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ABSTRACT

A common finding in the study of emotion and decision making is the tendency for
fear and anxiety to decrease risk taking. The current meta-analysis summarises the
strength and variability of this effect in the extant empirical literature. Our analysis
of 136 effect sizes, derived from 68 independent samples and 9,544 participants,
included studies that experimentally manipulated fear or measured naturally
varying levels of fear or anxiety in both clinical and non-clinical samples, and
studies measuring risky decision making and risk estimation. A multilevel random
effects model estimated a small to moderate average effect size (r=0.22), such that
fear was related to decreased risky decision making and increased risk estimation.
There was also high heterogeneity in the effect sizes. Moderator analyses showed
that effect sizes were greater when risk tasks used tangible (e.g. monetary)
outcomes and when studies used clinically anxious participants. However, there
also remained considerable variability in effect sizes, the sources of which remain
unknown. We posit several potential factors that may contribute to observed
variability in this effect for future study, including factors concerning both the
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nature of fear experience and the risk taking context.

A consensus has emerged among researchers that
fear decreases risk taking (Charpentier, Aylward,
Roiser, & Robinson, 2017; Lerner & Keltner, 2001;
Niedenthal, Krauth-Gruber, & Ric, 2006; Raghunathan
& Pham, 1999). This finding has motivated practices
across multiple domains of social and industrial life.
Economists apply it to understand market behaviour
(Reinhart & Rogoff, 2009), politicians and the media
exploit it to influence public perception (Glassner,
2010), and health experts use it to more effectively
communicate the health risks of certain behaviours
(Brown & Walsh-Childers, 2002). Given the wide prac-
tical interest in the influence of fear on risk taking, it
would be valuable to examine the strength and con-
sistency of this relationship. Indeed, a closer examin-
ation of the literature suggests that there are studies
that fail to report this effect (Charpentier, Hindocha,
Roiser, & Robinson, 2016; Hunt, Hopko, Bare, Lejuez,
& Robinson, 2005) or even observe the reverse effect
whereby fear is associated with increased risk taking

(Kugler, Connolly, & Ordénez, 2012; Zhang & Gu,
2018).

Examining the strength and consistency of the
relationship between fear and risk taking may also
contribute to ongoing theoretical debates concerning
the nature of emotion. There is a large variety of theor-
etical models for fear that vary in the extent to which
they propose that fear ought to have a more uniform
(v. more heterogeneous) effect on behaviour. In each
model, fear is defined a priori by researchers in
different ways. Fear is stipulated to be an affect pro-
gramme that drives specific facial behaviours or phys-
iological responses (Ekman & Cordaro, 2011;
Levenson, 2011), a set of stimulus appraisals (rapid
evaluations of whether a stimulus is harmful, unex-
pected, etc.) that are either consistent across all
different fear inductions or may involve different
suites of appraisals in different moments of fear
(Clore & Ortony, 2013; Ellsworth & Scherer, 2003), a
single or suite of functional states that drives
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defensive behaviours like fleeing or fighting (Adolphs
& Anderson, 2018; Fanselow, 1991; Mobbs, 2018), a
personal schema (LeDoux, 2015), or a mental con-
struction of prior experiences that are used to make
meaning of current instances (Barrett, 2006; Clore &
Ortony, 2013; Lindquist & Barrett, 2008; Satpute &
Lindquist, 2019). These models vary in the extent to
which they emphasise uniformity or non-uniformity
in the relationship between fear and behaviour,
which may be informed by a comprehensive examin-
ation of the literature on fear and risk taking.

Here, we used meta-analytic methods to investi-
gate the relationship between fear and risk taking.
Meta-analysis provides a quantitative summary of
the strength and consistency of an effect in the litera-
ture and the opportunity to test for potential modera-
tors of effect size by statistically comparing groups of
studies to one another. Our meta-analysis included
two operationalizations of risk taking: risky decision
making and risk estimation. Risky decision making
refers to situations wherein an individual must
decide between options that differ in the variability
of their outcome. For example, participants may
choose between a guaranteed $10 payoff or a 50%
chance to win $20. This example specifies a 50%
chance of success in the more variable, risky choice.
Sometimes the risky choice can involve outcomes of
unspecified odds as well (e.g. balloon analog risk
task; Lejuez et al,, 2002). Uncertainty refers to the situ-
ation in which the decision is risky, but the odds are
unknown (Chua Chow & Sarin, 2002).

According to predominant theories of risky
decision making, decision makers deciding among
risky options assign value to each option by estimat-
ing both the likelihood and subjective value associ-
ated with each outcome (Kahneman & Tversky,
1979). For example, participants may be asked to esti-
mate the likelihood that their car would be broken
into if left unlocked overnight or how unpleasant
experiencing a break-in would be. Such estimates
are thus constitutive of the decision making process,
and we consider them relevant to our investigation
of risk taking. We refer here to risk estimation as sub-
jects’ perception of the likelihood and/or subjective
valuation of risky outcomes.

The present meta-analysis assesses two overarch-
ing categories of moderators: (i) methods surrounding
how fear was induced and/or measured, and (ii)
methods for how risk taking was measured. Despite
pervasive methodological variation in the measure-
ment of these two constructs, justification for

selecting certain protocols and speculation concern-
ing the influence that these choices may have on out-
comes is rare. One might expect, however, that
different methodologies for inducing fear produce
emotional experiences of variable nature and intensity
(e.g. Condon, Wilson-Mendenhall, & Barrett, 2014), and
that different risk taking tasks may vary in their sus-
ceptibility to the influence of emotion (Loewenstein,
Weber, Hsee, & Welch, 2001; Slovic & Peters, 2006).
Understanding their influence is of relevance for
both fundamental and translational research ques-
tions in fear and risk taking.

Inducing and measuring fear and anxiety

The relationship between emotion and decision
making in general has been shown to depend on
several methodological factors (Angie, Connelly,
Waples, & Kligyte, 2011; Lerner, Li, Valdesolo, &
Kassam, 2015). Here, we identified several potential
moderating variables relating to methodological varia-
bility in the induction and measurement of fear and
anxiety. First, we assessed whether fear or anxiety
were measured using a non-experimental design (i.e.
examining how naturally varying trait fear or anxiety
levels relate to risk taking) or an experimental design
(i.e. experimentally-induced fear). In the present inves-
tigation, “naturally varying fear” refers to trait
measures of fear and anxiety. Conversely, as emotion
induction experiments aim to manipulate fear in the
moment, this category refers exclusively to state
fear. Among non-experimental designs, we assessed
the timing of fear inventory administration (e.g.
whether a trait questionnaire was administered
before or after the risk taking task) and the specificity
of emotion inventories (i.e. whether emotions in
addition to fear were measured). Among experimental
designs, we identified whether or not a manipulation
check was administered prior to participants complet-
ing the risk taking tasks as well as the medium of
stimuli used to induce fear (e.g. pictures, sounds,
movies). We also assessed whether the conceptual
content of the fear induction was idiographic (i.e. tai-
lored to each participant) or normative. Additionally,
we compared studies that used neutral emotion as
the control condition to those that used anger as
the control condition. Finally, variation across studies
may also be related to the strength of the fear induc-
tion (i.e. the intensity of the fear experience it pro-
duces). Thus, we examined whether the intensity of
self-reported emotional experience predicted the



strength of the relationship between fear and risk
taking. One might expect greater self-reported fear
experience to be associated with more pronounced
decreases in risk taking (i.e. a dose-dependent relation-
ship across studies) to the extent that the influence of
fear on risk taking is uniform and monotonic.
Although applied and theoretical models vary in
how they treat the constructs of fear and anxiety (Fan-
selow, 1991; Ohman, 2008; Reiss, 1991), in the risk
taking literature these constructs are not clearly distin-
guished methodologically or empirically. Studies that
use experimental inductions of fear rarely, if ever,
ask participants to report on how the induction influ-
ences fear and anxiety separately. Similarly, studies
using non-experimental designs use scores on scales
and inventories that also do not clearly separate fear
and anxiety; for example, the commonly used
Anxiety Sensitivity Index includes items with the
terms “scared”, “nervous”, “anxiety”, and “worried”
(Reiss, Peterson, Gursky, & McNally, 1986). Thus,
although researchers appear to focus on the impact
of anxiety or fear separately, and do not intend to
use the terms interchangeably, limited empirical dis-
tinction between these constructs is made in the exist-
ing literature. To examine whether effect sizes differed
when considering studies ostensibly on fear v. anxiety,
we coded and then analytically compared studies
investigating anxiety and studies investigating fear
on the basis of the language used by the authors.
We note here that this dimension did not have an
influence on the results; for ease, we use the term
“fear” throughout the rest of the manuscript to refer
to studies assessing fear and anxiety in this meta-
analysis except where explicitly stated otherwise.

Assessing risk taking and risk estimation

We also identified moderating variables relating to the
format of the risk taking measure to examine whether
certain measures of risk taking are more susceptible to
the influence of fear than others. We coded for
whether studies measured risky decision making (e.g.
through responses on a gambling task) or risk estimation
(e.g. through subjective reports of the perceived likeli-
hood and/or value of various risky outcomes). Notably,
we will use “risky decision-making” to refer to studies
using both conditions of risk and conditions of uncer-
tainty. Whereas decision making under risk involves
the probabilities of each outcome being directly pro-
vided, uncertainty refers to the condition in which prob-
abilities are unknown (or unknowable) to the decision
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maker (De Groot & Thurik, 2018). Common tasks measur-
ing risk include simple gambles devised by exper-
imenters (such as a 50% chance of winning $10 vs. a
100% chance of winning $5) as well as the Game of
Dice Task (Brand et al., 2002). Standard tasks involving
uncertainty include the “balloon analog risk” task
(BART; Lejuez et al., 2002) and the IOWA Gambling
Task (Bechara, Damasio, Damasio, & Anderson, 1994).
We included both types of tasks in our “risky decision
making” category, but coded for and analyzed potential
differences between decision-making tasks involving
risk v. uncertainty in our moderator analyses. Addition-
ally, among decision-making studies, we assessed
whether tasks involved the framing of decisions in
terms of gains or losses (for example, whether a
decision-making scenario involving a disease epidemic
is presented in terms of lives saved or lives
lost; Tversky & Kahneman, 1981), and whether they
used real (i.e. monetary) vs. hypothetical rewards
(Irwin, McClelland, & Schulze, 1992). Among risk esti-
mation studies, we compared the effect of fear on risk
likelihood estimates to the effect on estimates of the
subjective value of risky outcomes.

Methods
Literature search

Manual searches of the psychological and medical lit-
erature were conducted to gather articles investigating
the influence of fear on risk taking. Our search included
terms for the emotion words “fear” and “anxiety”, and
terms relevant to measuring risk (“risk aversion”, “risk
seeking”, “risk taking”, “perception of risk”, “estimates
of risk”, “risk estimates”, “decision-making”, “judgment
of risk”, “risk judgment”, “risk-averse”, “risk sensitivity”,
“risk preference”, “risk appraisal”, “risk perception”,
“risk avoidance”, “risk avoidant”). We entered all combi-
nations of one emotion word with one risk measure
term into Pubmed and PsycInfo. Studies published
prior to April 24, 2018, were included in the analysis.
The literature search yielded an initial database of

2,117 studies (Figure 1).

Criteria for inclusion of studies

Studies were assessed for inclusion based on the fol-
lowing two overarching criteria. First, studies were
included if fear was treated as an independent vari-
able or predictor. Here, studies varied in whether
fear was experimentally-induced or measured in a
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Figure 1. PRISMA chart for study set. The database search yielded 2117 articles. Abstract screening identified 104 relevant articles, 55 of which
met criteria for inclusion. In the case of studies reporting data insufficient for effect size calculation, 5 authors did not respond to our request for
supplementary results. Fifty studies were included in the current analysis, yielding 136 effect sizes from 68 independent samples. Search terms
and criteria for inclusion are provided in methods section. The reduction from the number of articles in the database search to included articles is
generally consistent with other meta-analyses that use broad and inclusive search terms for the initial database inquiry (see main text).

non-experimental paradigm. Studies that experimen-
tally induced fear used a variety of fear induction
methods (e.g. presenting frightening movie clips,
retrieving autobiographical memories; see coding
scheme below for a complete list). Studies that
implemented a non-experimental design were
included if they measured naturally varying trait fear
using established inventories: Fear Survey Schedule
2 (Bernstein & Allen, 1969), Fear of Negative Evaluation
Scale (Watson & Friend, 1969), Spielberger’s State-Trait
Anxiety Scale (1970), Mini International Neuropsychia-
tric Interview (Sheehan et al,, 1998), PANAS (Watson,
Clark, & Tellegen, 1988), Stanford Acute Stress Reac-
tion Questionnaire (Anxiety Subscale) (Cardefia,
Koopman, Classen, Waelde, & Spiegel, 2000), Beck
Anxiety Inventory (Beck, Epstein, Brown, & Steer,
1988), GADQ-IV (Newman et al., 2002), Web-Based
Depression and Anxiety Screen (Farvolden, McBride,
Bagby, & Ravitz, 2003), Anxiety Sensitivity Index

(Reiss et al., 1986), Multidimensional Anxiety Scale
for Children (March, Parker, Sullivan, Stallings, &
Conners, 1997), Hospital Anxiety Scale (Zigmond &
Snaith, 1983), Worry Domains Questionnaire (Tallis,
Davey, & Bond, 1994),' Taylor Manifest Anxiety Scale
(Taylor, 1953), Brief Symptom Inventory (Anxiety Sub-
scale) (Derogatis & Melisaratos, 1983).

Second, studies were included if they measured
risk taking as a dependent or outcome variable.
Here, studies varied in whether risk taking was opera-
tionalised in a decision-making task or in a risk-esti-
mation task. Decision-making studies involved
choice under conditions of risk or conditions of uncer-
tainty. Studies could measure risk taking by presenting
participants with tasks to perform in lab (e.g. gambles,
GDT, BART, IGT) or questionnaires aiming to quantify
real-world risky decision making, such as the Domain
Specific Risk Taking (DOSPERT) scale (Weber, Blais, &
Betz, 2002). These common tasks are not an



exhaustive list, however - decision-making studies
using analogous measures were included as well, pro-
vided they involved conditions of risk or uncertainty.
We also included risk-estimation tasks, in which par-
ticipants provided estimates of the likelihood and/or
subjective value of risky events. For example, partici-
pants might be asked what the likelihood is of being
in a car accident in their lifetime or how undesirable
they would estimate the experience to be. Notably,
the definition of risk utilised in the present meta-
analysis excludes distinct operationalizations of risk
that are commonly used in epidemiology and
health-related fields. Whereas we refer to risky
decision making as a choice between options that
differ in the variability of possible outcomes, risk in
the medical sense refers more strictly to the likelihood
of incurring loss or damage (e.g. a negative health
outcome; see Kaplan & Garrick, 1981).

Studies were excluded if the results reported were
insufficient to compute an effect size. If an otherwise eli-
gible study reported data insufficient for the calculation
of an effect size, we contacted the corresponding author
(s) requesting the missing component(s). However, this
approach failed to yield necessary information in some
cases. Since our interest is whether a person feels fear,
studies were excluded if they did not induce fear exper-
imentally or measure feelings of naturally varying fear
via trait fear inventories in a non-experimental design.
Some studies measured attitudes or beliefs about a
specific event (e.g. do you fear terrorist threats?
cancer? etc.), but if the experiment did not specifically
induce or measure whether participants currently
feeling fear or were trait anxious, they were excluded.

Of the 2,117 articles identified by the literature
search, 50 met our inclusion criteria, which yielded 136
effect size estimates from 68 independent samples
(see Figure 1). This reduction from the total search
volume to the number of studies included is typical for
meta-analyses that use broad and inclusive initial
search strategies. For example, several prior studies
using PRIMSA guidelines have final samples of 41 out
of 28,585 in the search (Morina, Koerssen, & Pollet,
2016), 13 from 3,292 (Dowling et al., 2017), 6 from 634
(Piet & Hougaard, 2011), 101 from 10,894 (Mayo-
Wilson et al., 2014), 40 from 5,384 (Bolier et al., 2013), etc.

Coding

A coding scheme was devised by surveying the litera-
ture and identifying features that varied across the
studies. A summary of the features, their levels, and
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the numbers of studies contributing to them is pro-
vided in Table 1.

Table 1. Effect sizes by Moderator Levels.

Independent
All Effect Sizes Samples
Mean Mean
Effect Effect
Moderator and Levels N Size SD N Size SD
Emotion Label Used by Authors
Fear 46 015 017 22 019 022
Anxiety 90 020 02346 022 025
Study Design
Experimental 52 0.15 020 28 0.16 0.23
Non-Experimental 65 0.16 0.19 30 0.6 0.20
Non-Experimental 19 033 027 10 030 037
Clinical)
Timing of Fear Inventory
In Lab, Prior to Risk Task 27 024 025 14 025 0.28
After Risk Task 9 018 008 3 022 0.0
Prior to Lab Visit 8 017 026 5 036 023
Presence of Additional Emotions Measured
No 13 018 024 6 023 035
Yes 1 041 026 7 030 025
Manipulation Check Prior to Risk-Taking Task
Yes 31 015 017 17 026 0.18
No 18 0.14 0.20 10 0.13 0.26
Control Group
Neutral 44 025 022 23 029 023
Angry 15 013 02110 020 0.22
Fear Induction Medium
Participant-Imagined 6 011 007 3 016 0.10
Scenario
Written Scenario (Provided 6 032 016 4 034 0.7
by Experimenter)
Video Clip 6 008 022 3 006 034
Static Image 8 033 019 4 035 023
Musical Mood Induction 8 017 0313 2 027 0.08
Autobiographical Recall 16 018 020 10 0.16 0.22
Social Evaluative Threat 1 071 NA 1 071 NA
Anticipation of Pain 1 002 NA 1 002 NA
Fear Induction Content
Normative 33 0.15 0.20 16 027 0.25
Idiographic 19 017 018 12 016 0.20
Risk-Taking Task
Risky Decision Making 73 019 027 44 021 029
Risk Estimation 63 017 012 24 022 011
Decision-Making Task
Simple Gamble 26 0.14 0.24 18 013 0.26
GDT 3 001 028 3 0.01 028
BART 14 037 040 8 038 040
IGT 2 033 001 2 033 001
DOSPERT 5 022 021 2 028 028
Estimation Task
Likelihood 43 017 01219 022 0.12
Utility 20 018 011 5 023 0.06
Risk Type
Risk 40 019 0.28 22 0.16 0.29
Uncertainty 33 018 02522 026 029
Frame
Gains 32 023 029 18 023 029
Losses 5 —-005 028 4 014 032
Tangible Reward
Yes 42 030 0.28 30 031 027
No 94 016 0.6 38 0.14 0.20
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Fear measurements

We coded for studies with experimental designs (i.e.
manipulating state fear) and non-experimental designs
(i.e. naturally varying trait fear). For fear measured in
non-experimental designs, we coded for whether the
study was conducted within a neurotypical population
or compared between neurotypical and clinically
fearful groups. Clinically fearful participants were diag-
nosed with one or more of the following conditions:
Generalized Anxiety Disorder (N=241), Social Phobia
(N =78), Panic Disorder (N = 47), Obsessive Compulsive
Disorder (N =21), Separation Anxiety (N = 3), Post-Trau-
matic Stress Disorder (N = 2), Adjustment Disorder with
Anxious Mood (N=1). Among experimental designs,
we coded for the presence of a manipulation check
prior to the task (as opposed to a manipulation check
administered after the risk task or pre-tested on subjects
not participating in the risk measure — or if no check was
administered at all). Among non-experimental designs,
we coded for the timing of fear inventory measures
(i.e. whether fear was measured before participants
arrived for the experiment, after arriving but prior to
the risk task, or after completing the risk task) and the
specificity of trait measures (i.e. the presence/absence
of separate emotion trait measures in addition to fear).
Additionally, among all studies we coded for the use
of either a neutral baseline or anger as the control
group condition.

Fear intensity

Among studies that experimentally induced fear and
also those that used non-experimental designs but
directly compared two groups (i.e. one high and one
low in fear), we recorded the strength of the fear induc-
tion (e.g. by recording the effect size of the difference in
reported fear between conditions or groups). We then
normalised these values (see below) to provide a more
continuous assessment that could be used to examine
how the strength of the fear inductions related to the
strength of the differences in risk taking.

Fear induction stimulus medium and content
specificity

For fear inductions, we coded for the following features.
First, we coded for stimulus medium; studies were
coded for whether the fear induction involved video
clips, static images, music, retrieval of autobiographical
memories, social evaluative threat, anticipation of pain,
scenarios imagined by participants, or written scenarios
provided by experimenters. Second, these studies were

grouped into those that used idiographic stimulus
content (i.e. participants were asked to self-generate
content that was fear-inducing) and normative stimulus
content (i.e. all participants received the same exper-
imenter-selected content).

Treatment of fear and anxiety

Fear and anxiety are rarely systematically distinguished,
theoretically or experimentally, in the studies included in
this meta-analysis or in the risk taking literature more
generally. To provide an initial examination of differ-
ences between fear and anxiety, we grouped studies
into those that referred to fear and those that referred
to anxiety on the basis of the authors’ descriptions. A
preliminary comparison of studies using the term fear
vs. using the term anxiety showed no significant differ-
ences in average effect size (see Table 1; F(1, 134)=
0.48, p = 0.49). Thus, the literature is currently inconclu-
sive as to whether there are differences in risk taking
that vary by fear and anxiety.

Risk task

Studies were coded for whether risk was measured
using risky decision making or risk estimation. Studies
using risk estimation were coded for whether they
assessed perceived risk likelihood or the subjective
value of risky outcomes. The subset of risky decision-
making studies was coded for four moderators.
Among decision-making tasks, we identified and
coded for five commonly used protocols. These were
simple gambles (e.g. a choice between a 50% chance
of winning $10 and a 100% chance of winning $5), the
Game of Dice Task (Brand et al, 2002), the Balloon
Analog Risk Task (BART; Lejuez et al., 2002), the IOWA
gambling task (Bechara et al., 1994), as well as the
DOSPERT scale (Blais & Weber, 2006). Of 73 decision-
making effect sizes, 50 used one of these standardised
tasks. Additionally, we coded separately for the follow-
ing variables: First, studies were placed either into the
category of risk (i.e. odds of outcomes specified) or
uncertainty (odds unspecified). Second, studies were
coded based on whether the outcomes were framed
in terms of gains, losses, or a mixture of both. Third,
studies were coded based on whether the outcomes
involved tangible (i.e. monetary) stakes or not (e.g.
hypothetical outcomes).

Analysis

All effect size estimates (e.g. Cohen’s d for studies with
group comparisons) were converted to correlation



coefficients (r). For studies (n = 4) reporting multiple
regression that did not provide corresponding r
values, we treated standardised beta coefficients (8)
as correlation coefficients, consistent with recommen-
dations in the literature (Peterson & Brown, 2005).
Effect sizes were assigned a positive sign to indicate
a relationship in the theoretically predicted direction
(i.e. increased fear associated with decreased risk
taking or increased risk estimation), or a negative
sign to indicate a relationship in the opposite direc-
tion. Fifty articles yielded a total of 136 effect sizes
including independent and non-independent effects
(i.e. multiple effects reported using the same subject
sample) and 68 independent effect sizes, comprising
9,544 participants in total.

To control for non-independence, we conducted
multilevel regression analyses of individual effect sizes
nested within independent samples,? implemented in
the Metafor package in R (Viechtbauer, 2010). All ana-
lyses treated sample as a random factor and utilised a
variance components covariance structure. For each
moderator, nominal categories/levels of the moderator
were dummy-coded and linear multiple regression
models were used to examine the association between
varying levels of the moderator and effect size. Hetero-
geneity in the effect was computed using Cochran’s Q,
which sums the squared deviations of each study’s esti-
mate from the mean effect size estimate produced by
the overall meta-analysis (Cochran, 1954).

Additionally, to assess the problem of publication
bias, a fail-safe N was computed - this value provides
an estimate of the number of null findings that would
need to be published to bring the significance of the
average effect size (relative to 0) above the 0.05 signifi-
cance threshold (one-tailed; Rosenthal, 1994).
Additionally, p values associated with each effect
size were calculated and input to a p curve, which pro-
vides another way of investigating publication bias by
tracking the frequency of p values at intervals
between 0.0 and 0.05. Clustering of p values near
the p=0.05 threshold presents evidence of potential
publication bias or p-hacking, whereas clustering of
p values approaching 0.0 suggests a true effect
(Simonsohn, Nelson, & Simmons, 2014).

Results
Overall strength and consistency of effect size

The results of the random effects model are summar-
ised in Figure 2. The estimated mean effect size for the
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Author, Year Effect Size [95% Cl]
Zhang, 2018 —— -052[-0.82,-0.23]
Vojten, 2017 -0.38[-0.76, 0.00]

Kugler, 2012 ——i -0.36[-055,-0.17]
Zhang, 2018 ——e—i -036[-071,-0.00]
Bagneux, 2012 —— -034[-051,-0.16]
Lauriola, 2004 et -023[-035,-0.11]
Constans, 2001 ———i—y -0.16[-0.55, 0.23]
Lorian, 2011 ) -0.15 (031, 0.01]
Stone, 1964 [ -0.10(-0.22, 0.02]
Nesse, 1994 [ 0.00[-0.20, 0.20]
Galvan, 2014 —_— 001[-035, 0.36]
Habib, 2015 — 0.01[-029, 032]
Stoeber, 1997 i 002[-0.22, 0.26]
Kowert, 1997 —m— 002[-0.16, 0.20]
Maner, 2007 - 002[-0.12, 0.16]
Charpentier, 2016 —e— 0.02[-0.24, 0.29]
Lench, 2005 - 004[-0.16, 0.24]
Stoeber, 1997 —— 0.04[-0.20, 0.28]
Hunt, 2005 —— 0.04[-0.18, 0.26]
Maner, 2007 ——i 0.04[-0.20, 0.28]
Nesse, 1994 i 004[-0.15, 0.24]
Maner, 2007 . 004[-0.14, 023]
Nesse, 1994 —— 005[-0.15, 0.25]
Chiou, 2009 i 0.05[-0.12, 0.23]
Kowert, 1997 [ . 006[-0.12, 0.24]
Panno, 2018 [, 006[-0.10, 0.22)
Charpentier, 2016 —te—i 006[-0.21, 033
Gu, 2017 e 0.06[-0.19, 0.31]
Stoeber, 1997 —— 007[-0.18, 0.33]
Maner, 2007 e 008[-0.11, 0.26]
Kowert, 1997 [ 0.08[-0.09, 0.25]
Lerner, 2003 i~ 0.08(0.01, 0.16]
Mitte, 2007 - 0.09[-009, 027)
Jakuszkowiak-Wojten, 2017 i 0.09[-0.22, 0.40]
Lerner, 2003 ™ 0.100.04, 0.16]
Chiou, 2009 —— 0.11[-0.20, 0.41]
Mite, 2007 o 0.11[-005, 027]
Lerner, 2003 1 0.11[0.03, 0.19]
Foo, 2009 - 0.11(-003; 0.25]
Lerner, 2003 - 0.11[0.04, 0.19]
Raghunathan, 1999 ——— 0.11[-0.18, 0.41]
Maner, 2006 — 012[-003, 027]
Maner, 2007 - 0.12[-0.02, 0.26]
Foo, 2009 . 0.12[-002, 0.26]
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Figure 2. Forest plot summarising the distribution of effect sizes (N=
136). The weighted mean effect size is r = 0.22. Negative values indi-
cate effects in the opposite direction (i.e. fear increases risk taking).
The relationship between fear and risk taking exhibits high variability
across studies with a range of [—0.52, 0.84].
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Figure 3. P-Curve analysis. The figure illustrates the distribution of p values (N = 136) for positive effect sizes (A and B) and negative effect sizes
(Q). (A) 76 positive effect sizes are statistically significant (p < 0.05) compared to 51 insignificant values. (B) Among studies reporting significant
decreases in risk taking caused by fear (0 < p < 0.05), number of publications increase as p-values decrease. This trend suggests that publication
bias and p-hacking are not major factors in the present distribution of studies investigating fear and risk taking. (C) Among negative effect sizes
(i.e. fear increases risk taking) 4 are significant (p <0.05), and 5 are not (including one outlier not shown; p = 0.44). Among 4 significant values, 3

are below p=0.01.

relationship between fear and risk taking is r=0.219
(SD=0.37, Z(136)=8.65, p<0.0001, two-tailed).
These results suggest a significant relationship
between increased fear and decreased risk taking
(i.e. decreased risky decision making and/or increased
estimation of risk). Based on the criteria set forth by
Cohen (2013), this effect is considered small-to-
medium in strength. The fail-safe N analysis estimates
that 10,264 studies producing null effects would need
to be published to bring the significance of the analy-
sis comparing this mean effect size to zero above p =
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0.05 (one-tailed). P curve analysis demonstrates that
studies reporting significant results tended to increase
in frequency as p-values decreased, suggesting there
was limited evidence of any potential p-hacking or
publication bias (Figure 3). The test for heterogeneity
indicated a high degree of heterogeneity in the
effect of fear on risk-taking, Q(135)=1210.8, p<
0.001. The heterogeneity was not explained by statisti-
cal power in that the variability of effect sizes was high
both for studies with high and low sample sizes (see
funnel plot, Figure 4). Overall, these results suggest
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Figure 4. Funnel plot for the relationship between effect sizes and standard error. If the effect size of fear on risk taking is consistent across
studies, outcomes should converge towards the mean effect size (r=0.22), as standard error decreases. Absence of this trend suggests hetero-
geneity is not explained by sampling error alone.



that, on average, there is a moderate and reliable
effect of fear on risk taking across studies, but also
that this relationship is not homogenous across
studies.

Moderator analyses

We next examined whether heterogeneity in the
influence of fear on risk taking could be explained
by several moderators.

Fear measurements

We first compared study designs that experimentally
induced fear with those measuring trait fear (non-
experimentally induced) in either clinical or non-clini-
cal populations (see Table 1 for mean effect sizes). Sig-
nificant differences were observed among the three
groups - experimentally induced fear, non-exper-
imentally measured fear (non-clinical population),
and non-experimentally measured fear (clinical popu-
lation), F(2, 133) =4.76, p = 0.009. This effect appeared
to be driven by differences between clinical and non-
clinical populations, rather than experimentally-
induced fear vs non-experimentally measured fear:
combining the clinical and non-clinical categories of
non-experimental fear, the comparison between
experimentally-induced fear and non-experimentally
measured fear was not significant, F(1, 134)=0.01, p
=0.92. A direct comparison of non-experimental
designs using clinical and non-clinical populations
showed larger effect sizes in the studies with clinical
populations than non-clinical populations, F(1, 82) =
481, p=0.02. At the same time, studies with clinical
populations also showed a high variability in effect
sizes (SDs in Table 1).

Indeed, studies using clinical samples ranged in
effect sizes from r=—-0.15 (Lorian & Grisham, 2011)
and r=0.00 (Nesse & Klaas, 1994) on the low end to
r=0.67 (Charpentier et al., 2017) and 0.80 and 0.84
(Ortega, Ramirez, Colmenero, & del Garcia-Viedma,
2017) on the high end. We were unable to investigate
differences among particular clinical diagnoses, as the
majority of the studies grouped all clinical participants
into one category rather than keeping separate the
individual diagnoses. Of the 16 effect sizes involving
GAD patients, 9 included patients with conditions
other than GAD. Among effect sizes using Panic Dis-
order (n =6), Social Phobia (n=9), OCD (n=6), PTSD
(n = 2), Separation Anxiety (n = 2), and Adjustment Dis-
order with Anxious Mood (n=2), no analyses had
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fewer than two diagnoses combined within the clini-
cal group.

Among non-experimental designs, it is possible
that the relationship between fear and risk taking
would depend on when inventories were used to
measure fear and how many other inventories were
included in the study. For example, demand charac-
teristics could be greater when inventories are
obtained beforehand, or if only a fear inventory was
acquired in the study, making it more likely that par-
ticipants will infer that the intent of the study is to
examine the influence of fear on risk taking. Contrary
to this idea, the effect of fear on risk taking did not
significantly vary between studies that administered
fear surveys prior to the day of the experiment,
during the experiment but prior to the risk task, or
after the risk task, F(2, 41)=0.34, p=0.71. Among
studies that issued emotion surveys in lab and prior
to the risk task, the presence of inventories measur-
ing emotions other than fear did not impact the
relationship between fear and risk taking, F(1,22) =
0.28, p = 0.60.

Among studies that experimentally induced fear, it
is possible that obtaining a manipulation check prior
to the risk taking measurement may also influence
the effect of fear on risk taking. A manipulation
check may heighten awareness of study goals to
examine fear and risk taking and increase demand
characteristics. In contrast to this notion, the presence
of a manipulation check prior to the risk task failed to
significantly impact the relationship between fear and
risk taking and, if anything, trended in the opposite
direction, F(1, 47) =3.56, p =0.06; see Table 1. A few
studies (n=15) also used anger rather than neutral
baselines as a control condition. The use of anger as
a control condition produced slightly lower effect
sizes than neutral controls, but this effect was not sig-
nificant, F(1,57) = 1.66, p = 0.20.

Fear induction medium and content specificity

We also compared effect size across different fear
induction mediums (e.g. movies, autobiographical
recall). We found that, among the various mediums
used to induce fear, a significant difference was
observed with regard to risk taking effect sizes, F(7,
44)=2.43, p=0.02. This difference was likely driven
by social evaluative threat, which produced an
effect size far larger than the other induction
mediums (of r=0.71) whereas the average effect
sizes of the other induction mediums were consider-
ably lower and closer to the overall mean effect (rs <
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.33; see Table 1). However, only one study used social
evaluative threat preventing any strong conclusions
from being drawn from this finding at present.
Finally, we examined the content specificity of fear
inductions, or specifically, whether the effect of fear
on risk taking differed when the conceptual content
of the fear induction was determined by the exper-
imenters (and thus more uniform across participants)
versus when participants decided the induction
content via their own conception of fear (i.e. autobio-
graphical memories or imagery that was more
unique or tailored to participants). Content specificity
had no significant relationship with effect size, F(1,
50)=0.43, p=0.51.

Fear intensity

It could be hypothesised that what might matter most
in the strength of the relationship between fear and
risk taking is not the specific experimental methods
used to elicit or assess fear, but the relative intensity
with which fear is experienced. If fear influences risk
taking in a dose-dependent way (i.e. greater fear,
greater risk aversion), then one might expect a mono-
tonic relationship between increasing fear intensity
and the extent of reduction in risk taking across
studies. Here, we operationalised fear intensity as
the magnitude of the self-reported difference in fear
separating low-fear and high-fear groups both in
experimental and non-experimental (trait fear)
studies. For each of the studies included in this analy-
sis, we calculated effect size (Z) for differences in fear
and anxiety levels using methods consistent with
those we used to calculate effect sizes for risk taking.
Group differences in fear produced Cohen’s d values,
which were converted to r before Fisher transforming.
We then used a Pearson’s correlation analysis to

A R=0.11,p=044_

R=0.16,p=0.36

oo}
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Risk-Taking Effect Size (2)
Risk-Taking Effect Size (2)

°

examine associations between fear effect sizes and
risk taking effect sizes (i.e. the difference in self-
reported fear and the difference in risk taking across
conditions) across studies. As illustrated in Figure 5,
we failed to find any significant relationship
between the magnitude of the fear effect size and
the magnitude of the risk taking effect size across
studies, r(51) =0.11, p = 0.44. Using fear intensity as a
continuous moderator within the multi-level model,
the analysis similarly found no significant effect, F(1,
51)=0.88, p=0.35. Thus, studies in which groups
differed the most in self-reported fear did not systemi-
cally exhibit the greatest reductions in risk taking or
increases in risk estimation.

Risk taking task
Next, we focused on whether the various ways to
measure risk taking also contributed to variability in
effect sizes. Here, the only moderator that was signifi-
cantly related with effect size was the consequences at
stake for participants completing risky decision-
making tasks. Among decision-making studies, fear
induced greater risk aversion in studies presenting
tangible rewards (mean r=.31, SD=.27) compared
to studies that offered no tangible reward (mean r
=.14, SD=.20), F(1, 71) =5.15, p=0.02. However, the
variability in effect sizes for studies with tangible
rewards also remained high and spanned the full
range from r=-0.52 (Zhang & Gu, 2018) and r=
—0.38 (Jakuszkowiak-Wojten et al., 2017) on the low
end to r=0.72 (Ramirez, Ortega, & Reyes Del Paso,
2015) and 0.80 and 0.84 (Ortega et al,, 2017) on the
high end.

The remaining moderator variables relating to the
measurement of risk taking were non-significant.
Specifically, we found no significant differences
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Figure 5. Risk taking effect sizes (Z) do not significantly increase as fear intensity increases (Z) for (A) all studies combined (r=0.11, N=53,p=
0.44), (B) experimental designs (r=0.16, N=37, p=0.36), or (C) non-experimental designs (r=—0.014, N=16, p = 0.96).



between tasks requiring subjects to make decisions
involving risk and those requiring them to estimate
risk (see Table 1; F(1, 134)=0.17, p=0.69). Among
risk estimation effect sizes, we observed no significant
difference between studies involving estimates of like-
lihood and estimates of subjective value, F(1,61)=
0.08, p=0.78. For studies using either simple
gambles, GDT, BART, IGT or the DOSPERT scale, we
observed no significant differences in the relationship
between fear and risk taking among these five tasks, F
(4, 45) = 0.83, p = 0.50. The effect of fear on risk taking
also failed to differ significantly between decision
making tasks utilising conditions of uncertainty vs
conditions of risk, F(1, 71)=0.66, p=0.41. Further-
more, the effect of fear on risk taking did not signifi-
cantly differ between studies where outcomes in the
risky decision-making task were presented in a gain
frame vs a loss frame, F(1,35) = 0.60, p = 0.44.

Discussion

In this study, we used meta-analytic methods to
examine the strength and consistency of the relation-
ship between fear and risk taking. Our goal was to
provide a quantitative summary of extant results and
a systematic examination of potential moderators of
the relationship. Using a multi-level, random effects
model across 136 effect sizes, we observed a highly
reliable influence of fear on risk taking with an
average effect size of r=0.219, suggesting that fear
is associated with decreased risk taking (i.e. decreased
risky decision making and increased risk estimation).
This relationship is considered to be “small to moder-
ate” in strength (Cohen, 2013). At the same time, we
observed substantial variability in effect sizes (quan-
tified by Q(135) =1210.8, and visualized in the funnel
plot in Figure 4). In a small set of studies, fear was
even associated with significantly greater risk taking
(Figure 2; Bagneux, Bollon, & Dantzer, 2012; Jakuszko-
wiak-Wojten et al., 2017; Kugler, Connolly, & Ordéiez,
2012; Lauriola, Russo, Lucidi, Violani, & Levin, 2005).
These findings suggest that the relationship
between fear and risk taking is also heterogeneous
and underscores the importance of investigating
moderating variables for this effect.

We coded for several features that varied across
studies to investigate their role in moderating the
relationship between fear and risk taking (Table 1).
With regard to the measurement and induction of
fear, there were larger effect sizes on average when
the study used a non-experimental design with

COGNITION AND EMOTION 11

clinical samples (r=.32) than when it involved a
non-experimental design with non-clinical samples
(r=.16) or even an experimental induction of fear
(r=.15). Yet, even just among the studies with clini-
cal samples, the variability in effect sizes was quite
high as indicated by the SD (Table 1) and range.
With regard to the measurement of risk, there was
a stronger effect when the risk task involved a tangi-
ble reward (e.g. monetary; r=.30) than a non-tangi-
ble reward (r=.16). Yet again, the variability in
effect sizes was high for studies with tangible
rewards (Table 1). These findings require a balanced
conclusion. They suggest that studies with clinical
populations and tangible rewards may demonstrate
larger effects of fear on risk taking, but that even in
these cases, the relationship between fear and risk
taking is heterogeneous and requires further
investigation.

Consistent with our finding that the effect of fear
on risk taking was stronger in risk-taking contexts
with tangible rewards, there is evidence to suggest
that people are less risk-taking on average when
dealing with real money than hypothetical money
(Irwin et al., 1992). It has been theorised that hypothe-
tical rewards do not provide adequate motivation to
decision makers, and thus they tend to choose low-
effort options by default over options that would opti-
mise their gains (Smith & Walker, 1993). Perhaps ade-
quate motivation is required for decision makers to
detect and incorporate emotional cues in a robust
way, and thus the process is less susceptible to the
influence of fear when dealing with hypothetical
rewards than tangible ones. Another possible expla-
nation stems from the view that making a risky
decision is itself affectively evocative (Loewenstein
et al, 2001; Slovic & Peters, 2006). Decision making
involving actual rewards may perhaps be more affec-
tively evocative than hypothetical rewards. Future
work may examine possible causal mechanisms to
explain the increased influence of fear on risk taking
when utilising tangible vs. hypothetical outcomes. In
doing so, it would be of importance to examine the
mean influence of fear on risk across a wide variety
of paradigms as well as the extent and possible
causes of variability in effect sizes. For example,
research using monetary decision making tasks has
shown that the payout schedule (i.e. whether
payouts are honoured for all trials or a subset of
trials) may also influence risk taking (Schmidt &
Hewig, 2015); although we coded for this character-
istic, there were too few studies that used only one
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(n=2) or a subset of trials (n = 6) to determine payouts
to conduct an informative moderator analysis.

Our meta-analytic review also makes clear several
gaps in the literature on fear and risk taking.
Different theoretical traditions in emotion research
make competing suggestions for how the fear and
risk taking relationship may depend on the specific
nature of the fear induction. For example, construc-
tionist models of emotion propose that the experience
of fear may vary widely depending on both the indi-
vidual and the situational context (Barrett, 2017; Lind-
quist & Barrett, 2008; Satpute & Lindquist, 2019). Fear
of a predator may involve different features (Mobbs &
Kim, 2015) than fear of heights, fear of having a
difficult conversation with a parent, or fear of test
taking (Barrett, 2006; James, 1884; Satpute & Lindquist,
2019). Some fears are experienced as unpleasurable,
but others as pleasurable (Condon et al., 2014). From
this perspective, it would be of interest to measure
the variety of features that constitute fear in
different situations and examine how these features
relate with risk taking (see also Baumann & DeSteno,
2012, for an example of how context impacts the
influence of anger on risk taking).

Future work may also investigate the complexity of
the risk situation. Most research studies emphasise a
single dimension along which risk is manipulated
(e.g. monetary risk), holding other sources of potential
risk constant. Yet, in everyday situations, risk may be
present along multiple dimensions (Lynn, Wormwood,
Barrett, & Quigley, 2015). For example, Kugler, Con-
nolly, and Ordénez (2012) measured “person-based
risk”, in which a safe monetary outcome required par-
ticipants to take a risk in the social domain by forsak-
ing cooperation and thus risking social repercussion.
There has also been a call for developing risk taking
tasks that are more naturalistic (Schonberg, Fox, & Pol-
drack, 2011). Future work that examines both fear and
risk taking as complex, multifaceted constructs, may
help uncover moderators that explain the heterogen-
eity we observed and also support generalisation of
extant findings to fear and risk taking in everyday life.

Our meta-analysis focused on incidental influences
of fear and anxiety on risk. That is, we specifically
examined situations in which fear and anxiety were
incidental to (i.e. not directly related to) the content
of the risky situations themselves. Presumably, such
studies enable a better look at the underlying psycho-
logical mechanisms (e.g. by reducing demand charac-
teristics or mitigating internal consistency goals).
However, there is also a large body of work in

applied contexts that examines fears and anxieties
that are integral to (i.e. normatively relevant for or tai-
lored to) the risk taking context (Consedine & Mosko-
witz, 2007; Ferrer & Klein, 2015). For example,
researchers have examined how anticipated fear and
regret when evaluating a gamble influences gambling
decisions (Larrick & Boles, 1995; Mellers, Schwartz, Ho,
& Ritov, 1997) and how fears and anxieties pertaining
to cancer relate with obtaining screenings for breast
cancer (Consedine, Magai, Krivoshekova, Ryzewicz, &
Neugut, 2004). This work suggests that cancer-
related fears and anxieties are not monolithic but het-
erogeneous. They include fear of pain during examin-
ation, fear of the uncertainty about whether one has
cancer or not, fear of having cancer, and more dimen-
sions that can interact to promote or prevent a person
from obtaining a screening (Consedine et al., 2004).
Such work dovetails with the idea that laboratory
paradigms, too, may benefit from more finely decon-
structing experiments in terms of the specific contents
elicited by the fear induction and their relation to the
attributes of particular risk taking situations.

While our focus was on behavioural research, there
is also a sizeable literature on the neural basis of fear
and risk. Most neural studies examine fear and
anxiety separately from risk (Lindquist, Wager, Kober,
Bliss-Moreau, & Barrett, 2012; Satpute & Lindquist,
2019; Vytal & Hamann, 2010), or risk separately from
fear and anxiety (Mohr, Biele, & Heekeren, 2010; Wu,
Sacchet, & Knutson, 2012), even though it has been
noted across these literatures that fear and anxiety,
risk perception and risk taking, frequently engage
some of the same areas in common including the
insula, dorsal anterior cingulate cortex/pre-sup-
plementary motor area, and amygdala (Hartley &
Phelps, 2012; Kuhnen & Knutson, 2005; Mohr et al.,
2010). One study that specifically examined the
neural mediators between trait anxiety and risk
found that frontal midline theta power during the
decision phase was associated with reduced risk
taking and also mediated the relationship between
trait anxiety and reduced risk (Schmidt, Kanis,
Holroyd, Miltner, & Hewig, 2018). Frontal midline
theta power has been previously linked with activity
in the mid cingulate cortex (Cavanagh & Shackman,
2015), which in turn has been linked to both anxiety
and cognitive control (Cavanagh & Shackman, 2015;
Eisenberger, Lieberman, & Satpute, 2005). Physiologi-
cal arousal also plays a role in risk seeking and risk
avoidant behaviour (Schmidt, Mussel, & Hewig, 2013)
and may also involve some of these same neural loci



(Critchley, Mathias, & Dolan, 2001). In relation to our
meta-analytic findings, a better understanding of
these neural and physiological components may
help reveal when fear and anxiety are associated
with increased risk aversion or at times with risk
seeking.

In conclusion, our meta-analytic review suggests
that many studies have observed a relationship
between fear and risk taking, but this relationship is
highly variable across studies. The literature in
general involves a wide variety of heterogeneous
methods for inducing and measuring fear, and also
for measuring risk. This variance across studies was par-
tially explained by some of our moderators. Studies
with clinically anxious samples showed greater risk
aversion on average, and studies using tangible
rewards (e.g. monetary rewards) also showed greater
effects of fear on risk aversion. Nevertheless, there
remains high variability in effect sizes across studies
suggesting that there is need to test the uniformity of
the relationship between fear/anxiety and risk.
Research that manipulates and measures fear and
anxiety, risk perception and risk taking, using
methods that systematically capture different under-
lying features will be important to understand
whether their functional relationship is singular or het-
erogeneous and also for which situations laboratory
studies generalise to more naturalistic settings.

Notes

1. One non-independent effect size included self-reported
scores on the Worry Domains Questionnaire in addition
to STAL Critically, we inspected the WDQ v. the STAI
and found that both scales have similar items. In fact,
the STAI uses “worry” among its items in the question-
naire. Correlations between the two are also high: r=
0.71 and r=0.73 in two separate studies (Davey, 1993; Rij-
soort, Emmelkamp, & Vervaeke, 1999). Moreover, the
WDQ provides no instructions to distinguish worry from
anxiety. Because the WDQ includes questions analogous
to anxiety surveys, but simply refers to the scale as
“worry”, we considered it simply a linguistic distinction
rather than a conceptual one. Notably, including this
one non-independent effect had no impact on the
results nor the conclusions of our meta-analysis.

2. Parallel analyses where non-independent effect sizes
were aggregated to allow for standard multiple
regression analyses revealed the same pattern of results.

Acknowledgments

Research reported in this publication was supported by National
Cancer Institute of the National Institutes of Health under award

COGNITION AND EMOTION 13

number U01CA193632, by the Department of Graduate Edu-
cation of the National Science Foundation, NCS award number
1835309.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Research reported in this publication was supported by National
Cancer Institute of the National Institutes of Health under award
number U01CA193632, by the Department of Graduate Edu-
cation of the National Science Foundation, NCS award number
1835309. Division of Graduate Education.

ORCID

Ajay B. Satpute (2 http://orcid.org/0000-0003-0227-0816

References

*indicate that the reference was in the meta-analysis.

Adolphs, R., & Anderson, D. J. (2018). The Neuroscience of emotion:
A New Synthesis. Princeton: Princeton University Press.

Angie, A. D., Connelly, S., Waples, E. P., & Kligyte, V. (2011). The
influence of discrete emotions on judgement and decision-
making: A meta-analytic review. Cognition & Emotion, 25(8),
1393-1422. https://doi.org/10.1080/02699931.2010.550751

*Bagneux, V., Bollon, T,, & Dantzer, C. (2012). Do (un)certainty
appraisal tendencies reverse the influence of emotions on
risk taking in sequential tasks? Cognition and Emotion, 26(3),
568-576. https://doi.org/10.1080/02699931.2011.602237

Barrett, L. F. (2006). Solving the emotion paradox: Categorization
and the experience of emotion. Personality and Social
Psychology Review, 10(1), 20-46. https://doi.org/10.1207/
$15327957pspr1001_2

Barrett, L. F. (2017). The theory of constructed emotion: An active
inference account of interoception and categorization. Social
Cognitive and Affective Neuroscience, 12(1), 34-36. https://doi.
org/10.1093/scan/nsw154

Baumann, J., & DeSteno, D. (2012). Context explains divergent
effects of anger on risk taking. Emotion, 12(6), 1196-1199.
https://doi.org/10.1037/a0029788

Bechara, A., Damasio, A. R, Damasio, H., & Anderson, S. W. (1994).
Insensitivity to future consequences following damage to
human prefrontal cortex. Cognition, 50(1-3), 7-15.

Beck, A, Epstein, N., Brown, G., & Steer, R. (1988). An inventory for
measuring clinical anxiety: Psychometric properties.. Journal
of Consulting and Clinical Psychology, 56(6), 893-897.

Bernstein, D. A, & Allen, G. J. (1969). Fear survey schedule (ll): nor-
mative data and factor analyses based upon a large college
sample. Behaviour Research and Therapy, 7(4), 403-407.
https://doi.org/10.1016/0005-7967(69)90072-2

Blais, A.-R., & Weber, E. U. (2006). A domain-specific risk-taking
(DOSPERT) scale for adult populations. Judgment and
Decision Making, 1(1), 33-47.


http://orcid.org/0000-0003-0227-0816
https://doi.org/10.1080/02699931.2010.550751
https://doi.org/10.1080/02699931.2011.602237
https://doi.org/10.1207/s15327957pspr1001_2
https://doi.org/10.1207/s15327957pspr1001_2
https://doi.org/10.1093/scan/nsw154
https://doi.org/10.1093/scan/nsw154
https://doi.org/10.1037/a0029788
https://doi.org/10.1016/0005-7967(69)90072-2

14 (&) S.WAKEETAL.

Bolier, L., Haverman, M., Westerhof, G. J., Riper, H., Smit, F.,
& Bohlmeijer, E. (2013). Positive psychology interventions:
A meta-analysis of randomized controlled studies. BMC
Public Health, 13, 1-20. https://doi.org/10.1186/1471-2458-
13-119

Brand, M. Greco, R, Schuster, A, Kalbe, E., Fujiwara, E.,
Markowitsch, H. J., & Kessler, J. (2002). The game of dice—A
new test for the assessment of risktaking behavior.
Neurorehabilitation & Neural Repair, 16, 142-143.

*Broman-Fulks, J. J,, Urbaniak, A, Bondy, C. L., & Toomey, K. J.
(2014). Anxiety sensitivity and risk-taking behavior. Anxiety,
Stress, & Coping, 27(6), 619-632. https://doi.org/10.1080/
10615806.2014.896906

Brown, J. D., & Walsh-Childers, K. (2002). Effects of media on per-
sonal and public health. In J. Bryant. & Mary Beth O. (Eds.),
Media effects: Advances in theory and research (Vol 2, pp.
453-488). Mahwah, NJ: Lawrence Erlbaum Associates.

Cardena, E., Koopman, C, Classen, C., Waelde, L. C,, & Spiegel, D.
(2000). Psychometric properties of the Stanford Acute Stress
Reaction Questionnaire (SASRQ): A valid and reliable
measure of acute stress. Journal of Traumatic Stress, 13(4),
719-734. https://doi.org/10.1023/A:1007822603186

Cavanagh, J. F., & Shackman, A. J. (2015). Frontal midline theta
reflects anxiety and cognitive control: Meta-analytic evidence.
Journal of Physiology-Paris, 109(1-3), 3-15. https://doi.org/10.
1016/j.jphysparis.2014.04.003

*Charpentier, C. J., Aylward, J., Roiser, J. P, & Robinson, O. J.
(2017). Enhanced risk aversion, but not loss aversion, in unme-
dicated pathological anxiety. Biological Psychiatry, 81(12),
1014-1022. https://doi.org/10.1016/j.biopsych.2016.12.010

*Charpentier, C. J,, Hindocha, C, Roiser, J. P, & Robinson, O. J.
(2016). Anxiety promotes memory for mood-congruent
faces but does not alter loss aversion. Scientific Reports, 6,
24746. https://doi.org/10.1038/srep24746

*Chiou, W.-B., Chang, M.-H., & Chen, C.-L. (2009). The moderating
role of personal relevance on differential priming of anxiety
and sadness on perceived Travel risk: A replication.
Psychological Reports, 104(2), 500-508. https://doi.org/10.
2466/PR0.104.2.500-508

Chua Chow, C, & Sarin, R. K. (2002). Known, unknown, and
unknowable uncertainties. Theory and Decision, 52(2), 127-
138. https://doi.org/10.1023/A:1015544715608

Clore, G. L., & Ortony, A. (2013). Psychological construction in the
OCC model of emotion. Emotion Review, 5(4), 335-343. https://
doi.org/10.1177/1754073913489751

Cochran, W. G. (1954). The combination of estimates from
different experiments. Biometrics, 10(1), 101. https://doi.org/
10.2307/3001666

Cohen, J. (2013). Statistical power analysis for the behavioral
sciences. New York: Academic Press.

Condon, P., Wilson-Mendenhall, C. D., & Barrett, L. F. (2014). What
is a positive emotion?: The psychological construction of plea-
sant fear and unpleasant happiness. In M. M. Tugade, M. N.
Shiota, & L. D. Kirby (Eds.), Handbook of positive emotions
(pp. 60-81). New York, NY: Guilford Press.

Consedine, N. S., Magai, C,, Krivoshekova, Y. S., Ryzewicz, L., &
Neugut, A. I. (2004). Fear, anxiety, worry, and breast cancer
screening behavior: A critical review. Cancer Epidemiology,
Biomarkers & Prevention: A Publication of the American
Association for Cancer Research, Cosponsored by the
American Society of Preventive Oncology, 13(4), 501-510.

Consedine, N. S., & Moskowitz, J. T. (2007). The role of discrete
emotions in health outcomes: A critical review. Applied and
Preventive Psychology, 12(2), 59-75. https://doi.org/10.1016/j.
appsy.2007.09.001

*Constans, J. I. (2001). Worry propensity and the perception of
risk. Behaviour Research and Therapy, 39(6), 721-729. https://
doi.org/10.1016/S0005-7967(00)00037-1

Critchley, H. D., Mathias, C. J., & Dolan, R. J. (2001). Neural activity
in the human brain relating to uncertainty and arousal during
anticipation. Neuron, 29(2), 537-545. https://doi.org/10.1016/
50896-6273(01)00225-2

Davey, G. C. (1993). A comparison of three worry questionnaires.
Behaviour Research and Therapy, 31(1), 51-56. https://doi.org/
10.1016/0005-7967(93)90042-S

De Groot, K., & Thurik, R. (2018). Disentangling risk and uncer-
tainty: When risk-taking measures are not about risk.
Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyg.2018.
02194

Derogatis, L. R, & Melisaratos, N. (1983). The Brief Symptom
inventory: An introductory report. Psychological Medicine, 13
(3), 595-605. https://doi.org/10.1017/50033291700048017

*Dorfman, J., Rosen, D., Pine, D., & Ernst, M. (2016). Anxiety and
gender influence reward-related processes in children and

adolescents.  Journal  of Child and  Adolescent
Psychopharmacology, 26(4), 380-390. https://doi.org/10.
1089/cap.2015.0008

Dowling, N. A., Merkouris, S. S., Greenwood, C. J.,, Oldenhof, E.,
Toumbourou, J. W., & Youssef, G. J. (2017). Early risk and pro-
tective factors for problem gambling: A systematic review and
meta-analysis of longitudinal studies. Clinical Psychology
Review, 51, 109-124. https://doi.org/10.1016/j.cpr.2016.10.008

Eisenberger, N. I, Lieberman, M. D., & Satpute, A. B. (2005).
Personality from a controlled processing perspective: An
fMRI study of neuroticism, extraversion, and self-conscious-
ness. Cognitive, Affective, & Behavioral Neuroscience, 5(2),
169-181. https://doi.org/10.3758/CABN.5.2.169

Ekman, P., & Cordaro, D. (2011). What is meant by calling
emotions basic. Emotion Review, 3(4), 364-370. https://doi.
org/10.1177/1754073911410740

Ellsworth, P. C,, & Scherer, K. R. (2003). Appraisal processes in
emotion. In R. J. Davidson, K. R. Scherer, & H. H. Goldsmith
(Eds.), Series in affective science. Handbook of affective sciences
(p. 572-595). New York, NY, USA: Oxford University Press.

Fanselow, M. S. (1991). The Midbrain Periaqueductal Gray as a
Coordinator of Action in Response to fear and anxiety. In A.
Depaulis & R. Bandler (Eds.), The Midbrain Periaqueductal
Gray matter: Functional, Anatomical, and Neurochemical
Organization (pp. 151-173). New York: Plenum Press. https://
doi.org/10.1007/978-1-4615-3302-3_10

Farvolden, P., McBride, C.,, Bagby, R. M., & Ravitz, P. (2003). A Web-
based screening instrument for depression and anxiety dis-
orders in primary care. Journal of Medical Internet Research,
5(3), e23. https://doi.org/10.2196/jmir.5.3.e23

Ferrer, R, & Klein, W. M. (2015). Risk perceptions and health
behavior. Current Opinion in Psychology, 5, 85-89. https://
doi.org/10.1016/j.copsyc.2015.03.012

*Foo, M. (2011). Emotions and entrepreneurial opportunity evalu-
ation. Entrepreneurship Theory and Practice, 35(2), 375-393.
https://doi.org/10.1111/j.1540-6520.2009.00357 x

*Galvén, A, & Peris, T. S. (2014). Neural correlates of risky
decision making in anxious youth and healthy controls.


https://doi.org/10.1186/1471-2458-13-119
https://doi.org/10.1186/1471-2458-13-119
https://doi.org/10.1080/10615806.2014.896906
https://doi.org/10.1080/10615806.2014.896906
https://doi.org/10.1023/A:1007822603186
https://doi.org/10.1016/j.jphysparis.2014.04.003
https://doi.org/10.1016/j.jphysparis.2014.04.003
https://doi.org/10.1016/j.biopsych.2016.12.010
https://doi.org/10.1038/srep24746
https://doi.org/10.2466/PR0.104.2.500-508
https://doi.org/10.2466/PR0.104.2.500-508
https://doi.org/10.1023/A:1015544715608
https://doi.org/10.1177/1754073913489751
https://doi.org/10.1177/1754073913489751
https://doi.org/10.2307/3001666
https://doi.org/10.2307/3001666
https://doi.org/10.1016/j.appsy.2007.09.001
https://doi.org/10.1016/j.appsy.2007.09.001
https://doi.org/10.1016/S0005-7967(00)00037-1
https://doi.org/10.1016/S0005-7967(00)00037-1
https://doi.org/10.1016/s0896-6273(01)00225-2
https://doi.org/10.1016/s0896-6273(01)00225-2
https://doi.org/10.1016/0005-7967(93)90042-S
https://doi.org/10.1016/0005-7967(93)90042-S
https://doi.org/10.3389/fpsyg.2018.02194
https://doi.org/10.3389/fpsyg.2018.02194
https://doi.org/10.1017/S0033291700048017
https://doi.org/10.1089/cap.2015.0008
https://doi.org/10.1089/cap.2015.0008
https://doi.org/10.1016/j.cpr.2016.10.008
https://doi.org/10.3758/CABN.5.2.169
https://doi.org/10.1177/1754073911410740
https://doi.org/10.1177/1754073911410740
https://doi.org/10.1007/978-1-4615-3302-3_10
https://doi.org/10.1007/978-1-4615-3302-3_10
https://doi.org/10.2196/jmir.5.3.e23
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1016/j.copsyc.2015.03.012
https://doi.org/10.1111/j.1540-6520.2009.00357.x

Depression and Anxiety, 31(7), 591-598. https://doi.org/10.
1002/da.22276

*Gambetti, E., & Giusberti, F. (2014). The role of anxiety and anger
traits in financial field. Mind & Society, 13(2), 271-284. https://
doi.org/10.1007/s11299-014-0150-z

*Giorgetta, C,, Grecucci, A, Zuanon, S., Perini, L., Balestrieri, M.,
Bonini, N., ... Brambilla, P. (2012). Reduced risk-taking behav-
ior as a trait feature of anxiety. Emotion (Washington, D.C.), 12
(6), 1373-1383. https://doi.org/10.1037/a0029119

Glassner, B. (2010). The culture of fear: Why Americans are afraid of
the wrong things: Crime, drugs, minorities, teen moms, killer
kids, muta. Hachette, UK: Basic Books.

*Gu, R, Wu, R, Broster, L. S,, Jiang, Y., Xu, R, Yang, Q,, ... Luo, Y.-J.
(2017). Trait anxiety and economic risk avoidance are not
necessarily associated: Evidence from the framing effect.
Frontiers in Psychology, 8, 92. https://doi.org/10.3389/fpsyg.
2017.00092

*Habib, M., Cassotti, M., Moutier, S., Houdé, O., & Borst, G. (2015).
Fear and anger have opposite effects on risk seeking in the
gain frame. Frontiers in Psychology, 6, 253. https://doi.org/10.
3389/fpsyg.2015.00253

Hartley, C. A, & Phelps, E. A. (2012). Anxiety and decision-making.
Biological Psychiatry, 72(2), 113-118. https://doi.org/10.1016/j.
biopsych.2011.12.027

*Howlett, J. R, & Paulus, M. P. (2017). Individual differences in
subjective Utility and risk Preferences: The influence of
Hedonic Capacity and trait anxiety. Frontiers in Psychiatry, 8,
88. https://doi.org/10.3389/fpsyt.2017.00088

*Huh, H. J,, Baek, K., Kwon, J.-H., Jeong, J., & Chae, J.-H. (2016).
Impact of childhood trauma and cognitive emotion regulation
strategies on risk-aversive and loss-aversive patterns of
decision-making in patients with depression. Cognitive
Neuropsychiatry, 21(6), 447-461. https://doi.org/10.1080/
13546805.2016.1230053

*Hunt, M. K,, Hopko, D. R, Bare, R., Lejuez, C. W., & Robinson, E. V.
(2005). Construct validity of the balloon analog risk task
(BART): associations with psychopathy and impulsivity.
Assessment, 12(4), 416-428. https://doi.org/10.1177/
1073191105278740

Irwin, J.R, McClelland, G. H., & Schulze, W.D. (1992). Hypothetical and
real consequences in experimental auctions for insurance against
low-probability risks. Journal of Behavioral Decision Making, 5(2),
107-116. https://doi.org/10.1002/bdm.3960050203

*Jakuszkowiak-Wojten, K., Raczak, A., Landowski, J., Wiglusz, M. S.,
Gatuszko-Wegielnik, M., Krysta, K, & Cubata, W. J. (2017).
Decision-making in panic disorder. Preliminary report.
Psychiatria Danubina, 29(Suppl 3), 353-356. https://
europepmc.org/abstract/med/28953790

James, W. (1884). I.—What is an emotion? Mind; A Quarterly
Review of Psychology and Philosophy, os-IX(34), 188-205.
https://doi.org/10.1093/mind/os-1X.34.188

*Juhasz, G., Downey, D., Hinvest, N., Thomas, E., Chase, D., Toth, Z.
G., ... Anderson, I. M. (2010). Risk-taking behavior in a gam-
bling task associated with variations in the Tryptophan
Hydroxylase 2 Gene: Relevance to psychiatric disorders.
Neuropsychopharmacology, 35(5), 1109-1119. https://doi.org/
10.1038/npp.2009.216

Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis
of decision under risk. Econometrica, 47(2), 263-291. https://
doi.org/10.2307/1914185

COGNITION AND EMOTION 15

Kaplan, S., & Garrick, B. J. (1981). On the quantitative definition of
risk. Risk Analysis, 1(1), 11-27. https://doi.org/10.1111/j.1539-
6924.1981.tb01350.x

*Kowert, P. A,, & Hermann, M. G. (1997). Who takes risks?: Daring
and caution in foreign policy making. Journal of Conflict
Resolution, 41(5), 611-637. https://doi.org/10.1177/
0022002797041005001

*Kugler, T., Connolly, T, & Orddiiez, L. D. (2012). Emotion,
decision, and risk: Betting on gambles versus betting on
people. Journal of Behavioral Decision Making, 25(2), 123-
134. doi:10.1002/bdm.724

Kuhnen, C. M., & Knutson, B. (2005). The neural basis of financial
risk taking. Neuron, 47(5), 763-770. https://doi.org/10.1016/j.
neuron.2005.08.008

Larrick, R. P., & Boles, T. L. (1995). Avoiding regret in decisions
with Feedback: A negotiation example. Organizational
Behavior and Human Decision Processes, 63(1), 87-97. https://
doi.org/10.1006/0bhd.1995.1064

*Lauriola, M., Russo, P. M., Lucidi, F., Violani, C., & Levin, I. P. (2005).
The role of personality in positively and negatively framed
risky health decisions. Personality and Individual Differences,
38(1), 45-59. https://doi.org/10.1016/j.paid.2004.03.020

LeDoux, J. E. (2015). Anxious: Using the brain to understand and
treat fear and anxiety. New York: Penguin.

*Lee, C. J., & Andrade, E. B. (2011). Fear, social projection, and
financial decision making. Journal of Marketing Research, 48
(SPL), S121-5129. https://doi.org/10.1509/jmkr.48.SPL.S121

Lejuez, C. W., Read, J. P, Kahler, C. W., Richards, J. B, Ramsey, S. E.,
Stuart, G. L., ... Brown, R. A. (2002). Evaluation of a behavioral
measure of risk taking: The balloon analogue risk task (BART).
Journal of Experimental Psychology. Applied, 8(2), 75-84.

*Lench, H., & Levine, L. (2005). Effects of fear on risk and control
judgements and memory: Implications for health promotion
messages. Cognition and Emotion, 19(7), 1049-1069. https://
doi.org/10.1080/02699930500203112

*Lerner, J. S., Gonzalez, R. M., Small, D. A., & Fischhoff, B. (2003).
Effects of fear and anger on perceived risks of Terrorism: A
National Field experiment. Psychological Science, 14(2), 144-
150. https://doi.org/10.1111/1467-9280.01433

*Lerner, J. S., & Keltner, D. (2000). Beyond valence: Toward a
model of emotion-specific influences on judgement and
choice. Cognition and Emotion, 14(4), 473-493. https://doi.
org/10.1080/026999300402763

*Lerner, J. S., & Keltner, D. (2001). Fear, anger, and risk. Journal of
Personality and Social Psychology, 81(1), 146-159.

Lerner, J. S, Li, Y., Valdesolo, P., & Kassam, K. S. (2015). Emotion and
decision making. Annual Review of Psychology, 66(1), 799-823.
https://doi.org/10.1146/annurev-psych-010213-115043

Levenson, R. W. (2011). Basic emotion questions. Emotion Review,
3(4), 379-386. https://doi.org/10.1177/1754073911410743

Lindquist, K. A, & Barrett, L. F. (2008). Constructing emotion: The
experience of fear as a conceptual act. Psychological Science, 19
(9), 898-903. https://doi.org/10.1111/j.1467-9280.2008.02174.x

Lindquist, K. A,, Wager, T. D., Kober, H., Bliss-Moreau, E., & Barrett,
L. F. (2012). The brain basis of emotion: A meta-analytic
review. The Behavioral and Brain Sciences, 35(3), 121-143.
https://doi.org/10.1017/50140525X11000446

Loewenstein, G. F., Weber, E. U, Hsee, C. K, & Welch, N. (2001).
Risk as feelings. Psychological Bulletin, 127(2), 267-286.
https://doi.org/10.1037/0033-2909.127.2.267


https://doi.org/10.1002/da.22276
https://doi.org/10.1002/da.22276
https://doi.org/10.1007/s11299-014-0150-z
https://doi.org/10.1007/s11299-014-0150-z
https://doi.org/10.1037/a0029119
https://doi.org/10.3389/fpsyg.2017.00092
https://doi.org/10.3389/fpsyg.2017.00092
https://doi.org/10.3389/fpsyg.2015.00253
https://doi.org/10.3389/fpsyg.2015.00253
https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.1016/j.biopsych.2011.12.027
https://doi.org/10.3389/fpsyt.2017.00088
https://doi.org/10.1080/13546805.2016.1230053
https://doi.org/10.1080/13546805.2016.1230053
https://doi.org/10.1177/1073191105278740
https://doi.org/10.1177/1073191105278740
https://doi.org/10.1002/bdm.3960050203
https://doi.org/https://europepmc.org/abstract/med/28953790
https://doi.org/https://europepmc.org/abstract/med/28953790
https://doi.org/10.1093/mind/os-IX.34.188
https://doi.org/10.1038/npp.2009.216
https://doi.org/10.1038/npp.2009.216
https://doi.org/10.2307/1914185
https://doi.org/10.2307/1914185
https://doi.org/10.1111/j.1539-6924.1981.tb01350.x
https://doi.org/10.1111/j.1539-6924.1981.tb01350.x
https://doi.org/10.1177/0022002797041005001
https://doi.org/10.1177/0022002797041005001
https://dx.doi.org/10.1002/bdm.724
https://doi.org/10.1016/j.neuron.2005.08.008
https://doi.org/10.1016/j.neuron.2005.08.008
https://doi.org/10.1006/obhd.1995.1064
https://doi.org/10.1006/obhd.1995.1064
https://doi.org/10.1016/j.paid.2004.03.020
https://doi.org/10.1509/jmkr.48.SPL.S121
https://doi.org/10.1080/02699930500203112
https://doi.org/10.1080/02699930500203112
https://doi.org/10.1111/1467-9280.01433
https://doi.org/10.1080/026999300402763
https://doi.org/10.1080/026999300402763
https://doi.org/10.1146/annurev-psych-010213-115043
https://doi.org/10.1177/1754073911410743
https://doi.org/10.1111/j.1467-9280.2008.02174.x
https://doi.org/10.1017/S0140525X11000446
https://doi.org/10.1037/0033-2909.127.2.267

16 (&) S.WAKEETAL.

*Lorian, C. N., & Grisham, J. R. (2011). Clinical implications of risk
aversion: An online study of risk-avoidance and treatment util-
ization in pathological anxiety. Journal of Anxiety Disorders, 25
(6), 840-848. https://doi.org/10.1016/j.janxdis.2011.04.008

*Lorian, C. N., Mahoney, A, & Grisham, J. R. (2012). Playing it safe:
An examination of risk-avoidance in an anxious treatment-
seeking sample. Journal of Affective Disorders, 141(1), 63-71.
https://doi.org/10.1016/j.jad.2012.02.021

*Lucidi, F., Giannini, A. M., Sgalla, R, Mallia, L., Devoto, A, &
Reichmann, S. (2010). Young novice driver subtypes:
Relationship to driving violations, errors and lapses. Accident
Analysis & Prevention, 42(6), 1689-1696. https://doi.org/10.
1016/j.aap.2010.04.008

Lynn, S. K, Wormwood, J. B, Barrett, L. F., & Quigley, K. S. (2015).
Decision making from economic and signal detection perspec-
tives: Development of an integrated framework. Frontiers in
Psychology, 6, https://doi.org/10.3389/fpsyg.2015.00952

*Maner, J. K, & Gerend, M. A. (2007). Motivationally selective risk
judgments: Do fear and curiosity boost the boons or the
banes? Organizational Behavior and Human Decision Processes,
103(2), 256-267. https://doi.org/10.1016/j.0bhdp.2006.08.002

*Maner, J. K, Richey, J. A, Cromer, K,, Mallott, M., Lejuez, C. W., Joiner,
T. E., & Schmidt, N. B. (2007). Dispositional anxiety and risk-avoi-
dant decision-making. Personality and Individual Differences, 42
(4), 665-675. https://doi.org/10.1016/j.paid.2006.08.016

*Maner, J. K., & Schmidt, N. B. (2006). The role of risk avoidance in
anxiety. Behavior Therapy, 37(2), 181-189. https://doi.org/10.
1016/j.beth.2005.11.003

March, J. S, Parker, J. D., Sullivan, K, Stallings, P., & Conners, C. K.
(1997). The multidimensional anxiety scale for Children
(MASCQ): factor structure, reliability, and validity. Journal of the
American Academy of Child and Adolescent Psychiatry, 36(4),
554-565. https://doi.org/10.1097/00004583-199704000-00019

Mayo-Wilson, E., Dias, S., Mavranezouli, I, Kew, K., Clark, D. M.,
Ades, A. E.,, & Pilling, S. (2014). Psychological and pharmaco-
logical interventions for social anxiety disorder in adults: A
systematic review and network meta-analysis. The Lancet.
Psychiatry, 1(5), 368-376. https://doi.org/10.1016/52215-0366
(14)70329-3

Mellers, B. A., Schwartz, A., Ho, K., & Ritov, I. (1997). Decision affect
theory: Emotional reactions to the outcomes of risky options.
Psychological Science, 8(6), 423-429. https://doi.org/10.1111/j.
1467-9280.1997.tb00455.x

*Mitte, K. (2007). Anxiety and risky decision-making: The role of
subjective probability and subjective costs of negative
events. Personality and Individual Differences, 43(2), 243-253.
https://doi.org/10.1016/j.paid.2006.11.028

Mobbs, D. (2018). The ethological deconstruction of fear(s).
Current Opinion in Behavioral Sciences, 24, 32-37. https://doi.
org/10.1016/j.cobeha.2018.02.008

Mobbs, D., & Kim, J. J. (2015). Neuroethological studies of fear,
anxiety, and risky decision-making in rodents and humans.
Current Opinion in Behavioral Sciences, 5, 8-15. https://doi.
0rg/10.1016/j.cobeha.2015.06.005

Mohr, P. N. C, Biele, G., & Heekeren, H. R. (2010). Neural proces-
sing of risk. Journal of Neuroscience, 30(19), 6613-6619.
https://doi.org/10.1523/JNEUROSCI.0003-10.2010

Morina, N., Koerssen, R., & Pollet, T. V. (2016). Interventions for
children and adolescents with posttraumatic stress disorder:
A meta-analysis of comparative outcome studies. Clinical

Psychology Review, 47, 41-54. https://doi.org/10.1016/j.cpr.
2016.05.006

*Mueller, E. M., Nguyen, J, Ray, W. J,, & Borkovec, T. D. (2010).
Future-oriented decision-making in generalized anxiety dis-
order is evident across different versions of the iowa gambling
task. Journal of Behavior Therapy and Experimental Psychiatry, 41
(2), 165-171. https://doi.org/10.1016/j.jbtep.2009.12.002

*Nan, X. (2017). Influence of incidental discrete emotions on

health  risk  perception and  persuasion.  Health
Communication, 32(6), 721-729. https://doi.org/10.1080/
10410236.2016.1168004

*Nesse, R. M., & Klaas, R. (1994). Risk perception by patients with
anxiety disorders. The Journal of Nervous and Mental Disease,
182(8), 465-470. https://doi.org/10.1097/00005053-
199408000-00008

Newman, M. G., Zuellig, A. R, Kachin, K. E., Constantino, M. J.,,
Przeworski, A., Erickson, T., & Cashman-McGrath, L. (2002).
Preliminary reliability and validity of the generalized anxiety
disorder questionnaire-IV: A revised self-report diagnostic
measure of generalized anxiety disorder. Behavior Therapy,
33(2), 215-233. https://doi.org/10.1016/S0005-7894
(02)80026-0

Niedenthal, P. M., Krauth-Gruber, S., & Ric, F. (2006). Psychology of
emotion: Interpersonal, experimental and cognitive approaches.
New York: Psychology Press.

Ohman, A. (2008). Fear and anxiety: Overlaps and dissociations.
In Michael Lewis, Jeannette M. Haviland-Jones, & Lisa
Feldman Barrett (Eds.), Handbook of emotions (3rd ed, pp.
709-728). New York, NY: The Guilford Press.

*Ortega, A. R, Ramirez, E., Colmenero, J. M., & del Garcia-Viedma,
M. R. (2017). Negative affect, decision making, and attentional
networks. Journal of Attention Disorders, 21(3), 247-253.
https://doi.org/10.1177/1087054712465336

*Panno, A., Donati, M. A., Milioni, M., Chiesi, F., & Primi, C. (2018).
Why women take fewer risk than men do: The mediating role
of state anxiety. Sex Roles, 78(3), 286-294. https://doi.org/10.
1007/511199-017-0781-8

Peterson, R. A., & Brown, S. P. (2005). On the use of beta coeffi-
cients in meta-analysis. Journal of Applied Psychology, 90(1),
175-181.

Piet, J., & Hougaard, E. (2011). The effect of mindfulness-based
cognitive therapy for prevention of relapse in recurrent
major depressive disorder: A systematic review and meta-
analysis. Clinical Psychology Review, 31(6), 1032-1040.
https://doi.org/10.1016/j.cpr.2011.05.002

*Raghunathan, R., & Pham, M. T. (1999). All negative moods are
not equal: Motivational influences of anxiety and sadness
on decision making. Organizational Behavior and Human
Decision Processes, 79(1), 56-77. https://doi.org/10.1006/
obhd.1999.2838

*Ramirez, E, Ortega, A. R, & Reyes Del Paso, G. A. (2015). Anxiety,
attention, and decision making: The moderating role of heart
rate variability. International Journal of Psychophysiology, 98(3,
Part 1), 490-496. https://doi.org/10.1016/j.ijpsycho.2015.10.007

Reinhart, C. M., & Rogoff, K. S. (2009). This time Is different:
Eight centuries of financial folly. UK: Princeton University
Press.

Reiss, S. (1991). Expectancy model of fear, anxiety, and panic.
Clinical Psychology Review, 11(2), 141-153. https://doi.org/10.
1016/0272-7358(91)90092-9


https://doi.org/10.1016/j.janxdis.2011.04.008
https://doi.org/10.1016/j.jad.2012.02.021
https://doi.org/10.1016/j.aap.2010.04.008
https://doi.org/10.1016/j.aap.2010.04.008
https://doi.org/10.3389/fpsyg.2015.00952
https://doi.org/10.1016/j.obhdp.2006.08.002
https://doi.org/10.1016/j.paid.2006.08.016
https://doi.org/10.1016/j.beth.2005.11.003
https://doi.org/10.1016/j.beth.2005.11.003
https://doi.org/10.1097/00004583-199704000-00019
https://doi.org/10.1016/S2215-0366(14)70329-3
https://doi.org/10.1016/S2215-0366(14)70329-3
https://doi.org/10.1111/j.1467-9280.1997.tb00455.x
https://doi.org/10.1111/j.1467-9280.1997.tb00455.x
https://doi.org/10.1016/j.paid.2006.11.028
https://doi.org/10.1016/j.cobeha.2018.02.008
https://doi.org/10.1016/j.cobeha.2018.02.008
https://doi.org/10.1016/j.cobeha.2015.06.005
https://doi.org/10.1016/j.cobeha.2015.06.005
https://doi.org/10.1523/JNEUROSCI.0003-10.2010
https://doi.org/10.1016/j.cpr.2016.05.006
https://doi.org/10.1016/j.cpr.2016.05.006
https://doi.org/10.1016/j.jbtep.2009.12.002
https://doi.org/10.1080/10410236.2016.1168004
https://doi.org/10.1080/10410236.2016.1168004
https://doi.org/10.1097/00005053-199408000-00008
https://doi.org/10.1097/00005053-199408000-00008
https://doi.org/10.1016/S0005-7894(02)80026-0
https://doi.org/10.1016/S0005-7894(02)80026-0
https://doi.org/10.1177/1087054712465336
https://doi.org/10.1007/s11199-017-0781-8
https://doi.org/10.1007/s11199-017-0781-8
https://doi.org/10.1016/j.cpr.2011.05.002
https://doi.org/10.1006/obhd.1999.2838
https://doi.org/10.1006/obhd.1999.2838
https://doi.org/10.1016/j.ijpsycho.2015.10.007
https://doi.org/10.1016/0272-7358(91)90092-9
https://doi.org/10.1016/0272-7358(91)90092-9

Reiss, S., Peterson, R. A, Gursky, D. M., & McNally, R. J. (1986).
Anxiety sensitivity, anxiety frequency and the prediction of
fearfulness. Behaviour Research and Therapy, 24(1), 1-8.

*Richards, J. M., Patel, N., Daniele-Zegarelli, T., MacPherson, L., Lejuez,
C. W, & Ernst, M. (2015). Social anxiety, acute social stress, and
reward parameters interact to predict risky decision-making
among adolescents. Journal of Anxiety Disorders, 29, 25-34.
https://doi.org/10.1016/j.janxdis.2014.10.001

Rijsoort, S. v., Emmelkamp, P., & Vervaeke, G. (1999). The penn
state worry questionnaire and the worry domains question-
naire: Structure, reliability and validity. Clinical Psychology &
Psychotherapy, 6(4), 297-307. https://doi.org/10.1002/
(SIC1)1099-0879(199910)6:4<297::AID-CPP206>3.0.CO;2-E

Rosenthal, R. (1994). Parametric measures of effect size. In H.
Cooper, L. V. Hedges, & J. C. Valentine (Eds.), The handbook
of research synthesis (pp. 231-244). New York, NY, USA:
Russell Sage Foundation.

Satpute, A. B, & Lindquist, K. A. (2019). The default mode net-
work’s role in discrete emotion. Trends in Cognitive Sciences,
23(10), 851-864. https://doi.org/10.1016/j.tics.2019.07.003

Schmidt, B., & Hewig, J. (2015). Paying out one or all trials: A
behavioral economic evaluation of payment methods in a
prototypical risky decision study. The Psychological Record,
65(2), 245-250.

Schmidt, B., Kanis, H., Holroyd, C. B., Miltner, W. H. R., & Hewig, J.
(2018). Anxious gambling: Anxiety is associated with higher
frontal midline theta predicting less risky decisions.
Psychophysiology, 55(10), e13210. https://doi.org/10.1111/
psyp.13210

Schmidet, B., Mussel, P., & Hewig, J. (2013). I'm too calm-let’s take a
risk! On the impact of state and trait arousal on risk taking: I'm
too calm-let’s take a riskl. Psychophysiology, 50(5), 498-503.
https://doi.org/10.1111/psyp.12032

Schonberg, T., Fox, C. R, & Poldrack, R. A. (2011). Mind the gap:
Bridging economic and naturalistic risk-taking with cognitive
neuroscience. Trends in Cognitive Sciences, 15(1), 11-19.
https://doi.org/10.1016/j.tics.2010.10.002

*Schulreich, S., Gerhardt, H., & Heekeren, H. R. (2016). Incidental
fear cues increase monetary loss aversion. Emotion
(Washington, D.C.), 16(3), 402-412. https://doi.org/10.1037/
emo0000124

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J.,
Weiller, E., ... Dunbar, G. C. (1998). The mini-international neu-
ropsychiatric interview (M.LN.L): The development and vali-
dation of a structured diagnostic psychiatric interview for
DSM-IV and ICD-10. The Journal of Clinical Psychiatry, 59
(Suppl 20), 22-33. quiz 34-57.

Simonsohn, U, Nelson, L. D., & Simmons, J. P. (2014). P-curve: A key
to the file-drawer. Journal of Experimental Psychology. General,
143(2), 534-547. https://doi.org/10.1037/a0033242

Slovic, P., & Peters, E. (2006). Risk perception and affect. Current
Directions in Psychological Science, 15(6), 322-325. https://
doi.org/10.1111/j.1467-8721.2006.00461.x

Smith, V. L., & Walker, J. M. (1993). Monetary rewards and decision
cost in experimental economics. Economic Inquiry, 31(2), 245-
261. https://doi.org/10.1111/j.1465-7295.1993.tb00881.x

Spielberger, C. D. (1970). STAI manual for the state-trait anxiety
inventory. Palo Alto, CA: Consulting Psychologists Press.

*Stober, J. (1997). Trait anxiety and pessimistic appraisal of risk
and chance. Personality and Individual Differences, 22(4),
465-476. https://doi.org/10.1016/50191-8869(96)00232-2

COGNITION AND EMOTION 17

*Stone, L. A. (1964). The influence of selected individual-differ-
ence variables upon utility for risk. The Journal of General
Psychology, 70(1), 29-32. https://doi.org/10.1080/00221309.
1964.9920571

Studies included in the analysis

*Takécs, A, Kébor, A, Janacsek, K., Honbolygé, F., Csépe, V., &
Németh, D. (2015). High trait anxiety is associated with attenu-
ated feedback-related negativity in risky decision making.
Neuroscience Letters, 600, 188-192. https://doi.org/10.1016/j.
neulet.2015.06.022

Tallis, F., Davey, G. C. L., & Bond, A. (1994). The worry domains
questionnaire. In Graham C. Davey & Frank Tallis (Eds.),
Wiley series in clinical psychology. Worrying: Perspectives on
theory, assessment and treatment (pp. 285-297). Oxford,
England: John Wiley & Sons.

Taylor, J. A. (1953). A personality scale of manifest anxiety. The
Journal of Abnormal and Social Psychology, 48(2), 285-290.
https://doi.org/10.1037/h0056264

*Tsai, M.-H., & Young, M. J. (2010). Anger, fear, and escalation of
commitment. Cognition and Emotion, 24(6), 962-973. https://
doi.org/10.1080/0269993090305063 1

Tversky, A., & Kahneman, D. (1981). The framing of decisions and
the psychology of choice. Science, 211(4481), 453-458. https://
doi.org/10.1126/science.7455683

Viechtbauer, W. (2010). Conducting meta-analyses in R with the
metafor package. Journal of Statistical Software, 36(3), 1-48.

Vytal, K., & Hamann, S. (2010). Neuroimaging support for discrete
neural correlates of basic emotions: A voxel-based meta-
analysis. Journal of Cognitive Neuroscience, 22(12), 2864-
2885. https://doi.org/10.1162/jocn.2009.21366

Watson, D,, Clark, L. A., & Tellegen, A. (1988). Development and
validation of brief measures of positive and negative affect:
The PANAS scales. Journal of Personality and Social
Psychology, 54(6), 1063-1070.

Watson, D., & Friend, R. (1969). Measurement of social-evaluative
anxiety. Journal of Consulting and Clinical Psychology, 33(4),
448-457.

Weber, E. U, Blais, A. R, & Betz, N. E. (2002). A domain-
specific risk-attitude scale: Measuring risk perceptions and
risk behaviors. Journal of Behavioral Decision Making, 15(4),
263-290.

Wu, C. C, Sacchet, M. D., & Knutson, B. (2012). Toward an Affective
Neuroscience Account of Financial risk taking. Frontiers in
Neuroscience, 6, https://doi.org/10.3389/fnins.2012.00159

*Yang, Q. Zhao, D., Wu, Y., Tang, P, Gu, R, & Luo, Y. (2018).
Differentiating the influence of incidental anger and fear on
risk decision-making. Physiology & Behavior, 184, 179-188.
https://doi.org/10.1016/j.physbeh.2017.11.028

*Zhang, D., & Gu, R. (2018). Behavioral preference in sequential
decision-making and its association with anxiety. Human
Brain Mapping, 39(6), 2482-2499. https://doi.org/10.1002/
hbm.24016

*Zhang, L., Wang, K., Zhu, C,, Yu, F., & Chen, X. (2015). Trait anxiety
has effect on decision making under ambiguity but not
decision making under risk. PLOS ONE, 10(5), e0127189.
https://doi.org/10.1371/journal.pone.0127189

*Zhang, F., Xiao, L., & Gu, R. (2017). Does gender matter in the
relationship between anxiety and decision-making? Frontiers
in Psychology, 8, https://doi.org/10.3389/fpsyg.2017.02231

Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety and
depression scale. Acta Psychiatrica Scandinavica, 67(6), 361-370.


https://doi.org/10.1016/j.janxdis.2014.10.001
https://doi.org/10.1002/(SICI)1099-0879(199910)6:4%3C297::AID-CPP206%3E3.0.CO;2-E
https://doi.org/10.1002/(SICI)1099-0879(199910)6:4%3C297::AID-CPP206%3E3.0.CO;2-E
https://doi.org/10.1016/j.tics.2019.07.003
https://doi.org/10.1111/psyp.13210
https://doi.org/10.1111/psyp.13210
https://doi.org/10.1111/psyp.12032
https://doi.org/10.1016/j.tics.2010.10.002
https://doi.org/10.1037/emo0000124
https://doi.org/10.1037/emo0000124
https://doi.org/10.1037/a0033242
https://doi.org/10.1111/j.1467-8721.2006.00461.x
https://doi.org/10.1111/j.1467-8721.2006.00461.x
https://doi.org/10.1111/j.1465-7295.1993.tb00881.x
https://doi.org/10.1016/S0191-8869(96)00232-2
https://doi.org/10.1080/00221309.1964.9920571
https://doi.org/10.1080/00221309.1964.9920571
https://doi.org/10.1016/j.neulet.2015.06.022
https://doi.org/10.1016/j.neulet.2015.06.022
https://doi.org/10.1037/h0056264
https://doi.org/10.1080/02699930903050631
https://doi.org/10.1080/02699930903050631
https://doi.org/10.1126/science.7455683
https://doi.org/10.1126/science.7455683
https://doi.org/10.1162/jocn.2009.21366
https://doi.org/10.3389/fnins.2012.00159
https://doi.org/10.1016/j.physbeh.2017.11.028
https://doi.org/10.1002/hbm.24016
https://doi.org/10.1002/hbm.24016
https://doi.org/10.1371/journal.pone.0127189
https://doi.org/10.3389/fpsyg.2017.02231

	Abstract
	Inducing and measuring fear and anxiety
	Assessing risk taking and risk estimation
	Methods
	Literature search
	Criteria for inclusion of studies
	Coding
	Fear measurements
	Fear intensity
	Fear induction stimulus medium and content specificity
	Treatment of fear and anxiety
	Risk task

	Analysis

	Results
	Overall strength and consistency of effect size
	Moderator analyses
	Fear measurements
	Fear induction medium and content specificity
	Fear intensity
	Risk taking task


	Discussion
	Notes
	Acknowledgments
	Disclosure statement
	ORCID
	References

