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Abstract

The replicability of emotion-related physiological changes constitutes a fundamental issue in affective science. We
undertook a direct replication of the physiological differentiation of amusement, disgust, and a mixed emotional state
as previously reported (Kreibig, Samson, & Gross, 2013). In the current study, 48 women watched 54 amusing,
disgusting, and mixed emotional film clips while cardiovascular, electrodermal, and respiratory measures were
obtained. Primary analyses indicated physiological differentiation of the mixed emotional state from amusement and
disgust. We evaluated (a) the probability that future replications of the current study would yield similar results using
bootstrapped confidence intervals of effect sizes, and (b) the stability of results of physiological reactivity between
actual replications using correlation and regression analyses. Findings suggest replicable differentiation of amusement,

disgust, and a mixed emotional state.

Descriptors: Direct replication, Mixed emotional states, Amusement, Disgust, Replicability, Cardiovascular, Electrodermal,

Respiratory

One of the most difficult questions in statistical inference concerns
how a statistic, calculated from a random sample of units, varies
from sample to sample.

(Wasserman & Bockenholt, 1989, p. 208)

It is widely agreed that emotions are multicomponential
responses that consist of coordinated changes in subjective feeling,
motor expression, and physiology (Mauss, Levenson, McCater,
Wilhelm, & Gross, 2005). But just how to conceptualize mixed
emotional states remains an open question. Subjectively, mixed
emotional states are characterized by the co-occurrence of two or
more differing emotional feelings (Larsen & McGraw, 2011). How
mixed emotional states are characterized in terms of the physiologi-
cal response remains unclear.

We recently reported on a study that tested different theoretical
accounts of mixed emotions (Kreibig, Samson, & Gross, 2013): A
first account is based on the valence—arousal model (Russell,
1980), which, among other things, posits that positive and negative
feelings are mutually exclusive, just like feelings of hot and cold
(Schimmack, 2001). The small percentage of concurrent reports of
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positive and negative feelings is ascribed to measurement error.
This nondifferentiation account predicts that responses associated
with reported mixed emotional feelings do not differ from those of
one of the pure constituent emotions. A second account is based on
the appraisal tendency framework (Lerner & Keltner, 2000), which
holds that appraisal tendencies from prior emotions influence sub-
sequent appraisals, with incompatible appraisal tendencies cancel-
ling each other out and compatible ones enhancing each other (cf.
Pe & Kuppens, 2012). This additive account predicts intensity dif-
ferences of the mixed emotional state from one of its pure constitu-
ent emotions. A third account is based on the component process
model of emotion (Scherer, 1984), which views mixed emotions as
combining appraisal outcomes typical for several different pure
emotions to form an emotion that is qualitatively different from its
pure constituent emotions. This emergence account predicts pattern
differences of the mixed emotional state from both of its pure con-
stituent emotions.

Based on an experiment in which 43 women watched film clips
that elicited amusement, disgust, and an amusing—disgusting mixed
emotional state, our previous study (Kreibig et al., 2013) was the
first to report (a) univariate physiological differentiation of an
amusing—disgusting mixed emotional state from its pure constituent
emotions, and (b) intensity and pattern differences of the physio-
logical response profile of the mixed emotional state from those of
pure amusement and pure disgust. These findings suggest a distinct
physiological response of the mixed emotional state, which is con-
sistent with the emergence account of mixed emotions and incon-
sistent with both the nondifferentiation and additive accounts.
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Given their novelty and broad implications for emotion theory,
these findings require replication. Direct replication involves repe-
tition of an experimental procedure, whereas conceptual replication
involves repetition of a test of a hypothesis with different methods
(Schmidt, 2009). Because conceptual replication introduces varia-
tion of methods, failure to replicate is ambiguous with respect to
whether the effect does not replicate or not generalize. We there-
fore focus here on direct replication to determine to what degree
the psychophysiological differentiation of amusing, disgusting, and
a mixed emotional state is replicable.

Because conventional statistical significance tests do not evalu-
ate result replicability (Cumming, 2008; Cumming & Maillardet,
2006), it is useful to employ internal and external replicability anal-
ysis. Internal replicability addresses the probability that future rep-
lications of the current study would yield similar results. The
bootstrap approach (Efron, 1979; Wasserman & Bockholt, 1989)
represents a particularly powerful internal replication method: It
generates a very large number of additional samples from the cur-
rent sample and recalculates relevant parameters, for example,
effect sizes, for each sample, based on which confidence intervals
(ClIs) are constructed to express the precision and uncertainty asso-
ciated with such point estimates.

External replicability analysis uses an independent sample to
determine whether actual replications yielded similar results
(Thompson, 1996, 2006). External replications have traditionally
been confined to presenting mirroring results from previous studies,
with statistical significance of the effect of interest as the criterion
for success (Cumming, 2014) and nonsignificant Experiment X
Manipulation interactions to suggest no difference in response to
the manipulation between experiments. However, not only can a
null hypothesis of “no experimental differences” not be proven, but
rejection of the null hypothesis also strongly depends on sample
size (i.e., power)—interaction tests even more so than main effect
tests (Wahlsten, 1991). Correlation and regression analyses of
effect sizes, in contrast, quantify similarity of research results based
on independent replication samples and thus allow statements
about the degree of replicability of results between studies (Stemm-
ler, Aue, & Wacker, 2007).

The current study examined internal and external replicability
of the physiological differentiation of amusing, disgusting, and a
mixed emotional state based on data from a direct replication and
our previous study (Kreibig et al., 2013). As in our previous study,
we elicited amusement, disgust, and a mixed emotional state by
presenting film clips while assessing cardiovascular, electrodermal,
and respiratory measures. While core features of the current study
remained the same (laboratory, experimenter, emotional stimuli,
physiological measures), it differed from our previous study in
terms of data collection at a later time with different participants
and within the larger context of a reappraisal task, allowing us to
gauge the robustness of our initial findings in the face of these
variations.

The aim of the current study was to evaluate result replicability,
for which we employed a three-step process: We first calculated
the same hypothesis tests as in our previous study (Kreibig et al.,
2013) on the current data set to test competing predictions derived
from nondifferentiation, additive, and emergence accounts of the
psychophysiology of mixed emotions. Outcomes of these analyses
not only describe the structure of results in this new sample, but
also serve as input to internal and external replicability analyses.
Second, for analysis of internal replicability, we constructed boot-
strapped confidence intervals of effect sizes based on the current
sample. This allowed us to evaluate the probability that future rep-
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lications would yield similar results. Third, for analysis of external
replicability, we computed correlation and regression analyses of
effect sizes of physiological reactivity between the current and pre-
vious study. This allowed us to evaluate whether actual replications
yielded similar results.

Method
Participants

Fifty-five women participated in a 120-min experiment for course
credit or pay ($25). Seven participants were excluded (one termi-
nated the study early, one was pregnant, two were noncompliant,
three had computer problems). Of the remaining 48 participants
(mean age 20.7 years, SD =3.7), three were African American,
five Asian American, 13 Caucasian, four Hispanic, 10 multiracial,
and eight declined to state. Demographic data from five partici-
pants were missing because of experimenter error. The experiment
was approved by the Institutional Review Board of Stanford
University.

Materials

Stimuli were 54 amateur video clips, each 20-30 s long, that pre-
sented humorous lapses to induce pure amusement, painful acci-
dents to induce pure disgust, and ambiguous bloopers to induce
mixed amusement and disgust (18 film clips for each category).
Only responses to the six film clips of each film category that were
randomly paired with the natural-attend instructions for each sub-
ject are considered here (see Procedure for details). Stimuli had
previously been validated (Kreibig et al., 2013; Samson, Kreibig,
Soderstrom, Wade, & Gross, in press; see Table 1 for results of
subjective feelings and facial expressions by film type in the cur-
rent sample).

Apparatus

Stimuli were presented with a personal computer using Presenta-
tion software (Neurobehavioral Systems Inc., Albany, CA). They
were displayed on a 19-inch computer monitor at a viewing dis-
tance of 55 cm under low ambient light. Responses were entered
via keyboard. Participant compliance was monitored through a hid-
den camera. Physiological data were recorded and amplified with a
multichannel BioNex 8-slot chassis (Mindware Technologies, Gra-
hanna, OH) equipped with an impedance cardiograph and skin con-
ductance amplifier (Model 50-371100-00), a 4-channel
biopotential amplifier (Model 50-371102-00), a 4-channel trans-
ducer amplifier (Model 50-371106-00), and a 4-channel high-level
interface module (Model 50-371103-00). Data were sampled at
1000 Hz, 16-bit digitized, and transmitted to a computer for view-
ing and storage using BioLab 2.4 (Mindware).

Procedure

Data collection took place individually. After obtaining informed
consent, participants were seated in front of a computer screen and
physiological sensors attached. Participants performed a verbal flu-
ency task (not reported here). They then read definitions of the rat-
ing scales and instructions for the reappraisal task that was to be
performed during the film viewing. They practiced the task with
two example film clips for each film and reappraisal category prior
to the film viewing. Next, participants completed a respiratory vol-
ume calibration using fixed volume bags (Morel, Forster, & Suter,
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Table 1. Subjective Feelings and Facial Expressions by Film Type in the Current Sample

Effect sizes

Post hoc HSD tests

rm ANOVA

Mixed films Disgusting films

Amusing films
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A vs. D

n
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0.71

145.01 ok

1.21
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1.73
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2.76
2.94

1.59
1.56
1.02
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1.49

1.51
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1.08
1.62

4.30
1.48
1.38
4.77
3.19
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Disgust

—1.64
043

0.838

sksksk
stk
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169.98

2.53
1.81
3.97
2.87

ks
sk
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14.92
177.79

Mixed feelings

Valence
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Facial expressions (%)

1.81

1.31
—0.08
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0.17

EE TS

sk

0.136

2.15

Replicability

—1.06
0.20

—1.01

—1.63
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k% 0.58 Hkk

84.89

64.8

154.2
106.1

42.9
4

38.8 117.2
110.2

96.8
179.3

1.12

1.17

0.582

59.78

35.0

1.2
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Note. Electromyographic activity was quantified as percent change from the immediately preceding baseline. rm ANOVA = repeated measures analysis of variance; post hoc HSD tests = Tukey honestly sig-

nificant difference post hoc tests; d

#p < 05, #¥Ep < 001,

Cohen’s d effect size; CS = corrugator supercilii; ZM = zygomaticus major.
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1983). The experimenter then left the room, and participants started
the film viewing. Film clips of each film category were randomly
partitioned into three thirds and paired with instructions to either
focus on the positive elements of the clip, focus on its negative ele-
ments, or attend naturally to it (only natural-attend conditions are
considered here). Film clip—instruction pairs were presented in ran-
dom sequences under the condition that there be no more than two
repetitions of the same film and regulation type. Before each film,
a 4-s slide instructed participants to “focus on the funny, amusing,
or positive elements of the clip,” “focus on the repulsive, painful,
or negative elements of the clip,” or “attend naturally” to it, after
which participants started the film clip with a button press. Each
film clip—instruction pair was preceded by a 20-30 s rest period
(varying independently of subsequent film clip length), during
which participants were instructed to sit quietly, clear their mind,
and avoid moving or speaking. Participants rated their current emo-
tional feelings immediately after each film clip. Upon completing
the film viewing, participants performed a second respiratory vol-
ume calibration and a paced breathing task for vagal assessment at
8, 10.5, 13, and 18 cycles per minute (Ritz, Thons, & Dahme,
2001). Participants then were unhooked from physiological record-
ing equipment, completed demographic and personality question-
naires (not reported here), and were debriefed. Procedures were
identical to our previous study (Kreibig et al., 2013) except for the
addition of the verbal fluency and reappraisal tasks.

Measures

Subjective feelings. After each film clip, participants rated on a
6-point Likert scale their current feelings regarding amusement,
disgust, valence, arousal, compassion, and pain, as well as effec-
tiveness and difficulty of following instructions (the last four items
are not considered here). Scale definitions were identical to our
previous study (Kreibig et al., 2013).

Facial expressions. Surface electromyography (EMG, in pV)
over zygomaticus major and corrugator supercilii on the left side of
the face was recorded with 4-mm miniature Beckman Ag/AgCl
electrode pairs filled with Teca electrode gel (Oxford Instruments,
Hawthorne, NY). Skin sites were cleaned and abraded to achieve
interelectrode impedance of less than 10 kW. Signal conditioning
included 500 Hz antialiasing hardware, 60 Hz notch, and 20-500
Hz digital band-pass filters, rectification, and smoothing using a
10-ms running average.

Physiology. The identical array of 15 physiological measures
reported in our previous study (Kreibig et al., 2013) was obtained
according to the same procedures.

The electrocardiogram (ECG) was recorded using Ag/AgCl
spot electrodes (TraceRite LT430S, Forth-Rite Technologies, Aus-
tin, TX) positioned in a three-lead unipolar modified chest configu-
ration. The signal was amplified and band-pass filtered at 1040
Hz. Heart rate (HR, in beats per minute) was calculated from inter-
beat intervals between automatically detected R spikes (Kreibig
et al., 2013). Respiratory sinus arrhythmia (uncorrected RSA,, in
ms) was scored using the peak—valley method (Eckberg, 1983).
RSA was corrected for within-individual effects of respiration rate
and tidal volume (RSA,, in ms/l) based on measurements from the
paced-breathing task (Schulz, Ayala, Dahme, & Ritz, 2009).

Impedance cardiography (ICG) was recorded using a four-spot
electrode configuration over neck and thorax with Ag/AgCl elec-
trodes (TraceRite LT430S). The ICG was ensemble-averaged over
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20-30 s task intervals in synchrony with the ECG R wave. Charac-
teristic points were identified to calculate pre-ejection period (PEP,
in ms), defined as the interval from the ECG R peak onset to the
ICG B point (Lozano et al., 2007); left ventricular ejection time
(LVET, in ms), defined as the interval from B to X point in the
ICG; and stroke volume (SV, in ml) according to the Bernstein
formula.

Mean arterial blood pressure (MAP, in mm of mercury) was
calculated beat to beat from the continuous arterial pressure wave-
form (Finapres 2300, Ohmeda, Madison, WI) recorded at the first
finger of the nondominant hand. Total peripheral resistance (TPR,
in dyne - s - cm ) was calculated as MAP divided by cardiac out-
put, which was calculated as the product of ICG-derived SV and
HR.

Blood volume waveform was measured with an infrared pulse
plethysmograph (1020 FC, UFI, Morro Bay, CA) clipped to the
thumb of the nondominant hand. Pulse volume amplitude (PVA, in
volts) was scored as the difference between the peak (maximal
value) and foot (25% of maximal slope) of the pulse waveform.

A thermistor (409B YSI, Yellow Springs, OH) attached at the
distal phalange of the nondominant hand’s fifth finger measured
surface finger temperature (FT, in degrees Fahrenheit).

Skin conductance was recorded from two 1 cm-diameter Ag/
AgCl electrodes (EL507, Biopac, Goleta, CA) attached to the pal-
mar surface of the middle phalanges of the second and third fingers
of the nondominant hand. Data were low-pass filtered and down-
sampled to 10 Hz to calculate skin conductance level (SCL, in
pSiemens).

Respiration was measured using piezoelectric respiration trans-
ducers (model 1310, Ambu Sleepmate, Glen Burnie, MD) attached
around the upper chest for thoracic respiration and at the height of
the umbilicus for abdominal respiration. Raw signals were con-
verted to calibrated lung volume change using data from the fixed
volume bag calibration (Morel et al., 1983). Respiratory rate (RR,
in cycles per minute) and tidal volume (Vj, in ml) were calculated
breath by breath. Duty cycle (T;/Ty,) was calculated as the ratio of
inspiratory to total breath time and inspiratory flow rate (V;/T;, in
ml/s) as the ratio of V; to inspiratory time.

Data Reduction

For each subject and each film clip, we quantified mixed feelings
as I[MF] = minimum(I[AMU], I[DIS]), with I[MF] being the inten-
sity of mixed feelings, /[AMU] the intensity of experienced amuse-
ment, and [[DIS] the intensity of experienced disgust.
Physiological data were processed in biosignal analysis software to
derive period averages for each rest and film period. Reactivity
was calculated between the average of each film period and the
immediately preceding rest period (percent change for facial
expressions; delta scores for physiological measures).

Data Analysis

Primary analyses calculated the same hypothesis tests as in our pre-
vious study (Kreibig et al., 2013) on the current data set and gener-
ated the input data for replication analyses that focused on effect
sizes. Internal replicability analysis examined result stability by
computing bootstrapped confidence intervals on the current study’s
effect sizes of physiological reactivity. External replicability analy-
sis examined result stability by computing correlation and regres-
sion analyses on the current and previous study’s effect sizes of
physiological reactivity.

S.D. Kreibig, A.C. Samson, and J.J. Gross

Primary analyses. Primary analyses tested reactivity scores for
(a) significant deviation from baseline using two-sided ¢ tests; (b)
between-film effects using repeated measures analysis of variance
(ANOVA) with Greenhouse-Geisser correction and eta-squared
effect sizes (1), which, if significant, were followed up with pair-
wise Tukey HSD post hoc tests and Cohen’s d effect sizes for
mean differences; and (c) whether univariate physiological differ-
ences between conditions represented differences in profile eleva-
tion (intensity) or profile nonparallelism (pattern) using
multivariate analyses of variance (MANOVAs). The condition
effect tests whether profile levels (i.e., intensity) are equal between
conditions, whereas the Condition X Variable effect tests whether
profiles are parallel (i.e., will be significant if differences in pat-
tern—profile scatter and shape—exist; cf. Tabachnick & Fidell,
2007). For MANOVA, physiological reactivity scores were C-
transformed (M = 100, SD = 10) using within-subject standardiza-
tion and reverse scored such that higher scores relate to higher
physiological activation. Separate MANOVAs were calculated for
contrasting amusing versus disgusting, mixed versus amusing, and
mixed versus disgusting films on physiological variables that (a)
had a significant univariate omnibus effect in the current study, or
(b) in the previous study (Kreibig et al., 2013), or (c) were signifi-
cant in both the current and previous study.

Internal replicability analysis. Stability of results from the cur-
rent study was tested based on CIs of effect sizes derived from non-
parametric bootstrap analysis (Efron, 1979; Wasserman &
Bockenholt, 1989). For constructing bootstrap samples, subjects
were used as units for resampling with replacement given the
within-subject design of the current study. One thousand samples
of the original sample size (N = 48) were created. For each boot-
strap sample, the series of primary analyses was computed and
resulting effect sizes were saved. Bootstrap distributions were gen-
erated by compiling respective effect sizes across bootstrap sam-
ples, from which CIs were constructed (95% adjusted bootstrap
percentile [BCa] intervals for ¢ and Cohen’s d; 90% for 112). Con-
ventional definitions of small effect sizes (Cohen, 1988, 1992) and
relative likelihood of values (Cumming, 2014) were used as lower
bounds for evaluating replicability of similar-sized effects in future
studies.

External replicability analysis. To identify individual physiolog-
ical variables that replicated with small to large effect sizes, we
inspected scatter plots of effect sizes d of physiological variables
for emotional reactivity from baseline (A usements AMixedEmotionss
Apisgust) and for specific emotional responses (Aamusement VS-
ADisgusta AMixedEmoli(ms VS. AAmusementa AMixedEmutions VS. ADisgust)
between the current and previous study (cf. Stemmler et al., 2007).
To quantify replicability of multivariate physiological response
profiles and compare magnitude of effect sizes between studies, we
calculated correlation and regression analyses over the set of 15
physiological variables on effect sizes d for baseline and specific-
emotion contrasts.

To control for familywise inflation of Type I error rate, « level
was set to .01 for all tests.

Results

Primary Analyses

Univariate effects of physiological reactivity. Tests of signifi-
cant deviation from baseline of physiological reactivity for
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amusing, mixed, and disgusting film conditions are summarized in
Table 2 (left) and illustrated in Figure 1. Amusing film clips led to
decreased HR, RSA,, FT, SCL, and V; and increased RSA., TPR,
PVA, and RR; mixed film clips led to decreased HR, RSA,., MAP,
FT, and V; and increased RSA,, SV, and RR; and disgusting film
clips led to decreased HR, MAP, FT, V;, and Vi/T; and increased
RSA., SV, and RR.

ANOVAs on physiological reactivity among amusing, mixed,
and disgusting film conditions (Table 2, right) identified effects on
eight (out of 15) variables: RSA,., RSA., SV, MAP, TPR, SCL,
V;, and V{/T; (HR, p =.023). Mean differences between amusing
and disgusting film conditions were present on RSA., MAP, SCL,
V;, and Vi/T; (HR, RSA,., and TPR, p =.020, .048, .011, respec-
tively); between mixed and amusing film conditions on SCL (SV
and V;, p =.016 and .040, respectively); and between mixed and
disgusting film conditions on RSA,. (RSA., p = .023).

Multivariate effects of physiological reactivity. Profile analysis
on physiological variables that had a significant univariate omnibus
effect in the current study showed condition effects for contrasts of
mixed versus amusing film clips and mixed versus disgusting film
clips. Condition X Variable effects were present for all three con-
trasts (Table 3 top and Figure 2a). This indicates that physiological
profiles in response to mixed film clips differed from those of
amusing and disgusting film clips in profile elevation (intensity);
physiological profiles in response to all three film conditions dif-
fered from each other in profile parallelism (pattern).

Profile analyses on physiological variables that had a significant
univariate omnibus effect in the previous study (Kreibig et al.,
2013) and on those that were significant in both the current and
previous study showed significant condition effects for amusing
versus disgusting and mixed versus amusing film clips. We again
found significant Condition X Variable effects for all three con-
trasts (Table 3 middle and bottom and Figure 2b and c). These
results indicate that physiological profiles in response to amusing
film clips differed from those of mixed and disgusting film clips in
profile elevation (intensity) and that all three film conditions dif-
fered from each other in profile parallelism (pattern).

Internal Replicability Analysis

Univariate effects of physiological reactivity. For tests of sig-
nificant physiological deviation from baseline, Figure 3 illustrates
that 95% ClIs of Cohen’s d for amusement spanned medium-to-
large effects for HR, FT, and SCL, small-to-large effects for TPR
and RR, and small-to-medium effects for RSA, and V;; Cls for
mixed emotions spanned medium-to-large effects for HR, FT, RR,
and V; and small-to-medium effects for RSA,. and SV; and CIs for
disgust spanned medium-to-large effects for HR, RSA,, FT, RR,
and V;, small-to-large effects for MAP, and small-to-medium
effects for V,;/T;.

Figure 4a shows 90% Cls of effect sizes (%) from ANOVAs on
physiological reactivity among amusing, mixed, and disgusting
film conditions. Results indicated that the CI for SCL covered large
effects (explaining potentially 32-69% of variance); for RSA,
medium-to-large effects (9—56%); and for HR, RSA,., SV, MAP,
TPR, V;, and V;/T; small-to-large effects (1-42%).

For follow-up tests of pairwise mean differences between
amusement and disgust, 95% ClIs of Cohen’s d enclosed medium-
to-large effects for SCL and small-to-medium effects for RSA,,
MAP, TPR, V;, and V;/T;; between mixed emotions and amuse-
ment, Cls enclosed medium-to-large effects for SCL and small-to-
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medium effects for SV; and between mixed emotions and disgust,
CIs enclosed small-to-medium effects for RSA,. and RSA, (Figure
4b).

Multivariate effects of physiological reactivity. To evaluate
replicability of multivariate effects, 90% Cls of effect sizes (i7°)
from MANOVAs for main and interaction effects were analyzed
(Table 3). Condition effects were less stable across variable sets,
with CIs covering small-to-large effects for amusement versus dis-
gust (potentially explaining 0-54% of variance in level of physio-
logical response profiles), large effects for mixed versus amusing
(14-49%), and small-to-medium effects for mixed emotion versus
disgust (0-29%). Condition X Variable effects were more consist-
ent across variable sets: Cls covered large effects throughout,
potentially explaining 44-78% of variance in patterning of physio-
logical response profiles for amusement versus disgust; 32-64%
for mixed emotions versus amusement; and 17-54% for mixed
emotion versus disgust. Observed effect sizes generally fell onto
the lower half of a bell-shaped bootstrap distribution, suggesting
that results did not capitalize on outliers.

External Replicability Analysis

Univariate effects of physiological reactivity. Inspection of
scatter plots of effect sizes d of physiological variables for baseline
contrasts (Figure 5a—c) identified HR, SCL (large effect sizes),
TPR, FT, RR (medium effect sizes), RSA,., PVA, V;, and T;/T\
(small effect sizes) for amusing film clips; HR, FT, RR (large
effect sizes), V; (medium effect size), RSA,, and SV (small effect
sizes) for mixed film clips; and HR, FT, RR, V; (large effect sizes),
SV, and MAP (small effect sizes) as replicating between studies.
For specific-emotion contrasts, Figure 5d—f indicated SCL (large
effect size), HR, SV, MAP, TPR, RR, V;, T/Tyy, and V;/T; (small
effect sizes) for amusing versus disgusting film clips; SCL
(large effect size), SV, MAP, TPR, PVA, RR, T/T\y, and V/T;
(small effect sizes) for mixed versus amusing film clips; and HR,
RSA,., TPR, SCL, and V{/T; (small effect sizes) for mixed versus
disgusting film clips as replicating between studies.

Multivariate effects of physiological reactivity. To test similar-
ity of results of multivariate physiological emotion profiles
between the current and previous study (Kreibig et al., 2013), we
calculated correlations on effect sizes d over the set of 15 physio-
logical variables between the two studies. For replication of emo-
tional reactivity from baseline, Figure 5a—c shows a tight scatter
for physiological responses to amusing film clips, 7(13) = .88, CL:
.68-.96, p <.001, R>= .77; to mixed film clips, 7(13) = .87, CL:
.65-.96, p<.001, R>= 76; and to disgusting film clips,
r(13) = .81, CI: .52-94, p < .001, R* = .66. Regressions of the cur-
rent (C) on the previous (P) study indicated that effect sizes were
of similar magnitude between studies: for amusing film clips,
b=1.00 (SE =0.15), #(13) = 6.80, p <.001; for mixed film clips,
b=0.86 (SE=0.13), #(13)=6.48, p<.001; and for disgusting
film clips, b = 0.79 (SE = 0.16), 1(13) = 5.07, p < .001.

For replication of specific emotional responses, Figure 5d—f
shows a moderately tight scatter for physiological responses to
amusing versus disgusting film clips, r(13) =.69, CIL: .27-.89,
p<.0l, R = .48; to mixed versus amusing film clips, 7(13) = .77,
CL: .42-92, p<.001, R*=.59; and to mixed versus disgusting
film clips, r(13) = .53, CL: .02-82, p < .05, R>= 28. Regression
analysis indicated that effect sizes were smaller in the current than
in the previous study: for amusing versus disgusting films, b = 0.48
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Figure 1. Condition means of amusing, mixed, and disgusting film clips for cardiovascular, electrodermal, and respiratory variables. Illustrated values
depict change in physiological activation during film clips from prefilm baselines. Error bars indicate = 1 standard error of the mean (SE). HR = heart
rate; RSA,. = uncorrected respiratory sinus arrhythmia; RSA, = breathing-corrected RSA; PEP = pre-ejection period; LVET = left ventricular ejection
time; SV = stroke volume; MAP = mean arterial pressure; TPR = total peripheral resistance; PVA = pulse volume amplitude; FT = finger temperature;

SCL = skin conductance level; RR = respiration rate; V; = inspiratory volume; T;/T,, = duty cycle; V;/T; = inspiratory flow rate.



Table 3. Profile Analysis of Physiological Responses Between Film Conditions
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Condition x Variable

Condition

CI
0.613-0.784
0.439-0.639
0.244-0.542

E(7,41)

16.64

CI
0.000-0.100
0.139-0.431
0.032-0.286

F(1,47)

0.93
19.76
8.01

(a) Condition

0.740
0.588

3.61E-10
2.54E-06
3.38E-04

skkk
seskosk
seksk

0.26
0.41
0.

0.019

0.98 0.34
0.

Amusing vs. disgusting
Mixed vs. amusing

8.37
5.06

5.33E-05 0.296

6.84E-03

sk
Hkk

70

0.463

54

0.146

0.85

Mixed vs. disgusting

Condition x Variable

Condition

CI
0.441-0.665
0.406-0.587
0.166-0.423

F(10,38)

6.29
4.82
2.46

CI
0.210-0.541

F(1,47)

(b) Condition

0.623

1.32E-05
1.77E-04

0.022

sk

0.38
0.44

0.61

0.399
0.322
0.037

1.13E-06
2.10E-05

0.18

sk
skskosk

31.22
22.35

0.60
0.68

0.

Amusing vs. disgusting
Mixed vs. amusing

0.559

sk

0.135-0.486
0.001-0.185

0.393

1.81

96

Mixed vs. disgusting

Condition x Variable

Condition

CI
0.462-0.699
0.323-0.611
0.177-0.501

F(6,42)

CI
0.092-0.402
0.143-0.450
0.000-0.048

F(1,47)

(c) Condition

0.625

1.20E-07
3.56E-06

0.002

sskosk
seksk
sk

11.65

0.38
0.

0.253

2.34E-04
3.86E-05

0.60

ks
sk

15.88
20.64
0.28

0.75
0.69
0.99

Amusing vs. disgusting
Mixed vs. amusing

0.554

8.71
4.30

45

0.305
0.006

0.380

0.62

Mixed vs. disgusting

Note. Results are based on multivariate analysis of variance using Wilks’ lambda (4). (a) Variables that had a significant univariate omnibus effect in the current study; (b) variables that had a significant

univariate omnibus effect in the previous study (Kreibig et al., 2013); and (c) set of seven variables that reproduced across the current study and previous study (Kreibig et al., 2013). 90% confidence inter-

vals (CIs) for effect sizes (%) were derived based on 1,000 bootstrap samples.

S.D. Kreibig, A.C. Samson, and J.J. Gross

(SE =0.14), 1(13) = 3.40, p < .01; for mixed versus amusing films,
b=0.53 (SE=0.12), #(13) = 4.30, p < .001; and for mixed versus
disgusting films, b = 0.39 (SE = 0.18), #(13) = 2.23, p < .05.

Discussion

The current study examined internal and external replicability of
the physiological differentiation of amusing, disgusting, and a
mixed emotional state based on data from a direct replication and
our previous study (Kreibig et al., 2013). Three levels of analysis
produced converging evidence for replicability: Primary analyses
produced similar findings to our previous study, demonstrating (a)
univariate differentiation of the mixed emotional state from its pure
constituent emotions on physiological response variables, and (b)
intensity and pattern differences of the multivariate physiological
response profile of the mixed emotional state from those of pure
amusement and pure disgust, supporting the emergence account of
mixed emotions; internal replicability analysis indicated (c) likely
replication of a considerable number of univariate effects in future
studies, and (d) strong likelihood of replication of the physiological
differentiation according to multivariate response profiles; and
external replicability analysis suggested (e) replicable univariate
differentiation according to a subset of individual physiological
variables, graded according to magnitude of effect size, and (f) rep-
licable multivariate physiological response profiles for baseline and
specific-emotion contrasts between studies. This study also gives
useful indications for selection of physiological measures that
allow replicable differentiation of amusement, disgust, and a mixed
emotional state. We discuss implications of core findings by emo-
tion in the following.

Replicability of the Psychophysiology of Amusement and
Disgust

Amusement. Consistent with our previous study (Kreibig et al.,
2013), amusement led to decreased cardiac activity, peripheral
vasoconstriction, decreased electrodermal activity, and faster and
shallower breathing; the current study additionally showed
increased vagal reactivity and PVA. Both internal and external rep-
licability analyses identified HR, TPR, FT, SCL, RR, and V; as
measures with replicable results, suggesting involvement of cardio-
vascular, electrodermal, and respiratory systems in amusement.

Results of external replicability analysis demonstrated excellent
stability of the multivariate physiological response profile of
amusement and commensurate magnitude of effect sizes between
studies. These results are considerably stronger than those that we
calculated based on a set of studies by Levenson and colleagues
(Levenson, Ekman, & Friesen, 1990; Levenson, Ekman, Heider, &
Friesen, 1992): r=.17, #5)=0.39, p=.71, for replication of
responses on seven physiological measures to amusement induction
in Minangkabau men and a mixed-sex American comparison sam-
ple. Our results are comparable to those from a study by Tsai, Lev-
enson, and Carstensen (2000) between experimental groups of
young and old European and Chinese Americans: mean r = .89,
#(3) = 3.47, p < .05, for replication of responses on five physiologi-
cal measures to amusing films.

Disgust. As in our previous study, disgust led to decreased cardiac
activity, vasoconstriction, and rapid and shallow breathing. While
the current study showed effects neither on PEP nor on SCL—two
primary sympathetic indicators—it additionally demonstrated vaso-
dilation and decreased central inspiratory drive. Both internal and
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Figure 2. Physiological response profiles for amusing, mixed, and disgusting film conditions based on (a) variables that had a significant univariate
omnibus effect in the current study, (b) variables that had a significant univariate omnibus effect in the previous study (Kreibig et al., 2013), and (c)
set of seven variables that reproduced across the current and previous study (Kreibig et al., 2013). Change scores were transformed onto a C scale
(M =100, SD = 10), and variables were reverse scored such that higher scores indicate higher physiological activation. Gray bands illustrate * 1 stand-
ard error of the mean (SE). FT = finger temperature; HR = heart rate; LVET = left ventricular ejection time; MAP = mean arterial pressure;
PEP = pre-ejection period; PVA = pulse volume amplitude; RR = respiration rate; RSA. = breathing-corrected RSA; RSA,. = uncorrected respiratory
sinus arrhythmia; SCL = skin conductance level; SV = stroke volume; T;/T,, = duty cycle; TPR = total peripheral resistance; V; = inspiratory volume;

V,/T; = inspiratory flow rate.

external replicability analyses identified HR, MAP, FT, RR, and V;
as measures with replicable results, suggesting involvement of car-
diovascular and respiratory systems in disgust.

Results of external replicability analysis showed excellent sta-
bility of the multivariate physiological response profile of disgust
and similar magnitude of effect sizes between studies. These results
are comparable to those of prior studies in the literature, for which
we calculated r=.61, #«5)=1.74, p=.14, for replication of
responses on seven physiological measures to disgust induction in
Minangkabau men and a mixed-sex American sample (Levenson
et al., 1990, 1992); r = .64, t(3) = 1.44, p = .24, for replication of
responses on five physiological measures to disgust films in under-
graduates from two West coast universities (Gross, 1998; Gross &
Levenson, 1993); and r=.75, #(7) = 3.03, p < .05, for replication

of responses on the same five measures to disgust films in a male
and female sample assessed 18 months apart.

Amusement versus disgust. In both studies, amusement differed
from disgust by (marginally) less pronounced HR deceleration,
higher TPR, and lower SCL. Whereas fast and shallow breathing
characterized both emotions, decreased central inspiratory drive in
disgust suggested different underlying mechanisms.

Divergent involvement of physiological response systems
between studies was implied by differentiation of amusement and
disgust on indicators of sympathetic activity (PEP, SV, and FT)
and respiratory thythm (T/T,,) in the previous study in contrast to
differentiation on indicators of parasympathetic activity (RSA,.
and RSA,) and peripheral resistance (MAP) in the current study.
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Figure 3. 95% ClIs of effect size estimates (Cohen’s d) for tests of significant deviation from baseline of physiological reactivity for amusing (amu),
mixed (mix), and disgusting (dis) film conditions. Gray bands indicate boundaries for small, medium, and large effect sizes (d = 0.20, 0.50, and 0.80;

Cohen, 1992). See Figure 1 for abbreviations of physiological measures.

Uninstructed versus regulated film viewing tasks may sensitize dif-
ferent response systems. Accordingly, prior research has found
increased sympathetic activation in the presence of stressors, but
increased parasympathetic activation upon additional engagement
of emotion regulation efforts (Butler, Wilhelm, & Gross, 2006;
Ingjaldsson, Laberg, & Thayer, 2003; Sloan & Epstein, 2005;
Smith et al., 2011). Both internal and external replicability analyses
identified MAP, TPR, SCL, V;, and V;/T; as measures with replica-
ble results, pointing to involvement of vascular, electrodermal, and
respiratory systems in differentiating amusement and disgust.

Results of multivariate profile analysis support the view that the
physiology of amusement and disgust is robustly distinct across dif-
ferent definitions of variable sets. Taken together, these results sug-
gest robust multivariate differentiation of physiological response
profiles, whereas robustness of individual physiological measures
was more graded.

Replicability of the Psychophysiology of Mixed Emotions

Mixed emotions. As in our previous study, cardiac deactivation,
peripheral vasoconstriction, and fast and shallow breathing charac-
terized the mixed emotional state. We additionally observed
increased vagal reactivity and decreased vascular resistance in the
current study. Internal and external replicability analyses identified
HR, RSA,. SV, FT, RR, and V; as measures with replicable

results, suggesting involvement of cardiac sympathetic and para-
sympathetic, vascular, and respiratory systems in the mixed emo-
tional state. External replicability analysis further indicated
excellent stability of the multivariate physiological response pro-
file, with effect sizes of similar magnitude between studies.

Mixed emotions versus amusement. Consistent with our previ-
ous study, the mixed emotional state differed from amusement by
higher preload (which is the main mechanism at lower work rates
contributing to [marginally] higher SV) and higher electrodermal
activity. Whereas the current study also showed differentiation
through marginally lower respiratory volume, the previous study
additionally found lower systemic resistance, higher peripheral
vasoconstriction, and more rapid breathing. Both internal and exter-
nal replicability analyses identified SV and SCL as measures with
replicable results, suggesting involvement of sympathetic o-
adrenergic venous and cholinergic electrodermal systems in differ-
entiating the mixed emotional state and amusement.

Mixed emotions versus disgust. The mixed emotional state dif-
fered from disgust by less vagal reactivity in the current study, in
contrast to less o-adrenergic sympathetic influence and a shift to
expiration in the previous study. Notably, both internal and external
replicability analyses identified RSA,,. as a measure with replicable
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Figure 4. (a) 90% Cls of effect sizes () from ANOVAs on univariate differences of physiological reactivity among amusing, mixed, and disgusting
film conditions. Gray bands indicate boundaries for small, medium, and large effect sizes (r12 =.010, .059, and .138; Cohen, 1988). (b) 95% ClIs of
effect size estimates (Cohen’s d) for follow-up tests of pairwise mean differences on physiological reactivity between amusing and disgusting (A-D),
mixed and amusing (M—A), and mixed and disgusting (M-D) film conditions. Gray bands indicate boundaries for small, medium, and large effect
sizes (d = 0.20, 0.50, and 0.80; Cohen, 1992). See Figure 1 for abbreviations of physiological measures.

results, suggesting involvement of the vagal system in differentiat-
ing the mixed emotional state from disgust—an effect that was not
identified by statistical significance testing.
Results of multivariate profile analysis support the view that the
physiology of the mixed emotional state is robustly distinct from

its pure constituent emotions across different definitions of variable
sets, with excellent stability of the physiological differentiation
from amusement and fair stability of that from disgust, albeit with
smaller effect sizes in the current than the previous study (less than
half the magnitude for disgust).
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Figure 5. Effect size (Cohen’s d) comparisons between the current and previous study (Kreibig et al., 2013) of physiological reactivity from baseline
for (a) amusement, (b) mixed emotions, and (c) disgust and for specific emotional responses contrasting (d) amusement versus disgust, (¢) mixed emo-
tions versus amusement, and (f) mixed emotions versus disgust. Gray bands indicate boundaries for small, medium, and large effect sizes (d = 0.20,
0.50, and 0.80; Cohen, 1992). Equations give the regression of the current (C) on the previous (P) study.



Psychophysiology of mixed emotions: Replicability

Empirically, this speaks to the robustness of the finding of
multivariate physiological profile differentiation of these three
emotion conditions (whereas individual physiological measures
were not as uniformly robust). Theoretically, this lends additional
support to the emergence account of mixed emotions, which pre-
dicted that physiological responses of mixed emotional states
should differ from both of their constituent emotions in pattern.
In contrast, this finding is inconsistent with both the nondifferen-
tiation account, which predicted that physiological responses of
mixed emotional states should not differ from one of the pure
constituent emotions but should differ in pattern from the other,
and the additive account, which predicted that physiological
responses of mixed emotional states should differ from one of
their constituent emotions in intensity and from the other in pat-
tern. This finding may be taken to suggest that the mixed emo-
tional state constitutes a unique state with distinct characteristics,
including a differential physiological response, from those of its
pure constituent emotions (cf. Scherer, 1984). Still, a separate
profile is also expected to occur if physiological variables have
different transfer functions with growing intensity, such as when
the same amount of arousal increase leads to an unrestricted
increase in one variable but a flattened increase in another
variable.'

Limitations and Directions for Future Research

Results of the present study should be interpreted in the context of
three types of limitations—procedural limitations of the study of
the psychophysiology of mixed emotional states, procedural limita-
tions of the direct replication, and statistical limitations of internal
and external replicability analysis.

We discussed procedural limitations of the study of the psycho-
physiology of mixed emotional states in detail in our prior report
(Kreibig et al., 2013). These included (a) inclusion of only college-
aged female participants of multiracial American ethnicity, (b) use
of film clips for emotion elicitation, (c) focus on peripheral physio-
logical measures, (d) highlighting of amusement, disgust, and a
mixed emotional state of both, (e) absence of control for contextual
effects (e.g., behavioral differences in spontaneous responses to the
film viewing task; Stemmler, Heldmann, Pauls, & Scherer, 2001),
and (f) choice of our primary statistical tests. With eye to the latter,
profile differences might have been enlarged by selecting only
those variables for profile analysis, which had a significant omni-
bus effect, and contrasts might have been maximized by perform-
ing three separate profile analyses for each of the comparisons.
Accordingly, a three-level multivariate analysis of variance would
be calculated and contrasts performed in that space, although others
discourage calculating contrasts with a pooled error term in within-
designs (e.g., Kirk, 1995).

Procedural limitations of the direct replication included data
collection (a) at a later time and different season; (b) with dif-
ferent participants who closely resembled our previous sample
in age, but may not have for other characteristics; and (c) within
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the larger context of a reappraisal task. Particularly the context
of the reappraisal task might have introduced variability in the
observed physiological responses: For experimental randomiza-
tion and management of time constraints, each participant saw a
different subset of only six film clips for each emotion category
in the current study instead of the same set of 15 film clips in
the previous study; additionally, the activation of emotion regu-
lation goals might have led to more parasympathetic than sym-
pathetic autonomic activation, as discussed above. Still, if
anything, these deviations from our original protocol would
have made it less likely to replicate emotion-related physiologi-
cal changes for amusement, disgust, and a mixed emotional
state.

Statistical limitations of internal and external replicability anal-
ysis included (a) presumption of representativeness of the current
sample for the population it is intended to represent (else biases in
data collection will also be reflected in bootstrapped results), (b)
inflated estimates of true replicability by internal replicability anal-
ysis, (¢) actual correspondence of 95% Cls to 83% prediction inter-
vals for effect sizes that would be given by future replications
(Cumming & Maillardet, 2006), and (d) choice of effect size meas-
ures. With respect to the latter, first, standardized differences effect
sizes (e.g., Cohen’s d) are expressed in units of standard deviation.
Their units stretch out or in with smaller or larger standard devia-
tions found upon repetition of the experiment (Cumming, 2014).
The smaller number of film stimuli and resulting larger variability
might have caused smaller effect sizes in the current than in the
previous study. Second, although variance-accounted-for effect
sizes (e.g., %) allow statements about the percentage of explained
variance within the sample, they tend to overestimate effect sizes
in the population and future samples (Snyder & Lawson, 1993)
because their calculation capitalizes on sample-specific variance
(Vacha-Haase & Thompson, 2004). While bias-corrected effect
sizes exist and should be used in future research, we chose to
employ these effect sizes for comparability with our previous
study.

In conclusion, the present study demonstrated support for the
direct replicability of emotion-related physiological changes in
general and the nature of the psychophysiological response of a
mixed emotional state in particular. Result replicability “is almost
universally accepted as the most important criterion of genuine sci-
entific knowledge” (Rosenthal & Rosnow, 1984, p. 9). As a next
step, conceptual replication should explore alternative accounts for
the nature of the psychophysiology of mixed emotional states,
drawing on alternative induction methods, such as the paired pic-
ture paradigm (Schimmack & Colombe, 2007), and alternative
analysis approaches, such as time course analysis supplemented by
continuous feeling self-report of mixed emotional states (Mauss
et al., 2005). Only if we verify that the current findings are robust
can future research further elucidate the psychophysiology of
mixed emotional states.
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