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We present a novel theoretical framework called the Action Priming Perspective to
predict effects of discrete emotions on judgment and decision-making and report
results from two studies examining five discrete emotions (anger, disgust, fear,
happiness, and sadness) and neutral on a behavioral task of risky decision-making.
We tested two hypotheses concerning single and combinatorial effects of the
emotions based on previous theoretical and empirical work delineating the action
priming functions of discrete emotions. As predicted, a fear-sadness combination,
elicited separately but combined for analyses, produced the highest risk-taking
behavior, higher than an anger-disgust combination (also elicited separately but
combined for analyses). Sadness also produced more risky behavior than did disgust,
as predicted. These effects, however, did not occur when the task was less uncertain.

These findings were discussed vis-a-vis understanding implications of specific,
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1 | INTRODUCTION

Research of the past two decades has increasingly demonstrated the
influence of emotions on risky judgment and decision-making (JDM).
This genre began with studies using a valence approach, testing
effects of incidentally elicited positive and negative affects (Ferrer
et al., 2020; Loewenstein & Lerner, 2003; Mellers et al., 1998). Subse-
quent studies examined the effects of discrete emotions such as
anger, sadness, or disgust (Lerner & Keltner, 2000). For instance, stud-
ies have demonstrated that sadness produces more impatience and
desire for money sooner compared with disgust (Lerner et al., 2013),
more consumption and spending (Cryder et al, 2008; Garg &
Lerner, 2013), and heightened addictive substance abuse (Dorison
et al., 2020). Other studies have reported that anger produces more
heuristic and risky decision-making, especially among men (Ferrer
et al., 2017; Lerner & Tiedens, 2006). Fear has been shown to increase

risk estimates and public policy preferences (Fischhoff et al., 2012;

discrete emotions on risky, ambiguous judgment and decision-making.

balloon analogue risk task, discrete emotions, disgust, fear, risky behavior, sadness

Lerner et al., 2003). Disgust has been shown to promote disposal of
possessions (Han et al., 2012).

This literature has facilitated the development of models such
as the emotion-imbued choice (EIC) model of JDM (Lerner
et al., 2015), which suggests that emotions affect JDM in several
ways. One involves individuals incorporating their predictions of
their emotions resulting from the outcomes of their JDM process.
Others include emotion effects through characteristics of the
decision maker or options available, anticipatory influences of
predicted emotions, frustrations caused by considering the deci-
sions, and unrelated factors such as emotions arising from an unre-
lated event, which are known as incidental emotions, the focus of
this study.

While the EIC posits roles for any emotion to influence the
JDM process, different outcomes as a function of different emo-
tions can be predicted by the Appraisal Tendency Framework (ATF;
Lerner et al., 2015). This framework is based on the presumption
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that appraisals underlying emotion elicitation frame the way JDM
occurs. In this perspective, emotion appraisals activate cognitive and
motivational predispositions to evaluate tasks consistent with the
appraisals that triggered the emotion in the first place; such
appraisals become an implicit perceptual lens for interpreting tasks
and situations.

1.1 | A complementto ATF—An action priming
perspective (APP)

Appraisals are not the only distinctive feature of emotions; so are
their functions. That is, in addition to unique appraisal tendencies,
each discrete emotion is also associated with specific action priming
characteristics that prepare bodies for different actions. These charac-
teristics exist because emotions are immediate, transient socio-
psycho-biological reactions to stimuli that are perceived as meaningful
and that may require potential action. They are vestiges of human
evolutionary history and products of an information processing sys-
tem that allows for action with minimal conscious processing
(Cosmides & Tooby, 2000; Tooby & Cosmides, 2008). Emotions exist
to facilitate adaptation to and problem-solving of different concerns
in the environment related to survival, such as birth, death, threats,
natural disasters, and cooperation and competition to deal with rivals
for mates, food, and other resources. While emotions are indeed eli-
cited by unique appraisals of stimuli (Matsumoto et al, 1988;
Matsumoto & Hwang, 2013; Scherer et al, 2001), when elicited,
they prime thinking and action by recruiting organized systems
of psychophysiological and behavioral reactions that gate perception
and thought, activate unique physiological signatures, and produce
specific expressive behavior, sensations, and experiences
(Ekman, 1999; Hwang & Matsumoto, 2018; Keltner & Haidt, 1999;
Levenson, 1999).

Each discrete emotion has a unique reaction profile that primes
specific action (Hwang & Matsumoto, 2018; Keltner & Haidt, 1999;
Levenson, 1994, 1999), and we propose that these action primes have
differential impacts on JDM. Anger, for instance, functions to prepare
the mind and body to remove obstacles, that is, to fight. Disgust facili-
tates the repelling or elimination of contaminated or rotten objects
(e.g., vomiting). Fear facilitates avoidance of threats and reduction of
harm through fleeing or freezing. Sadness functions to recoup
resources and call for help, and happiness incentivizes behavior
toward future goals. These differential functions of discrete emotions
have enabled humans to adapt to multiple and different types of
in their evolutionary history (Al-Shawaf
et al., 2016; Cosmides & Tooby, 2000; Darwin, 1872; Plutchik, 2001;
Tooby & Cosmides, 2008).

Here, we offer an Action Priming Perspective (APP) as a comple-

threats to survival

ment to the ATF to incorporate characteristics of discrete emotions
from an evolutionary perspective that may lead to considering how
discrete emotions may affect risky JDM tasks in general and on the
same task. Although the existing literature examining discrete emo-

tions described above has contributed much to enlightening the

associations between discrete emotions and JDM, they all used differ-
ent tasks in different studies, and for good reason; these tasks were
likely chosen for maximal relevance to the specific hypothesized
effects of the discrete emotions. A different approach that considers
the APP could compare multiple discrete emotions against each other
on the same task because task characteristics would be held constant.
This would allow for an apples-to-apples comparison of the effects of
different specific, discrete emotions because any differences in out-
comes would be attributable to the action priming characteristics of
the emotions.

Previous studies examining the effects of discrete emotions on
aggressive cognitions and behavior have provided evidence to support
this claim. In these studies, five discrete emotions were separately and
incidentally elicited in members of ideologically motivated groups who
completed a series of implicit and explicit hostility measures. A combi-
nation of the anger and disgust conditions (elicited separately but
combined for analyses) produced more hostility-related language,
aggressive cognitions, competitive decision-making using an economic
decision-making game, use of force when manipulating a neutral
object, and speed of body movement than did fear and sadness (also
elicited separately but combined for analyses) (Matsumoto
et al, 2016, 2017).

Another study more closely related to risky JDM also supported
this claim (Matsumoto & Wilson, 2022). In that study, five emotions—
anger, disgust, fear, happiness, and sadness—and a neutral condition
were individually elicited in participants using images from the Inter-
national Affective Picture System (IAPS; Lang et al., 1997), after which
they completed the Domain Specific Risk-Taking scale (DOSPERT;
Blais & Weber, 2006; Weber et al., 2002). Elevation in emotions
tended to produce more risk-taking propensities than neutral; but
importantly, different discrete emotions or their combinations pro-
duced differential degrees of risk-taking propensities. Testing the
same emotion condition effects as did the studies described immedi-
ately above (Matsumoto et al., 2016, 2017), the combination of the
fear and sadness conditions (elicited separately but combined for ana-
lyses) produced the highest risk-taking scores and was significantly
greater than an anger-disgust combination of conditions (also elicited
separately but combined for analyses). Sadness also produced higher
risk-taking scores than disgust (consistent with a sadness vs. disgust
comparison in Lerner et al., 2013) or happiness.

The results described above can be explained by considering the
APP. For instance, the findings concerning fear and sadness likely
occurred because, even though they were elicited separately, both
involve more expansive orientations toward threats and losses, with
potentially more devastating effects to the self and protective fea-
tures that focus on oneself (albeit differently). Both would serve to
protect and recoup resources because recovery—either physical or of
the self—may be a strong motivator of risky behavior. Individuals in
whom fear or sadness are elicited may facilitate greater risk-taking
because risky behaviors may compensate for loss or threat as a way
to recover. Perceptions of threats and losses may also imply mentally
that there's little or nothing left to lose, especially if perceptions of

pain decrease, which would serve as a buffer against risk. Risky and
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ambiguous tasks may amplify such effects because risk and ambiguity
may augment the effects of fear or sadness.

Contrastingly, anger and disgust have very different characteris-
tics than fear and sadness. Anger has competitive, agonistic action
priming features, while disgust is associated with action primes associ-
ated with the repelling of rotten objects and elimination; both these
emotions would likely produce calculated levels of risky behavior.
Anger and disgust should both affect risk but not to the extent of fear
and sadness because anger and disgust action priming involve more
constricted, focused cognitive and physiological gating on specific
objects (the targets of fighting or elimination). Happiness should also
increase risk because of gating that would minimize risk due to
achievement or contentment, or less tension and worry about any
consequences, but such risk should be more measured and not as

great as that of fear or sadness.

1.2 | Overview of the current studies and
hypotheses

In this paper, we test predictions based on the action priming charac-
teristics of discrete emotions in two studies with a commonly used
behavioral task of risky decision-making—the Balloon Analogue Risk
Task (BART; Lejuez et al., 2002).! The BART models real-world risky
behavior by balancing the potential for reward versus loss. In the
task, participants are presented with a balloon and offered a chance
to earn points by clicking a button to pump the balloon. Each click
causes the balloon to inflate and points to be added to a counter. At
some point, the balloon is overinflated and explodes; thus, each
pump represents greater risk but also more potential reward. If
participants choose to stop before the balloon explodes or if the
balloon doesn't explode, they collect the points earned for that trial;
but if the balloon explodes, no points are earned. Participants are not
informed about the balloons' breakpoints; the absence of this
information allows for testing both initial responses to the task and
changes in responding as participants gain experience with task
contingencies.

We examined the effects of the same five discrete emotions
tested in the previous studies reviewed above (Matsumoto
et al., 2016, 2017; Matsumoto & Wilson, 2022) on the BART. Anger,
disgust, fear, happiness, sadness, and a neutral condition were
elicited separately in participants after which they completed the

1We acknowledge prior work that has raised questions about whether the BART assesses
risk or uncertainty (De Groot & Thurik, 2018). This work suggested that risk is characterized
by unknown outcomes with known probability distributions producing the outcomes, while
uncertainty is characterized by unknown outcomes and unknown probability distributions;
according to this definition, therefore, BART would be characterized as a measure of
behavior under uncertainty. However, we maintain the description of it as a measure of risky
behavior for several reasons. First, De Groot and Thurik's (2018) definitions of risk and
uncertainty presume that they are different and separate from each other but a close read
suggests that risk may be a part of uncertainty but not vice versa. Second, their
characterizations may refer to the situation and not necessarily to the behavior produced,
which may in fact be risky. Third, De Groot and Thurik (2018) themselves acknowledge that
decision-making may shift from uncertainty to risk in the BART and that the distinction of
when such shifts are made is unclear. For these reasons, we characterize the BART as a
measure of risky behavior but encourage readers to interpret our findings with these caveats.

BART. We tested two main hypotheses based on the findings from
the previous studies described above reporting the effects of a com-
bination of the fear and sadness conditions versus a combination of
the anger and disgust conditions and of a sadness versus disgust

comparison:

Hypothesis 1. That a combination of the fear and sad-
ness conditions (hereafter fear-sadness), elicited sepa-
rately but combined for analyses, would produce more
risky behavior than a combination of the anger and dis-
gust conditions (hereafter anger-disgust), also elicited

separately but combined for analyses.

Hypothesis 2. That sadness would produce more risky

behavior compared with disgust.?

2 | STUDY1
21 | Methods
211 | Design

The study was a one-way, between-subjects experiment; elicited
Emotion Type was the independent variable with six levels (anger, dis-
gust, fear, happiness, sadness, and neutral); the dependent variables
were four scores assessing risk-taking behavior derived from the
BART (total pumps, pumps that occurred on trials that did not
explode, pumps that occurred on trials that did explode, and an overall

risk score, all described more fully below).®

2.1.2 | Participants

An initial sample of N = 311 was filtered to include those who com-
pleted the procedures within 60 min, resulting in a total N =236
(h =62 men, 171 women, three no response; ns =12 African
Americans, 69 Asian Americans, 35 European Americans, 83 Hispanic
or Latinos, 10 Middle Eastern, 18 multiracial or multiethnic, two

Native Hawaiian or Pacific Islander, and the remainder Other or no

2Neither study or the analyses were preregistered as major changes in design and collection
procedures were made in response to Covid restrictions that were put in place at the
beginning of this project.

3To be clear, each emotion was elicited separately in a between-subjects design. To test the
hypotheses of the combinatorial effects of some emotions (i.e., fear-sadness vs. anger-
disgust), those emotion conditions were combined for analysis. We opted for this procedure
instead of comparing each emotion separately for several reasons. First, as described in
Section 1, the combined emotions may have overlapped characteristics vis-a-vis risky
behavior, while clearly being discrete from each other; thus, there was some theoretical
justification to do so. Second, several previous studies, cited in Section 1, have compared
emotion conditions using these same combinations, and doing so here would allow for a
direct comparison with previous studies; thus, there was some empirical justification to do
so. Third, the combinatorial comparisons would allow for a more efficient analysis plan in
reducing the number of comparisons required, thereby reducing experiment-wise error.
Finally, as we report in the post hoc analyses for both studies, we compared the emotions
that were combined for analyses to examine differences between them (and there were none
obtained).
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response; mean age =21.77, SD=4.45)% All were university
students participating in partial fulfillment of class requirements and a
$10 gift card, and who were recruited anonymously using an online

participant recruitment and management system.

2.1.3 | Presession measures
Participants completed a brief demographic scale asking sex, age,
and ethnicity and a 10-item version of the Big Five Inventory
(Rammstedt & John, 2007) as part of the screening procedures for
registering in the participant recruitment system. In this study, par-
ticipants completed a self-report of their emotional states using a
15-item scale (guilt, fear, anger, embarrassment, worry, contempt,
excitement, disgust, amusement, nervousness, surprise, interest,
sadness, pride, and shame) rated on 9-point scales labeled
0 = None, 4 = Moderate Amount, and 8 = Extremely Strong. This
measure was administered three times: after consenting and
prior to collection of any data, after presentation of the emotion
eliciting stimuli as a manipulation check, and at the end of the
experiment.

Participants also completed the Emotion Regulation scale from
the Intercultural Adjustment Potential Scale (Matsumoto et al., 2001),
the Rosenberg Self-Esteem Scale (Robins et al., 2001), the 12-item
version of the Intolerance of Uncertainty Scale (IUS) (Birrell
et al., 2011; Buhr & Dugas, 2002; Carleton et al., 2007), the four-item
Behavioral Inhibition Scale by Gest (1997) (Shatz, 2005), and the
seven-item Behavioral Inhibition Scale by Carver and White (1994).
As these measures were not germane to the purpose of the current

study, no further mention of them will be made.

214 | Emotion-eliciting stimuli

Emotions were elicited separately using images from the International
Affective Picture System (IAPS; Lang et al., 1997) and in the same
manner as in Matsumoto and Wilson (2022).5 Six images per emotion

were selected from pools based on previously published studies on

“We instituted the duration limitation as a measure of quality control on the data. The
procedures for both studies were separated into two parts; Part 1 ended after the emotion
elicitation and self-reported emotion manipulation check, and Part 2 ended at the end of
the study. Both parts were seamlessly linked together so the separation of the studies was
unobservable to the participants. Mean durations for Part 1 in Studies 1 and 2 were

156 and 135 min, respectively, which strongly suggested that some participants lost
attention to the task and some may have even walked away and come back or may have
been multitasking with other tasks or online studies. Because the dependent variable
(BART) occurs in Part 2 right after the emotion elicitation in Part 1, the dependent variable
task may not have occurred after emotion elicitation as intended for some participants. For
these reasons, we adopted the duration criteria reckoning that a total time of 60 min was
ample time for completion of the study in a single sitting. Pilot studies also indicated that
the procedures could be completed comfortably in 50 min.

A previous meta-analysis (Lench et al., 2011) demonstrated that images are the most
effective methods to produce discrete emotions, but a subsequent meta-analysis (Ferrer

et al., 2015) also concluded that videos may be more effective in online studies. In this study,
we opted to use images because of the success of previous studies to do so, as well as to
incorporate the possibility of in-person as well as online methodologies in this and
subsequent studies.

the IAPS examining discrete emotion elicitation (Barke et al., 2012;
Libkuman et al., 2007; Mikels et al., 2005; Xu et al., 2017): anger
(IAPS#s 2691, 2751, 6312, 6360, 6540, and 9810), disgust (7360,
7380, 9300, 9301, 9322, and 9325), fear (1113, 1120, 1300, 1304,
1930, and 6300), happiness (1463, 1710, 1750, 2040, 2655, and
8497), and sadness (2205, 2276, 2800, 2900, 3230, and 3300),
along with selections for neutral (2484, 7000, 7003, 7160, 7012,
and 7041).

2.1.5 | Risk-taking measure

We utilized the Balloon Analogue Risk Task (BART; Lejuez
et al., 2002; described earlier in Section 1). In this study, participants
completed 10 trials and were given 10 s to complete each trial. Maxi-
mum pumps were set at 32 (which determined the probability of bal-
loon explosions), and chance for balloon explosions was set to be
randomized. Four scores were produced on each trial—points earned,
whether or not the balloon exploded, number of pumps, and time
remaining. We computed totals for each of these scores across the
10 trials for each participant.

For the main analyses below, we used four scores as they were
directly associated with participants' risk-taking behavior: Total
Pumps, mean pumps on trials where the balloon exploded (Pumps
Explosion), mean pumps on trials where the balloon did not explode
(Pumps No Explosion), and an Overall Risk Score. This latter score was
computed on the basis of a principal components analysis on the four
original scores that produced two components, with Total Pumps and
Total Explosions both loading positively on one (factor loadings were
0.80 and 0.89, respectively, and no other score loading greater than
0.10; zero-order correlation between Total Pumps and Total
Explosions = r(316) = .41, p < .001. (A report of analyses on the other
BART scores [points, explosions, and time remaining] is provided in

Supporting Information S1).

2.1.6 | Procedures

The study was conducted online. After consent, participants com-
pleted the presession measures, after which they were provided with
instructions for the image observation task, which explained that a
series of images will be presented singly for 10 s each and that partici-
pants would be asked to describe the most salient aspects of the
image that may have elicited a reaction in them and why. They were
then shown a sample IAPS neutral image not used in the study and
wrote their response to it using the same prompt, after which the six
images for a single emotion were presented and participants wrote
their responses to each image. Emotion Type was randomized across
participants. After presentation of the six images for an emotion, par-
ticipants then completed the self-reported emotion scale. These same
procedures have been used in previous studies and have successfully
elicited the intended discrete emotions (Matsumoto et al., 2016,
2017; Matsumoto & Wilson, 2022).



MATSUMOTO and WILSON

WILEY_| %%

After emotion elicitation, participants then completed the
BART, after which they completed 10 items from the Anderson
Word Fragment task (Anderson et al, 2003) as a filler task (not
germane to this study and no further mention of it will be made).
As a manipulation check, participants then rated five items about
the tasks using a 5-point scale labeled Strongly Disagree (1) to
Strongly Agree (5): | was uncertain, the outcomes were ambiguous,
the tasks were difficult, the tasks were risky, and the tasks made
me hesitate. These items were averaged to create a composite
uncertainty score («=.75). Participants then saw three positive
IAPS images not used in the study and completed the same obser-
vational tasks on each, after which they completed a self-report
emotion rating again, were debriefed, and provided instructions to

receive compensation.

22 | Results
2.2.1 | Manipulation checks and preliminary
analyses

Emotion changes

To examine if the elicitation procedures produced the intended emo-
tions, we computed a three-way mixed, overall ANOVA on the
emotion ratings using Emotion Type (6), Pre-Post (2), and Rating
(15) as factors. The three-way interaction was significant, F(70, 3976)
=10.16,p < .001, npz =.152. We decomposed this effect by comput-
ing simple effects of Pre-Post separately for each Emotion Type and
Rating. Anger images produced increases in anger, fear, disgust, sur-
prise, and sadness and decreases in excitement, amusement, interest,
and pride. Disgust images produced increases in disgust and surprise
and decreases in excitement, amusement, interest, sadness, and pride.
Fear images produced increases in fear, disgust, and surprise and
decreases in guilt. Happy images produced increases in amusement
and decreases in fear, anger, worry, disgust, nervousness, sadness,
and shame. Sad images produced increases in sadness and guilt and
decreases in contempt, excitement, amusement, interest, and pride.
Neutral images produced increases in surprise and decreases in
excitement, interest, and shame. Each set of emotion images pro-
duced changes in a variety of emotions, which is not uncommon
(Barke et al., 2012; Libkuman et al., 2007; Mikels et al., 2005; Xu
et al, 2017), but changes in the intended emotion had the largest
effects for all emotions, with the exception of fear (ds for increases in
target emotions were 1.05, 1.41, 0.25, 0.58, and 0.92 for anger, dis-
gust, fear, happiness, and sadness, respectively). Thus, the emotion
elicitation worked as intended. For fear, surprise had the largest effect
size (1.00), and the findings below should be interpreted with this
caveat (tables of descriptives and findings available in Supporting
Information S1).

Uncertainty ratings of the BART
We computed a single-sample t-test on the composite manipulation

check score produced after participants completed the BART using

the scale midpoint (3.0) as the comparison value. As a whole, partici-
pants agreed that the task/situation was uncertain (M = 3.20,
SD = 0.78), t(235) = 3.95, p < .001, d = 0.77. A one-way ANOVA on
this score using Emotion Type (6) as the independent variable did not

produce a significant effect.

2.2.2 | Main analyses

All participants

Descriptives for the four BART scores by Emotion Type are given in
Table 1. We tested the hypotheses using SPSS Process (Hayes, 2013),
a path analysis modeling tool that combines traditional mediation and
moderation analyses (Baron & Kenny, 1986; MacKinnon et al., 2002)
and assesses the conditional nature (moderation) of the direct effects
of one variable on another, with or without indirect effects through
another variable (mediation). PROCESS allows for specification of
multiple types of moderation and mediation effects and bootstraps
effects, allowing for an examination of confidence intervals in addition
to null-hypothesis statistical testing. Because the emotion conditions
had the intended effect on self-reported emotions, we utilized Model
4 (model examining the effects of a single mediator on the effects of
an independent variable on a dependent) on the fear-sadness versus
anger-disgust and sadness versus disgust comparisons on the four
BART scores using changes in self-reported target emotion ratings as
the mediator. Table 2 reports the effects only for the emotion condi-
tion comparisons involving the hypotheses; all effects are reported in
Table S1.

For Hypothesis 1, the overall models were significant on Total
Pumps, Pumps No Explosion, and Pumps Explosion; the fear-sadness
combination produced more risky behavior than did the anger-disgust
combination on these three variables. Changes in emotion ratings did
not have direct effects on these variables once the emotion condition
effects were accounted for, and the indirect effects were not signifi-
cant. On Overall Risk, the overall model approached significance but
there were no significant effects of the predictors. Thus, Hypothesis 1
was supported on three of four BART scores.

For Hypothesis 2, the overall models were significant on all four
BART scores: Sadness produced more risky behavior than did disgust
in all analyses. Changes in emotion ratings did not have a direct effect
on risky behavior once the emotion condition effects were accounted
for, and the indirect effects were not significant. Thus, Hypothesis 2

was supported on all four BART scores.

Participants filtered to include only those who increased on target
emotion

Because of variation in profiles of emotional responses to the
elicitation procedures, some participants may not have increased in
the target emotion (despite overall mean increases in those emotions),
possibly confounding the effects reported previously. Thus, we
filtered the data to include only participants who increased on the tar-
get emotion and computed bootstrapped t-tests to examine

differences between the fear-sadness versus anger-disgust and
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Anger Disgust Fear Happiness
Study 1
Total pumps M 96.03 81.48 108.37 102.63
SE 5.99 5.33 7.01 5.26
Pumps no explosion M 9.72 8.63 11.34 10.29
SE 0.72 0.62 0.80 0.65
Pumps explosion M 9.05 7.03 10.07 10.15
SE 0.67 0.56 0.75 0.73
Overall risk M 0.06 -0.49 0.11 0.21
SE 0.17 0.12 0.17 0.17
Study 2
Total pumps M 44.02 47.70 47.51 47.04
SE 2.73 2.69 2.46 2.77
Pumps no explosion M 4.32 4.78. 4.65 479
SE 0.35 0.30 0.29 0.35
Pumps explosion M 4.30 4.79 471 4.74
SE 0.29 0.35 0.31 0.33
Overall risk M -0.13 0.13 -0.01 —0.03
SE 0.13 0.13 0.12 0.13

sadness versus disgust comparisons on the four BART scores.® All
analyses were significant (Table 3); thus, the findings reported for the
total sample survived when participants were filtered to include only

those who increased in the target emotions.

2.2.3 | Posthoc analyses

First BART trial

An argument could be made that emotion effects may be different on
the first BART trial because it occurred immediately after the emotion
manipulation and was not influenced by previous trials (unlike scores
computed across all 10 trials). Thus, we computed the same mediation
analyses on pumps produced on the first BART trial. No effect was
significant, indicating that the effects reported in the main analyses

were produced across the 10 trials.

Uncertainty ratings as mediator

We also computed the mediation analyses above using the uncer-
tainty ratings as the mediator on the emotion condition comparisons.
In all analyses, the fear-sadness combination produced more risky
behavior than did the anger-disgust combination, and sadness pro-
duced more risky behavior than disgust. The uncertainty ratings did
not affect risky behavior, and the indirect effects were not significant
(see Table S2 for full report of effects).

SFor these analyses, we opted for bootstrapped t-tests because the reduction in power due
to the reduced sample sizes would prohibit meaningful mediation tests as conducted in the
main analyses.

Sadness Neutral TABLE 1 Descriptives (means and
standard errors) for total pumps, pumps
no explosion, pumps explosion, and

104.69 90.41 overall risk by emotion type, separately

563 504 by target emotions, Studies 1 and 2.
11.49 8.95
0.66 0.65
9.61 8.69
0.66 0.58
0.09 0.04
0.15 0.16
46.33 46.37
3.04 2.95
4.70 4.67
0.33 0.31
4.26 4.60
0.34 0.35
—0.04 0.08
0.15 0.16

Other emotion comparisons

Examining whether other emotions or emotion combinations had effects
on risky behavior was important to investigate whether emotion effects
were isolated to the ones tested in the main analyses. We therefore
examined several post hoc comparisons: the combination of all emotions
versus neutral, anger-disgust combination versus neutral, and fear-
sadness combination versus neutral. A one-way ANOVA using Emotion
Type (6) as the independent variable on the four BART scores indicated
that the fear-sadness combination produced significantly higher risk
scores than neutral on Total Pumps and Pumps No Explosions, p = .032
and p = .003, respectively. All other effects were not significant.

We also tested the possibility that the differences in risky behav-
jor could be accounted for by a positive versus negative differentia-
tion among the emotions by recomputing the ANOVAs including a
contrast comparing happiness versus an anger-disgust-fear-sadness
combination on all four BART scores and a separate happiness versus
sadness contrast. No effect was significant. Finally, because our
hypotheses involved combining fear with sadness and anger with
disgust, we compared both pairs of emotions using Scheffe correc-

tions on all four BART scores. No effect was significant.

2.3 | Discussion

Findings on three of the four BART scores using the entire sample
supported Hypothesis 1, and findings on all four BART scores sup-
ported Hypothesis 2. The fear-sadness combination produced more
risky behavior than the anger-disgust combination, and sadness
produced more risky behavior than disgust. These findings were

important as they demonstrated theoretically predicted differential
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TABLE 2 Effects of fear-sadness BART score Coefficient SE t p LLCI ULCI
versus anger-disgust and sadness versus
disgust comparisons in Studies 1 and 2. Fear-sadness versus anger-disgust®
Study 1 Total pumps 15.87 6.61 2.40 .018 2.82 28.91
Pumps no explosions 2.03 0.77 2.65 .009 0.52 3.54
Pumps explosions 1.66 0.73 2.27 .025 0.21 3.10
Overall risk 0.27 0.17 1.59 114 -0.07 0.60
Study 2 Total pumps 16.93 8.23 2.06 041 0.72 33.15
Pumps no explosions 1.20 0.97 1.23 219 -0.72 3.12
Pumps explosions 1.39 0.97 1.43 153 -0.52 3.30
Overall risk 0.42 0.40 1.04 .298 -0.37 1.20
Sadness versus disgust®
Study 1 Total pumps 22.88 8.48 2.70 .009 6.00 39.76
Pumps no explosions 2.59 0.99 2.63 .010 0.63 456
Pumps explosions 2.80 0.94 2.99 .004 0.93 4.67
Overall risk 0.51 021 243 017 0.09 0.92
Study 2 Total pumps 25.29 12.60 2.01 .047 0.30 50.28
Pumps no explosions 1.68 141 1.19 .235 -1.11 447
Pumps explosions 2.51 1.51 1.66 .100 -0.49 5.51
Overall risk 0.45 0.61 0.74 463 -0.77 1.67
2Anger-disgust was coded as 0, and fear-sadness was coded as 1.
bDisgust was coded as 0, and sadness was coded as 1.
TABLE 3 Results of bootstrapped t-tests including only participants who increased in the target emotion, Study 1.
Fear-sadness versus anger-disgust
FESA (n = 46) ANDI (n = 59) t p Cohen's d 95% LLCI® 95% ULCI
Total pumps 101.87 (5.85) 86.08 (4.24) 224 .028 0.44 1.86 30.74
Pumps no explosions 11.00 (0.67) 8.93(0.52) 2.50 014 0.49 0.42 3.76
Pumps explosions 9.28 (0.62) 7.88(0.48) 1.84 .068° 0.36 —-0.02 3.01
Overall risk 0.07 (0.14) —0.33(0.10) 244 016 0.48 0.08 0.74
Sadness versus disgust
SA (n = 26) DI (n = 37) t p Cohen's d 95% LLCI 95% ULCI
Total pumps 101.08 (6.66) 83.08 (5.85) 2.01 .048 0.52 0.52 36.88
Pumps no explosions 10.72 (0.68) 8.73 (0.68) 2.01 .048 0.51 0.01 3.96
Pumps explosions 9.36 (0.75) 7.33(3.28) 2.15 .036 0.55 0.23 3.92
Overall risk 0.03 (0.17) —0.45(0.13) 231 .024 0.59 0.05 0.91

Abbreviations: ANDI, anger-disgust combination; DI, disgust; FESA, fear-sadness combination; SA, sadness.

2Cls are computed on the differences between the means.

PWe interpret this p-value as support for the hypothesis given its directional nature (that FESA > ANDI).

effects among different discrete emotions or their combinations on
the same ambiguous JDM task using a behavioral measure, as
predicted by the APP. In general, they replicated and extended the
findings reported previously by Matsumoto and Wilson (2022).

One limitation of the study concerned the risk settings used in
the study, which were standard in the common usage of the BART
task. A riskier setting may enhance the effects of the emotions; that

is, a higher probability of balloon explosions would produce quicker

explosions that would likely enhance risk associated with the task as it
would magnify the emotions elicited (consistent with the notion in the
EIC that emotions associated with the task can influence JDM). Thus,
in Study 2, we set the BART to have explosions sooner than in Study
1, presumably increasing task riskiness. We hypothesized that the
effects predicted originally would be replicated with larger effect sizes
because of the increased riskiness. Also, we increased the sample size

to allow for tests of sex differences.
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3 | STUDY?2
3.1 | Method
3.1.1 | Participants

An initial sample of N = 357 was filtered to include those who com-
pleted the procedures within 60 min, resulting in a total N = 325
(h =184 women, 140 men, one undeclared; ns = 137 African
American or Black, seven American Indian or Native American or
Alaska Native, 51 Asian American, 51 European American or White,
51 Hispanic or Latina/o/x, nine Middle Eastern, 13 Multiracial or
Multiethnic, one Native Hawaiian or Pacific Islander, and the remain-
der Other or no response; mean age = 22.48, SD = 4.44). All were
university students participating in partial fulfillment of class require-
ments and a $10 gift card and who were recruited anonymously using

an online participant recruitment and management system.

3.1.2 | Procedures
The instruments, stimuli, and procedures were the same as in Study
1 with the sole exception that the BART settings were adjusted so
that chance of balloon bursts in a trial was set at 16 as the maximum
number of pumps (i.e., the balloon would burst more often), presum-
ably making the task riskier.

3.2 | Results
3.2.1 | Manipulation checks and preliminary
analyses

Emotion changes
We computed a three-way mixed, overall ANOVA on the emotion rat-
ings using Emotion Type (6), Pre-Post (2), and Rating (15) as factors.
The three-way interaction was significant, F(70, 3934)= 8.35,
p <.001, n,,2 =.129. We decomposed this effect by computing simple
effects of Pre-Post separately for each Emotion Type and Rating.
Anger images produced increases in anger, fear, worry, disgust, sur-
prise, and sadness and decreases in excitement, interest, and pride.
Disgust images produced increases in disgust, anger, embarrassment,
surprise, and shame and decreases in excitement, interest, and pride.
Fear images produced increases in fear, worry, disgust, and surprise
and decreases in excitement, interest, pride, and shame. Happy
images produced increases in amusement, excitement, and surprise
and decreases in embarrassment and disgust. Sad images produced
increases in sadness and decreases in excitement, interest, and pride.
Neutral images produced decreases in guilt, anger, embarrassment,
disgust, nervousness, and sadness.

As in Study 1, changes in the intended emotion had the largest
effects for all emotions, except for fear (ds for increases in target emo-
tions were 0.80, 1.71, 0.38, 0.41, and 0.48 for anger, disgust, fear,

happiness, and sadness, respectively). Thus, the emotion elicitation
worked as intended. For fear, disgust had the largest effect size (0.58)
followed by surprise (0.53), and the findings below should be inter-
preted with this caveat (tables of descriptives and findings available in

Supporting Information S1).

Uncertainty ratings of the BART

We computed a single-sample t-test on the composite manipulation
check score produced after participants completed the BART using
the scale midpoint (3.00) as the comparison value. Contrary to our
expectations, participants disagreed that the task/situation was uncer-
tain (M =287, SD=1.06), t(324)=-2.25, p=.025, d=-0.13,
despite the presumably riskier BART setting. A one-way ANOVA
using Emotion Type (6) as the independent variable on the manipula-

tion check score produced no significant effects.

3.2.2 | Main analyses

All participants

Descriptives for the BART scores by Emotion Type are given in
Table 1. We tested the hypotheses using SPSS Process Model
5 (model examining the effects of a mediator and a moderator on the
effects of an independent variable on a dependent variable) to test
the effects of the emotion condition comparisons on risky behavior
using the changes in self-reported emotion ratings as the mediator,
but we also included sex as a possible moderator because this analysis
was more adequately powered than in Study 1.

For Hypothesis 1, the overall models were significant for Total
Pumps, Mean Pumps Explosions, and Overall Risk. (Table 2 reports
the effects only for the emotion condition comparisons; all effects are
reported in Table S5.) On Total Pumps, the emotion condition was sig-
nificant, indicating that the fear-sadness combination again produced
more risky behavior than the anger-disgust combination, as predicted.
The interaction was also significant, and conditional analyses indicated
that the fear-sadness combination produced more risky behavior than
anger-disgust for women but not men. There were no significant
emotion condition effects on the other three BART scores.

For Hypothesis 2, the overall models were not significant on any
BART score. The emotion condition effect was significant on Total
Pumps, with sadness producing more risky behavior than disgust, as pre-
dicted. The interactions were also significant on Total Pumps and Mean
Pumps Explosions; conditional effects analyses indicated trends for dis-
gust to produce more risky behavior than sadness for men only. No

effects were significant on Overall Risk or Mean Pumps no Explosions.

Participants filtered to include only those who increased on target
emotion

As in Study 1, we computed bootstrapped t-tests to examine differences
between the fear-sadness versus anger-disgust and sadness versus dis-
gust comparisons on the four BART scores using only participants who
increased on the target emotion. Unlike Study 1, only one analysis was

significant and in the opposite direction: Disgust produced more Pumps
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Explosions than did sadness. Thus, the findings reported for the total
sample did not survive when participants were filtered to include only
those who increased in the target emotions (Table 4).

Because sex moderated two of the sadness versus disgust compari-
sons in the main analyses, we recomputed the bootstrapped t-tests
comparing sadness versus disgust separately for men and women.
For women, none of the analyses was significant. For men, three of the
four analyses were significant, all indicating that disgust produced more
risky behavior than sadness (Table 4). The interpretation of these find-

ings should be tempered by the restricted power in these analyses.

3.2.3 | Post hoc analyses

Differences in target coefficients between Studies 1 and 2

We tested differences in the coefficients for the fear-sadness versus
anger-disgust and the sadness versus disgust comparisons on the four
BART scores obtained in Studies 1 and 2 and reported in Tables 2 and
3. No comparison was significant, —.35 < zs < .67, .503 < ps < .928.
Thus, the effect sizes for these comparisons were not statistically dif-
ferent between the two studies despite differences in statistical sig-

nificance testing whether each coefficient was >0.

First BART trial
As in Study 1, we tested the hypotheses on the pumps produced on
the first BART trial. No effects were significant. Thus, the effects

reported earlier emerged after the first trial.

Uncertainty ratings as mediator

We recomputed the moderated mediation analyses above using the
uncertainty ratings manipulation check as the mediator on both emo-
tion condition comparisons. Interestingly, the effects of the emotion
condition, sex, and their interaction were all not significant for all risk
variables. The direct effects of the uncertainty ratings, however, were
significant in all models, indicating that greater perceived uncertainty
in the task was positively associated with more risky behavior. Thus,
once all relevant variables were in the same model, the effects of
emotion and sex disappeared, and the only variable to affect the risky
behavior was the perceived uncertainty of task. (See Table Sé for
fuller presentation.)

Other emotion comparisons

We examined the same post hoc comparisons as in Study 1: the com-
bination of all emotion conditions versus neutral, anger-disgust
combination versus. neutral, and fear-sadness combination versus
neutral. An Emotion Type (6) ANOVA on all four BART scores pro-
duced no significant effects. We also tested the possibility that the
differences in risky behavior could be accounted for by a positive ver-
sus negative differentiation among the emotions by recomputing
overall ANOVAs including a contrast comparing happiness versus an
anger-disgust-fear-sadness combination. No effect was significant
on any BART scores. Finally, because our hypotheses involved com-
bining fear with sadness and anger with disgust, we compared both
pairs of emotions using the same contrast procedures as above using

Scheffe correction; neither pair was significant for any BART score.

TABLE 4 Results of bootstrapped t-tests testing the hypotheses including only participants who increased in the target emotion, Study 2.

Fear-sadness versus anger-disgust

FESA (n = 53) ANDI (n = 77) t p Cohen's d 95% LLCI® 95% ULCI
Total pumps 45.23 (2.70) 49.62 (2.39) 1.21 .230 0.22 -291 11.75
Pumps no explosions 4.65 (0.31) 4.92 (0.28) 1.09 270 0.12 —-0.51 1.03
Pumps explosions 4.15(0.33) 4.83(0.28) 1.55 123 0.28 -0.18 1.56
Overall risk —0.09 (0.13) 0.16 (0.33) 141 154 0.25 -0.10 0.61

Sadness versus disgust

SA (n = 27) DI (n = 46) t p Cohen's d 95% LLCI 95% ULCI
Total pumps 43.63 (4.12) 50.89 (3.02) 1.44 .155 0.35 -2.99 17.69
Pumps no explosions 4.52 (0.45) 5.06 (0.34) 0.98 331 0.24 —-0.61 1.69
Pumps explosions 3.82(0.45) 5.11(0.38) 214 .036 0.52 0.13 251
Overall risk —0.17 (0.20) 0.28 (0.45) 1.81 .074 0.44 —0.06 0.97

Sadness versus disgust (males only)

SA (h=11) DI (n = 21) t p Cohen's d 95% LLCI 95% ULCI
Total pumps 35.82(4.22) 53.00 (4.56) 245 .021 0.91 572 28.42
Mean pumps no explosions 4.00 (0.62) 5.23(0.51) 1.46 155 0.55 -0.39 2.73
Mean pumps explosions 3.07 (0.26) 5.12 (0.55) 2.61 .014 0.97 0.94 3.16
Overall risk —0.49 (0.25) 0.21 (0.22) 2.00 .054 0.75 0.06 1.29

Abbreviations: ANDI, anger-disgust combination; DI, disgust; FESA, fear-sadness combination; SA, sadness.

2Cls are computed on the differences between the means.
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4 | GENERAL DISCUSSION

The hypotheses were mainly supported in Study 1: The fear-sadness
combination (elicited separately but combined for analyses) produced
more pumps on the BART than did the anger-disgust combination on
three of four BART scores, and sadness produced more pumps than
did disgust on all four BART scores. These emotion condition differ-
ences did not occur on the first BART trial in either study, did not
affect any other BART outcome variable, and could not be accounted
for by a simple positive-negative distinction among the emotions.
Findings in Study 2 were equivocal, with the hypotheses supported
on one of four BART scores for both comparisons.

The emotion condition differences reported in Study 1 were pre-
dicted based on the action priming functions of discrete emotions, the
Action Priming Perspective (APP) as described in Section 1. The Study
1 results replicated findings from a previous study involving a self-
report measure of risk-taking (Matsumoto & Wilson, 2022) and were
consistent with previous studies on aggressive cognitions and behav-
ior (Matsumoto et al., 2016, 2017). Based on the APP, on one hand,
we suggested that fear and sadness would invoke greater risk-taking
because they both trigger protective features that may include risky
behavior in order to protect or recover the self. This concept is aligned
with previous research demonstrating fear to increase risk estimates
(Fischhoff et al., 2012; Lerner et al., 2003) and sadness to produce
more impatience in participants and desire for money (Lerner
et al., 2013), more consumption and spending (Cryder et al., 2008;
Garg & Lerner, 2013), and heightened addictive substance abuse
(Dorison et al., 2020). Outcomes of risky behaviors may be perceived
as ways of compensating for losses or threats as ways for individuals
to regain homeostasis, an idea originally suggested by Plutchik (1982,
1994, 2001). Perceptions of threats or losses may also imply mentally
that there's little or nothing left to lose, especially if perceptions of
pain decrease, which would serve as a buffer against risk. Risky and
ambiguous tasks may amplify such effects because risk and ambiguity
would augment the effects of fear or sadness because risk and ambi-
guity could be considered contexts associated with fear and/or
sadness.

On the other hand, anger and disgust have very different func-
tions. Anger's agonistic features and disgust's focus on elimination of
rotten objects involve more specificity about the elicitors and thus
may not trigger generic risky behavior, such as that represented by
the BART. Inspection of the anger and disgust means in both studies
and their comparison with the neutral condition would support such
an interpretation. This idea is also aligned with previous studies that
have reported that anger produces more heuristic and risky decision-
making (Ferrer et al., 2017; Lerner & Tiedens, 2006). Thus, the effects
of anger and disgust on ambiguous or risky judgments and decision-
making may be more task-specific, whereas those of fear and sadness
may be not in some contexts.

The Study 2 findings, however, were not as strong and supported
the predictions only on Total Pumps. Importantly, the hypotheses
were not supported in Study 2 in analyses involving only participants

who increased on the target emotions. These non-findings may have

occurred because of a misinterpretation on our part about the risk
settings of the BART. Although we had suggested that higher proba-
bility of balloon explosions used in Study 2 would enhance the riski-
ness of the task, in fact, it might have had an opposite effect. The
setting more likely reduced variation in the BART scores
(as evidenced in Table 1) and may have led to more pronounced learn-
ing effects such that all participants approached an optimal solution
(i.e., maximizing expected value). Uncertainty (and thus risk), there-
fore, may in fact have been reduced by this setting; the lower uncer-
tainty ratings obtained in Study 2 would be consistent with this idea.
Lower uncertainties and risk in the task may have mitigated any
effects of the incidental emotion elicitation, and risky behavior may
have been influenced more largely by the uncertainties/risk (or lack
thereof) in the task itself.”

The difference between the two studies' findings concerning the
uncertainty ratings that were obtained as a manipulation check after
the BART may also corroborate that idea. In Study 1, these ratings
were not associated with risky behavior; in Study 2, they were signifi-
cantly associated with all BART scores and emotion condition effects
disappeared. We interpret these findings as supporting the notion
above that the balloon explosion settings in Study 2 created less
uncertainty about the task and that participants' perceptions of uncer-
tainty were the main driving factor producing more pump behavior,
reducing any emotion condition effects. When the task was riskier
(Study 1), those perceptions of uncertainty did not affect pump
behavior as much, therefore allowing emotion condition effects to
emerge. This suggests that the risk salience of the task may moderate
emotion effects; that is, low uncertainty/risk tasks may produce their
own set of emotions or affects that neutralize the possible effects of
other emotions. This possibility should be followed in the future.

Study 2 did produce an interesting set of findings concerning pos-
sible sex moderation of the emotion effects. Overall, those analyses
indicated that disgust produced more risky behavior than sadness but
in men only, contrary to our predictions. Analyses including all partici-
pants pointed to such effects, and analyses of participants who
increased in the intended emotions produced more consistent, signifi-
cant results. The findings, however, were limited by restricted sample
sizes, especially those in the post hoc analyses. Nevertheless, they
suggested interesting effects that should be followed in future
studies.

The findings reported here added to a growing literature of the
effects of discrete emotions on ambiguous or risky JDM and point to
other interesting questions for future research to address. Hopefully,
the APP, along with the ATF, can facilitate such evolutions in the field.
For example, given that the findings reported above were apparently
moderated by the uncertainty of the task, future research may
address the boundaries of possible emotion effects on risky behavior
vis-a-vis perceptions of task uncertainty. Future research should also
endeavor to search for mediators of the observed effects when they
occur. The results from both studies indicated that individual

7We thank an anonymous reviewer for pointing this possibility out to us, along with relevant
literature.
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differences in changes in self-reported emotions did not mediate
emotion condition differences once the effects of the emotion elicita-
tion were accounted for. Other potential mediators should be tested,
such as perceptions of threat and loss, pain, or beliefs that there's
nothing to lose. Future studies should also examine how individual
differences may potentially moderate the effects of emotion elicita-
tions on risky behavior.

The findings were limited in several ways, one of which was the
nature of the task. Although the BART is a well-used measure of risky
behavior, it was the sole measure used in the studies reported here.
Relatedly, participants were not paid according to the outcomes of
their engagement with the BART, which may have reduced the eco-
logical validity of the measure. Future studies will need to examine if
the emotion condition differences observed here will be obtained
with other measures of risky behavior. Another limitation concerned
the fact that the two studies employed an incidental emotion elicita-
tion procedure; that is, the emotions that were elicited were not
directly associated with the task itself that produced the outcome
data, and task-contingent emotions should be explored more in future
studies. The reported sex differences were limited by low power, and
future studies should be designed with adequate power to explore
more fully such effects. Finally, the findings reported here were
derived entirely from university student samples, and future studies
should include nonstudents to increase the external validity of the
findings.

In summary, we introduced the Action Priming Perspective
(APP) as a complement to the Appraisal Tendency Framework (ATF)
to predict differential effects of discrete emotions on risky behavior.
While the ATF focuses on the appraisal aspects of the emotion elic-
itation process, the APP focuses on the action priming functions of
emotions. Findings from Study 1 provided evidence for the APP,
with a fear-sadness combination (elicited separately but merged for
analyses) producing more risky behavior than an anger-disgust com-
bination and sadness producing more risky behavior than disgust.
The findings from Study 2 suggested an important boundary of the
possible effects of discrete emotions on risky behavior. Collectively,
the findings should encourage further research on the effects of dis-
crete emotions on risky behavior and the conditions in which they

occur.
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