxyhemoglobin
estimates via the modified Beer-Lambert Law (Swinehart, 1962).
A general linear model was used to assess the contrast between
frustration blocks minus rest blocks at the subject level with an
auto-regressive whitened, weighted least-squares (AR-iRLS)
model used to reduce the effects of motion artifacts and systemic
physiology (Barker et al., 2013). To minimize family wise error,
the 10 source-detector pair channels were averaged into two
regions of interest corresponding to the left and right lPFC. Aver-
aging the pair channels into the left and right lPFC also provides
information about laterality, consistent with other fNIRS studies
on preschool samples (Grabell et al., 2019; Li et al., 2017; Tsujii
et al., 2010). Subject-level activation estimates for each ROI were
exported to be imputed into regression models.

Physiological Activity Measure

Children’s GSR was measured via MindWare (Gahanna, OH)
BioNex chassis disposable GSR electrodes, which were placed in
the palms of the nondominant hand to minimize motion artifacts.
Following data collection, GSR data was processed via MindWare
proprietary electrodermal activity (EDA) analysis software. We
first processed and edited any skin conductance responses (SCRs)
artifacts (e.g., motion or respiration artifact) in time mode. Seg-
ments were edited when they exhibited SCRs with an amplitude
below two microsiemens (uS), as a normal uS amplitude ranges
from .5 to 45 uS (Morgan, 2017) or when the respiration was not
consistent with the SCRs. All segments were written in time
mode, irrespective of the quality or percentage edited. We also
processed and wrote the GSR data in event mode; however, we
did not write any segments that had 50% or higher edited, as these
were our segments of interest. For this study, we only used the
segments written in event mode. We exported the number of SCRs
for each frustration, reward, and rest block. We converted SCR
scores to SCR rate per second as frustration and reward blocks
could vary in length depending on the child’s responding pattern.
Baseline SCRs were collected during the 20-s rest periods in
between blocks. We created changed scores between rest blocks
and subsequent frustration blocks and averaged them as a measure
of physiological reactivity. We also created changed scores
between frustration blocks and subsequent rest blocks and aver-
aged them as a measure of physiological recovery. Note that to
compute reactivity, the rest block before the frustration block was
used, and to compute recovery, the rest block that occurred after
the frustration block was used.

Facial Expressions Coding

Children’s facial expressions were video recorded via two high-
definition cameras, one trained on the child’s face and another at
an angle. ELAN (Version 6.0, computer software; ELAN, 2020)
was used to divide the videos into positive and negative blocks,
which permitted coders to denote the facial expression codes for
each 2-s feedback window. The feedback type was hidden in the

video file, and the videos were muted during coding to reduce
coder bias.

Ekman and Friesen (1978) FACS was used to code children’s
facial expressions. FACS is an anatomically based system that
uses individual facial muscle movements denoted as action units
(AUs). In the present study, the following subset of AUs were
coded: brow lowerer (AU 4), nose wrinkler (AU 9), upper lip
raiser (AU 10), lip corner puller (AU 12), and lip corner depressor
(AU 15). AUs 9 and 10 were combined and coded as a single unit
(e.g., 9/10). Code selection was informed by previous literature on
children’s facial expressions (Grabell et al., 2018, 2020) and AUs
observed during pilot coding. Before coding in the laboratory,
coders completed rigorous FACS training, passed the FACS certi-
fication test, and completed a lab-based FACS training specific to
coding children. Each team of coders achieved interrater reliability
of .8 or higher during in-lab training before FACS coding. Coders
were assigned individual, randomized blocks across participants to
ensure they could not discern the timing of each type of feedback
throughout the task. To prevent coders’ preexisting knowledge of
the child’s temperament, coders were not assigned participants
with whom they had prior interaction (e.g., present during study
protocol or transcribed their video). Coders were instructed to
code the AUs present within a 4-s segment (e.g., 2 s of feedback
and two additional seconds), irrespective of the duration and inten-
sity of the expression. Lastly, we coded for visibility to account
for obstructions of part of the face or the entire face. Visibility
codes included: Brows and forehead not visible (AU 70), eyes not
visible (AU 71), lower face not visible (AU 72), entire face not
visible (AU 73), and unscorable (AU 74).

Every block was double-coded by two independent coders. Af-
ter coding, the two independent coders went over both codes,
resolved disagreements, added any initially missed codes, and
removed any codes that coders agreed were not present to create a
consensus code, which was used in analyses. However, interrater
reliability was calculated as the agreement between their individ-
ual codes using the formula provided by the official FACS manual
(e.g., number of codes agreed upon divided by the number of total
codes3 2). The overall reliability of the present study was accept-
able (a = .72).

The frequency of four mutually exclusive facial expressions
during negative feedback was calculated: complete incongruent
smiling, partial incongruent smiling, neutral expressions, and neg-
ative expressions. Complete incongruent smiling was defined as a
lip corner puller (AU 12) during negative feedback. Partial incon-
gruent smiling was defined as the presence of a brow lowerer (AU
4), nose wrinkler (AU 9), upper lip raiser (AU 10), or lip corner
depressor (AU 15) co-occurring with a lip corner puller (AU 12).
Neutral expressions were defined as the lack of facial expressions
during negative feedback. Negative expressions were defined as
the presence of a brow lowerer (AU 4), nose wrinkler (AU 9),
upper lip raiser (AU 10), or lip corner depressor (AU 15) without
any co-occurring lip corner puller (AU 12; see Figure 2). The per-
centage of facial expression was calculated by coding the fre-
quency of expression occurrence and dividing it by the number of
frustration trials (e.g., 15 negative feedback trials). In the present
study, incongruent smiling was operationalized as smiles that spe-
cifically occurred during the negative trials.
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Self-Regulation and Psychopathology Measures

Self-Regulation

Caregivers reported their children’s self-regulation using the
Effortful Control subscale of the Child Behavior Questionnaire
(CBQ; Rothbart et al., 2001). The CBQ comprises 94 items, di-
vided into subsets, and then averaged to create 15 subscales.
Effortful control is calculated by averaging the Attentional Focus-
ing (six items, a = .77), Inhibitory Control (six items, a = .66),
Low-intensity Pleasure (eight items, a = .68), and the Perceptual
Sensitivity (six items, a = .70) subscales of the CBQ. All subscales
use a 7-point Likert scale, 1 = extremely untrue and 7 = extremely
true. The CBQ has been demonstrated to be a valid and reliable
measure of parent-reported child temperament (Putnam & Roth-
bart, 2006).

Externalizing

Caregivers reported their child’s Externalizing and Internalizing
problems via the Child Behavior Checklist (CBCL; Achenbach &
Rescorla, 2000). The CBCL comprised 99 items, and parents rated
the extent to which each behavior was true of their child in the
present or within the past 2 months via a 3-point Likert scale (e.g.,
0 = not true, 1 = somewhat or sometimes true, and 2 = very true or
often true). The present study focused on examining the external-
izing problems composite (e.g., “Gets in many fights”). The exter-
nalizing problems composite is measured by adding the Attention
Problems (five items, a = .78) and Aggressive Behavior (19 items,
a = .94) subscales of the CBCL.

Irritability

Caregivers also reported their child’s temper modulation via the
Multidimensional Assessment of Preschool Disruptive Behavior
(MAP-DB; Wakschlag et al., 2012). The MAP-DB comprises 111
items, subdivided into four dimensions; Temper Loss (22 items,
a = .97), Noncompliance (22 items, a = .96), Aggression (25

items, a = .96), and Low Concern for others (nine items, a = .94).
Parents rated how often their child engaged in each behavior
weekly via a 6-point Likert scale (e.g., 0 = never, 1 = rarely (less
than once a week), 2 = some (1–3 days), 3 = most (4–6 days), 4 =
every day of the week, 5 = many times each day). The present
study examined the Temper Loss dimension of the MAP-DB to
measure irritability (e.g., In the past month, how often did your
child act irritable?). All self-regulation measures were processed
and analyzed as continuous variables.

Analysis Strategy

Paired-samples t tests were used to examine differences among
the four facial expressions during the frustration trials. Following
previous literature using the ICK task, a paired-samples t test of
negative expressions across conditions (e.g., positive and negative
trials) was performed as a validity test of the task probing frustra-
tion. Preliminary descriptive statistics were then performed to test
for univariate and multivariate outliers. We then completed a se-
ries of multiple linear regressions to test whether a higher fre-
quency of incongruent affect during frustration was associated
with better self-regulation, greater lPFC activation, modulated
physiological reactivity, robust physiological recovery, and lower
behavioral problems. Lastly, a False Discovery Rate (FDR) cor-
rection was performed to correct for multiple comparisons. All
analyses were performed via IBM SPSS Statistics 24 (IBM SPSS
Statistics for Windows, Version 24.0; IBM Corp., 2016).

Transparency and Openness

The present study reports screening, exclusionary criteria, a
complete description of data analysis, data exclusion due to out-
liers, and all measures used. Data, analysis codes, and other
research materials obtained during the present study are not avail-
able via a repository, as most of our data contains sensitive and
identifiable information (e.g., neural, physiological, and behavioral

Figure 2
Participant Making Four Types of Facial Expressions

Note. A child participant producing a neutral facial expression (A), a negative expression denoted by the brows lowering towards each other (AU4)
and the contraction of the upper lip raiser (AU10), producing a sneer and deepening the smile line (B), a complete incongruent smiling expression
denoted by the contraction of the lip corners puller (AU12), producing a smile (C), and a partial incongruent smiling expression denoted by the contrac-
tion of the lip corners puller (AU12) and the upper lip raiser (AU10), producing a smile with traces of frustration (D). The child’s legal guardian signed
a Photo Release form, granting permission to use the participant’s photos for internet and print advertisement and scientific purposes. AU = action units.
See the online article for the color version of this figure.
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recordings of participants), which cannot be published for public
access. However, all data, analysis codes, and other study materi-
als are available upon request for research purposes. The current
study design and analysis strategy were not preregistered; how-
ever, research questions, hypotheses, and analysis strategies were
formulated before data analysis.

Results

Preliminary Analyses

Descriptive statistics and correlations for all variables can be
found in Table 1. On average, preschool children’s exhibition of
partial incongruent smiling ranged from .00–.93 (M = .12, SD =
.18), complete incongruent smiling ranged from .00–1.00 (M =
.46, SD = .29), neutral expressions ranged from .00–.93 (M = .31,
SD = .25), and negative expressions ranged from .00–.60 (M = .04,
SD = .09) during frustration trials. A paired-sample t test revealed
that preschool children generated significantly more complete
incongruent smiling (M = .46, SD = .29), than partial incongruent
smiling (M = .12, SD = .18, t(76) = 11.43, p , .001), neutral
expressions (M = .31, SD = .25, t(76) = 2.65, p = .01), and nega-
tive expressions (M = .04, SD = .09, t(76) = 11.74, p , .001).
Children generated significantly more neutral expressions (M =
.31, SD = .25) than partial incongruent smiling (M = .12, SD = .18,
t(76) = 3.61, p = .001) and negative expressions (M = .04, SD =
.09, t(76) = 9.26, p , .001), and significantly more partial incon-
gruent smiling (M = .12, SD = .18) than negative expressions (M =
.04, SD = .09, t(76) = 9.26, p = .001). Bivariate correlations
showed that all facial expressions were, in general, strongly corre-
lated with each other. Neutral expressions, however, were inver-
sely correlated with complete and partial incongruent smiling.
Bivariate correlations and independent-samples t tests showed that
facial expressions were unrelated to age and gender (p . .10),
thus age and gender were not controlled for in subsequent
analyses.
Next, a paired-samples t test of negative expressions across con-

ditions (e.g., positive and negative trials) was performed as a va-
lidity check that children produced more negative affect during
frustration blocks than winning blocks, and that the task induced
mild to moderate frustration. The test revealed that children dis-
played negative affectivity significantly more following frustration
onset (M = .04, SD = .09), than following positive feedback (M =
.01, SD = .04, t(76) = 2.54, p = .01). In addition, we found that
29% of children made at least one purely negative face, and 65%
of children made at least one face that was a mix of smiling and
negative affect during frustration blocks. This suggests that, on av-
erage, the negative trials probed the intended mild to moderate
frustration, whereas the positive trials, on average, elicited other
types of facial expressions.
Lastly, preliminary descriptives revealed three extreme univari-

ate outliers who produced more facial expressions than peers and
were more than three standard deviations above the mean. A
Mahalanobis distance test further showed that two univariate out-
liers were also statistically significant multivariate outliers for ev-
ery individual facial expression and outcome variable at p , .001.
Results described below were similar with and without the out-
liers. Some results were significant at the p , .10 threshold with T
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the outliers included and significant at the p , .05 threshold with
the outliers removed. Results are presented with outliers removed;
however, we denote below which results shifted within or outside
the p, .05 threshold had outliers been included.

Linear Regression Analyses

Multiple linear regression models were conducted to test the hy-
pothesis that a higher frequency of incongruent affect during frus-
tration would predict better self-regulation, greater lPFC
activation, moderated physiological reactivity, robust physiologi-
cal recovery, and lower behavioral problems and irritability.
Because predictor variables were significantly correlated with
each other and to be consistent with initial hypotheses, individual
regression models were conducted. As expected, multiple linear
regressions revealed medium effect-sized results. Although our
sample size was robust compared with other preschool neuroimag-
ing studies, a sample size under 80 increases the risk of a Type II
error. Thus, to balance the risk of Type I and Type II errors (Was-
serstein & Lazar, 2016), we report both uncorrected, and FDR cor-
rected p values. Lastly, we further explored whether the four
distinct facial expressions uniquely predicted the outcomes as a
form of comparison. However, as expected, entering all predictors
in the same model increased the standard errors, making effects
more difficult to detect (see Appendix A Table A1).
Contrary to hypothesis, higher complete incongruent smiling

predicted worse effortful control (b = �.04, SE = .02, R2 = .06,
p = .04, pAdjusted = .37). When outliers were included, complete
incongruent smiling did not significantly predict effortful control
(b = �.03, SE = .02, R2 = .05, p = .07). Complete incongruent
smiling did not significantly predict externalizing behaviors, irrita-
bility, neural activation, or GSR reactivity and recovery levels (p .
.06). Similarly, partial incongruent smiling did not significantly
predict effortful control, externalizing behaviors, irritability, neu-
ral activation, or GSR reactivity and recovery (p . .07). Negative
expressions also did not significantly predict effortful control,
externalizing behaviors, irritability, neural activation, or GSR
reactivity and recovery (p . .14). When outliers were included,
negative expressions became a significant predictor of right lPFC
activation (b = 3.51, SE = 1.63, R2 = .06, p = .04). Lastly, neutral
expressions significantly, positively predicted effortful control (b =
.05, SE = .02, R2 = .08, p = .01, pAdjusted = .14), such that more fre-
quent neutral expressions predicted better effortful control skills.
Neutral expressions also predicted higher GSR reactivity (b =
.006, SE = .002, R2 = .13, p = .003, pAdjusted = .08), such that more
frequent neutral expressions predicted higher physiological
responses. Furthermore, neutral expressions significantly pre-
dicted higher GSR recovery (b = �.005, SE = .002, R2 = .06, p =
.05, pAdjusted = .20), such that more frequent neutral expressions
predicted a more robust return to physiological baseline when
frustration was over. Neutral expressions did not significantly pre-
dict externalizing behaviors, irritability, and neural activation (p .
.55). See Table 2 for all regression outcomes with effect sizes.

Discussion

The present study aimed to understand the developmental sig-
nificance of incongruent expressions in early childhood, specifi-
cally smiling during frustration, by examining their neural and

physiological correlates and relation to self-regulation and psycho-
pathology. Negative and neutral expressions were also examined
to determine whether the effects were related to incongruent affect
instead of overall expressivity. We found that children made com-
plete and partial incongruent smiling during frustration, with com-
plete incongruent smiling being significantly more common.
Contrary to our hypotheses, complete incongruent smiling, but not
partial incongruent smiling, predicted worse effortful control. Neu-
tral expressions predicted better effortful control and increased
GSR reactivity followed by a robust recovery. All other models
were not statistically significant.

Complete Incongruent Smiling

Results suggest that young children’s smiling during a negative
event is potentially more complicated than what has been reported
in the extant literature. Some researchers had previously concluded
that incongruent affect indicates masking, implying an active regu-
latory process (Cole et al., 1996; Davis, 1995; Liew et al., 2004;
McDowell et al., 2000). However, the present findings suggest
that whether incongruent affect reflects active masking may
depend on the facial muscles contracted in the expression and the
social context in which it occurs. In the present study, complete
incongruent smiling indicated deficient temperamental effortful
control, suggesting that smiling without leakage of negative affect
during an emotional challenge is not always adaptive or indicates
masking, contrasting previous work (Liew et al., 2004; McDowell
et al., 2000). Complete incongruent smiling in the present study
may instead be indicating high positive affectivity or capturing
children high in temperamental exuberance, which have been pre-
viously linked to poor ER skills and externalizing, conduct, and
disruptive behaviors (Cole et al., 1994; Eisenberg et al., 1996;
Fowles, 1987; Rydell et al., 2003).

The present findings further highlight the potentially crucial role
of social context in interpreting whether incongruent affect is
adaptive or maladaptive. Prior work on early incongruent affect
used Saarni’s (1984) disappointing gift paradigm, a highly inter-
personal task in which children receive a disappointing gift
directly from a stranger (e.g., the researcher), naturally eliciting
display rule behaviors (e.g., showing gratitude despite one dislik-
ing the present). As a result, children who display incongruent
affect within the disappointing gift paradigm context are thought
to be masking and perceived as adaptive and socially competent
(Liew et al., 2004; McDowell et al., 2000). In contrast, the para-
digm used in the present study was much less interpersonal and
more similar to real-world, goal-focused, frustration scenarios
such as a child working on a challenging puzzle, game, or toy. It
is, therefore, necessary to consider mild versus high interpersonal
context when examining incongruent affect, as the social context
may indicate vastly different interpretations of this behavior. For
instance, if complete incongruent smiling occurs in a low to mod-
erate interpersonal context, it may be indicating poor modulation
of positive affectivity or even capturing children high in tempera-
mental exuberance. In contrast, the same behavior in an interperso-
nal context may indicate an adaptive regulation strategy driven by
expected social norms. Future work should further examine com-
plete incongruent smiling across social and nonsocial contexts to
determine how context moderates the function of complete incon-
gruent smiling in early childhood.
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Neutral Expressions

Although neutral expressions were included as a comparison
group, we found robust associations with ER that advance our
understanding of early emotional expressions. The present study
operationalized neutral expressions as the absence of AUs during
frustration onset, which is similar to suppression: the overt inhibi-
tion of internal emotional experiences (Gross, 2002; Gross &
Thompson, 2007; Rogers et al., 2016). However, the current find-
ings contradict the suppression literature, which has contended
that suppression is maladaptive (Braet et al., 2014; Samson et al.,
2015), as it has been linked to poor emotional and interpersonal
functioning (Gross et al., 2006), and low ER skills (Rogers et al.,
2016). In the present study, however, neutral expressions predicted
good effortful control skills and modulated physiological reactiv-
ity followed by a robust recovery. In other words, children who
displayed neutral expressions had feedback-related physiological
stress responses (reactivity) followed by a strong return to baseline
(recovery) after frustration onset. This pattern more closely resem-
bles an adaptive and active regulatory process such as masking, as
children exhibited neutral expressions despite experiencing physio-
logical stress responses, which they down-regulated appropriately.

Differences in research methodologies may better explain contra-
dictory findings, as past research on suppression often instructed
participants to suppress their emotional reactions or complete ques-
tionnaires about their ER strategies (e.g., emotional suppression). In
contrast, the present study measured participants’ unprompted, nat-
uralistic emotional suppression. Thus, the field should perhaps be
more conservative when interpreting neutral expressions, as its reg-
ulatory mechanisms seem to be more complex than previously
thought and may vary across various factors (e.g., context, severity,
etc.).

In addition to predicting a physiological response to frustration
onset indicative of adaptive ER, neutral expressions predicted bet-
ter temperamental effortful control. Effortful control captures
children’s differing abilities to voluntarily regulate their emotions
and reactions (Rueda, 2012). In addition, effortful control has
been found to predict regulation of positive and negative feelings
(Kochanska et al., 2000) and it is considered a critical component
of self-regulation (Cipriano & Stifter, 2010). Therefore, the pres-
ent findings suggest that naturally occurring neutral expressions
during frustration onset may capture children with strong self-
regulation skills. These questionnaire-based results are further sup-
ported by our findings that children in the neutral expression group

Table 2
Multiple Linear Regression Effects Across Four Facial Expressions

Model B SE
95% CI

b F df p pAdjusted[LL, UL]

Complete incongruent smilinga

Effortful controlb �0.04 0.02 [�0.08, �0.002] �0.24 4.42 1, 71 .04* .37
Externalizingb 0.61 0.36 [�0.11, 1.33] 0.19 2.81 1, 72 .10 .40
Irritabilityb 0.78 0.58 [�0.38, 1.94] 0.16 1.80 1, 72 .18 .42
Left lPFCb �0.21 0.60 [�1.40, 0.98] �0.04 0.12 1, 69 .73 .97
Right lPFCb �0.76 0.52 [�1.79, 0.27] �0.17 2.15 1, 69 .15 .42
GSR reactivityb �0.003 0.002 [�0.007, , .001] �0.23 3.57 1, 65 .06 .34
GSR recoveryb 0.004 0.002 [�0.001, 0.01] 0.20 2.70 1, 65 .11 .39

Partial incongruent smilinga

Effortful controlb �0.03 0.03 [�0.10, 0.03] �0.12 1.03 1, 71 .31 .62
Externalizingb 0.003 0.67 [�1.33, 1.33] 0.001 ,0.001 1, 72 .10 .97
Irritabilityb �0.21 1.07 [�2.34, 1.91] �0.02 0.04 1, 72 .84 .98
Left lPFCb 1.88 1.03 [�0.18, 3.94] 0.21 3.30 1, 69 .07 .33
Right lPFCb 0.75 0.93 [�1.10, 2.61] 0.10 0.66 1, 69 .42 .78
GSR reactivityb �0.004 0.003 [�0.01, 0.002] �0.17 1.95 1, 65 .17 .43
GSR recoveryb �0.002 0.004 [�0.01, 0.01] �0.05 0.17 1, 65 .69 1.07

Negative expressionsa

Effortful controlb �0.04 0.12 [�0.28, 0.20] �0.04 0.12 1, 71 .74 .94
Externalizingb 0.91 2.32 [�3.71, 5.53] 0.05 0.15 1, 72 .70 1.03
Irritabilityb �0.43 3.70 [�7.81, 6.94] �0.01 0.01 1, 72 .91 .94
Left lPFCb 4.43 3.64 [�2.83, 11.68] 0.15 1.48 1, 69 .23 .50
Right lPFCb 4.76 3.19 [�1.61, 11.12] 0.18 2.22 1, 69 .14 .43
GSR reactivityb �0.002 0.01 [�0.03, 0.02] �0.03 0.04 1, 65 .84 .94
GSR recoveryb �0.005 0.01 [�0.03, 0.02] �0.05 0.14 1, 65 .71 .99

Neutral expressionsa

Effortful controlb 0.05 0.02 [0.01, 0.09] 0.29 6.58 1, 72 .01* .14
Externalizingb �0.24 0.40 [�1.05, 0.57] �0.07 0.35 1, 73 .55 .96
Irritabilityb �0.17 0.65 [�1.46, 1.12] �0.03 0.07 1, 73 .79 .96
Left lPFCb 0.30 0.64 [�0.99, 1.58] 0.06 0.21 1, 70 .65 1.07
Right lPFCb 0.03 0.57 [�1.11, 1.16] 0.01 0.002 1, 70 .97 .97
GSR reactivityb 0.01 0.002 [0.002, 0.01] 0.36 9.61 1, 66 .003** .08
GSR recoveryb �0.01 0.002 [�0.01, , .001] �0.24 3.92 1, 66 .05* .20

Note. CI = confidence interval; B = unstandardized coefficient; b = standardized coefficient; pAdjusted = corrected p values; lPFC = lateral prefrontal cor-
tex; GSR = galvanic skin response. Outcome variables were regressed on each predictor variable separately, totaling 28 linear regression models. Results
exclude three univariate and multivariate outliers.
a Denotes predictor variables. b Denotes outcome variables.
* p , .05. ** p , .01.
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could effectively down-regulate their stress response, as measured
by GSR, to the frustration-inducing stimuli. The present study also
highlights the need for future work on emotion suppression to
implement a multimodel design to assess in-the-moment, naturally
occurring suppression and its active regulatory mechanisms, as
these may be different than when participants are instructed to
suppress.

Strengths, Limitations, and Future Directions

This study is, to our knowledge, the first to examine incongruent
affect in early childhood using a multimodel design that included
neural and physiological changes in addition to parent-reported
questionnaires. Other strengths of the study include a robust sam-
ple for a pediatric neuroimaging study and the use of a rigorous
anatomically based facial coding system. The present study also
highlights important considerations and next steps for future work
to examine the neural and physiological correlates of incongruent
expressions in young children across different paradigms and
social contexts. Mixed results between the current findings and
past work on incongruent expressions suggest that social context
(e.g., mildly interpersonal vs. highly interpersonal) might moder-
ate incongruent affect. However, the current study did not have an
explicit social context manipulation as part of the protocol. Future
studies employing a similar multimodal approach within varying
interpersonal scenarios will further elucidate how social context
relates to incongruent affect and its underlying mechanisms.
Similarly, neutral expressions, operationalized as emotional

suppression, predicted good self-regulation skills. However, chil-
dren were not prompted to hide emotions and we cannot differenti-
ate whether neutral expressions reflected suppressed affect versus
an absence of strong affect. Although neutral expressions were
associated with greater GSR reactivity, strongly implying that chil-
dren were experiencing frustration-related stress. Nonetheless, the
present study sets the stage for future researchers to empirically
examine instructed versus naturalistic neutral expressions to
understand whether differing regulatory mechanisms drive them
during emotional challenges.
Despite the strengths of the present study, it is important to note

that it may have been underpowered to detect more subtle effects.
Thus, replicating results with an independent and larger sample is
an important next step. However, it is also worth noting that
recruiting a large sample size of severely irritable preschoolers to
participate in a neuroimaging study is extremely difficult, with
most published studies having a sample size of under 100 pre-
school-aged children (Camacho et al., 2021; Deveney et al., 2019;
Grabell et al., 2019; Li et al., 2017). By providing the corrected
and uncorrected findings, the present study sets a knowledge base
for future researchers to perform a similar design with more statis-
tical power.
Differences in findings across measures is another limitation

that calls for the replication of the present findings. For instance,
complete incongruent smiling predicted poor self-regulation, but
this was only true for parental reports of effortful control. Other
metrics of ER (e.g., changes in physiology and neural activation)
did not significantly predict the same pattern. The discrepancy in
results across these three indexes of ER is possibly due to under-
power, as the neural and GSR variables had marginal results in the
same direction as Effortful Control with medium effect sizes,

except for activation on the Left lPFC. It is also worth noting that
Effortful Control may have been capturing longstanding patterns
across contexts, whereas neural and physiological metrics captured
a short, one-time reaction to an emotional challenge and associa-
tions between different facial expressions and regulation may be
more robust at different levels of analysis.

On average, children’s frequency and pattern of negative facial
expressions during the ICK task was consistent with the goal of
the task to induce mild to moderate frustration. Nonetheless, it is
worth noting that, as with all emotion-inducing experiments, there
is no ground truth to unequivocally know the internal emotional
states of human research participants (Barrett, 2015). Thus, chil-
dren likely varied in the valence and intensity of their emotional
experiences playing the game. It is also likely that there was a
wide range of individual differences in the types of emotions chil-
dren experienced while playing the game.

Although the ICK task was designed to elicit mild to moderate
frustration, receiving negative feedback in front of a stranger (e.g.,
the experimenter) may have induced embarrassment in some chil-
dren. Embarrassment is often evoked by the publicity of one’s be-
havioral shortcomings (e.g., failing at a task while a stranger
watches; Keltner, 1996; Miller, 1996; M€uller-Pinzler et al., 2015),
and is typically displayed by smiling and averting the head and
gaze (Keltner, 1995; Keltner & Buswell, 1997; Nikoli�c et al.,
2016). However, studies on embarrassment typically use more
highly social paradigms, such as competing against other humans
or performing in front of a crowd (M€uller-Pinzler et al., 2015;
Nikoli�c et al., 2016). In the ICK task, children were looking at a
monitor away from the experimenter, who was sitting next to and
behind them. Thus, the task was not designed to capture children
shifting their heads and gaze away from the person evaluating
them. Furthermore, studies have shown that embarrassment-
related smiles tend to predict lower levels of psychopathology
(Nikoli�c et al., 2016), whereas incongruent smiles in the present
study predicted the contrary (e.g., poor effortful control), suggest-
ing the smiling captured in this study was unrelated to embarrass-
ment. Subsequent studies that use different emotion-eliciting
stimuli are crucial to building a more robust empirical literature on
the mechanisms underlying early affective expressions.
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Exploring Whether Predictor Variables Uniquely Predict Outcome Variables
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Table A1
Results of Simultaneous Linear Regression Models

Model B SE
95% CI

b F df p[LL, UL]

Effortful controla

Complete incongruent smiling �0.02 0.03 [�0.07, 0.03] �0.12 1.60 4, 68 .44
Partial incongruent smiling 0.003 0.04 [�0.08, 0.08] 0.01 1.60 4, 68 .94
Negative expressions �0.06 0.13 [�0.32, 0.20] �0.06 1.60 4, 68 .64
Neutral expressions 0.04 0.03 [�0.02, 0.09] 0.20 1.60 4, 68 .19

Externalizinga

Complete incongruent smiling 0.98 0.50 [�0.02, 1.98] 0.06 1.10 4, 69 .06
Partial incongruent smiling �0.78 0.80 [�2.35, 0.83] 0.35 1.10 4, 69 .35
Negative expressions 2.36 2.57 [�2.76, 7.48] 0.36 1.10 4, 69 .36
Neutral expressions 0.32 0.53 [�0.75, 1.38] 0.56 1.10 4, 69 .56

Irritabilitya

Complete incongruent smiling 1.30 0.81 [�0.31, 2.92] 0.26 0.70 4, 69 .11
Partial incongruent smiling �1.00 1.28 [�3.56, 1.56] �0.11 0.70 4, 69 .44
Negative expressions 1.47 4.14 [�6.79, 9.73] 0.05 0.70 4, 69 .72
Neutral expressions 0.52 0.86 [�1.20, 2.23] 0.09 0.70 4, 69 .55

Left lPFCa

Complete incongruent smiling �0.44 0.81 [�2.05, 1.17] �0.09 1.20 4, 66 .59
Partial incongruent smiling 2.24 1.26 [�0.28, 4.75] 0.25 1.20 4, 66 .08
Negative expressions 1.26 4.05 [�6.82, 9.34] 0.04 1.20 4, 66 .76
Neutral expressions 0.39 0.84 [�1.28, 2.06] 0.07 1.20 4, 66 .64

Right lPFCa

Complete incongruent smiling �1.31 0.70 [�2.72, 0.09] �0.30 1.46 4, 66 .07
Partial incongruent smiling 1.01 1.10 [�1.19, 3.21] 0.13 1.46 4, 66 .36
Negative expressions 2.88 3.54 [�4.19, 9.95] 0.11 1.46 4, 66 .42
Neutral expressions �0.65 0.73 [�2.12, 0.81] �0.14 1.46 4, 66 .38

GSR reactivitya

Complete incongruent smiling ,0.001 0.002 [�0.01, 0.01] 0.02 2.24 4, 62 .90
Partial incongruent smiling �0.002 0.004 [�0.01, 0.01] �0.07 2.24 4, 62 .63
Negative expressions �0.002 0.01 [�0.03, 0.02] �0.02 2.24 4, 62 .89
Neutral expressions 0.01 0.003 [, 0.001, .01] 0.34 2.24 4, 62 .03**

GSR recoverya

Complete incongruent smiling 0.002 0.003 [�0.004, 0.01] 0.13 1.51 4, 62 .44
Partial incongruent smiling �0.01 0.01 [�0.02, 0.004] �0.19 1.51 4, 62 .21
Negative expressions 0.01 0.02 [�0.03, 0.04] 0.05 1.51 4, 62 .74
Neutral expressions �0.01 0.003 [�0.01, 0.002] �0.22 1.51 4, 62 .17

Note. CI = confidence interval; B = unstandardized coefficient; b = standardized coefficient; lPFC = lateral prefrontal cortex; GSR = galvanic skin
response. Results exclude three univariate and multivariate outliers.
a Denotes outcome variables
** p , .01.
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