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a b s t r a c t

Potential threat can prime defensive responding and avoidance behavior, which may result in the loss of
rewards. When aversive consequences do not occur, avoidance should, thus, be quickly overcome in
healthy individuals. This study examined the impact of threat anticipation on reward-based decisions.
Sixty-five participants completed a decision-making task in which they had to choose between high- and
low-reward options. To model an approach-avoidance conflict, the high-reward option was contingent
with a threat-of-shock cue; the low-reward option was contingent with a safety cue. In control trials,
decisions were made without threat/safety instructions. Overall, behavioral data documented a typical
preference for the profitable option. Importantly, under threat-of-shock, participants initially avoided the
profitable option (i.e., safe, but less profitable choices). However, when they experienced that shocks did
actually not occur, participants overcame initial avoidance in favor of larger gains. Furthermore, auto-
nomic arousal (skin conductance and heart rate responses) was elevated during threat cues compared to
safety and non-threatening control cues. Taken together, threat-of-shock was associated with behavioral
consequences: initially, participants avoided threat-related options but made more profitable decisions
as they experienced no aversive consequences. Although socially acquired threat contingencies are
typically stable, incentives for approach can help to overcome threat-related avoidance.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Individuals often need to choose between behavioral options
which are linked to either positive or negative outcomes. If one's
choice, however, can result in rewards and aversive events at the
same time, an approach-avoidance conflict emerges (Cacioppo &
Berntson, 1994; Corr, 2013; Miller, 1959). Adaptive action selec-
tion then requires balanced decisions between approaching re-
wards and avoiding harm (Lejuez et al., 2002). In this approach-
avoidance framework, the anticipation of consequences is impor-
tant to organize goal-directed behavior and a priori information
about potential threat versus safety is crucial to decide which
behavior is most functional. Decisions may therefore be guided by
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emotional stimuli that convey information about potential threat.
Fundamental motivational neural circuits are assumed to organize
this influence of emotional information on approach and avoidance
behavior (Lang& Bradley, 2010). This model receivedmuch support
from studies measuring physiological response parameters (e.g.,
reflex-based motor and autonomic nervous system activity;
Bradley, Codispoti, Cuthbert, & Lang, 2001); as well as neuro-
imaging studies (e.g., Lang & Davis, 2006). However, surprisingly
little is known about potential avoidance biases on more complex
behavioral decision-making.

In behavioral decision-making tasks there is often either one
positive or one negative outcome. In reward-based decisions, for
example, individuals typically show increased selections of profit-
able options, which are associated with higher or more frequent
rewards (e.g., Balleine & Dickinson, 1998; Richards, Plate, & Ernst,
2013). In contrast, individuals will consistently avoid options
associated with a single aversive outcome (e.g., an aversive elec-
trical stimulation; Dymond, Schlund, Roche, De Houwer, &
Freegard, 2012; Glotzbach, Ewald, Andreatta, Pauli, & Mühlberger,
2012; Lovibond, Mitchell, Minard, Brady, & Menzies, 2009; Ly &
Roelofs, 2009).
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2 No group differences were observed for Age: t(63) ¼ 0.03, p ¼ 0.975; Sex: c2(1,
N ¼ 65) ¼ 0.04, p ¼ 0.839; Symptoms of depression (Beck Depression Inventory;
BDI-II): t(63) ¼ 0.07, p ¼ 0.945; State anxiety (State-Trait Anxiety Inventory e State
version; STAI-State): t(63) ¼ 0.31, p ¼ 0.754; Trait anxiety (STAIeTrait): t(63) ¼ 0.40,
p ¼ 0.687; Anxiety sensitivity (Anxiety Sensitivity Index; ASI): t(63) ¼ 1.30,
p ¼ 0.198.
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In approach-avoidance conflicts, however, rewards and aversive
consequences directly compete. There is growing interest in how
competing reward- and threat-related consequences are integrate
to guide behavioral decision making (Aupperle, Melrose, Francisco,
Paulus, & Stein, 2015; Botvinick & Braver, 2015; Hayes, Duncan, Xu,
& Northoff, 2014; Pittig, Brand, Pawlikowski, & Alpers, 2014; Pittig,
Schulz, Craske,& Alpers, 2014; Schlund et al., 2016; Sierra-Mercado
et al., 2015; Talmi & Pine, 2012). For example, whereas healthy
individuals will avoid aversive stimuli when competing rewards are
absent, too small, or uncertain, theymay tolerate the same aversive
stimuli and switch towards approach behavior when sufficiently
rewarded (Aupperle, Sullivan, Melrose, Paulus, & Stein, 2011;
Sierra-Mercado et al., 2015; Talmi, Dayan, Kiebel, Frith, & Dolan,
2009). A reversed switch or “tipping point” towards consistent
avoidance has been found for decisions associated with stable re-
wards, but increasing threat. Healthy individuals switch from
approaching the reward to threat avoidance when the increasing
threat exceeds the reward value (e.g., Schlund et al., 2016).

Similar decision making has been observed in anxious in-
dividuals when more profitable options were linked to individually
fear-relevant stimuli. Spider fearful individuals, for example,
initially avoided options associated with the presentation of spider
pictures, but tolerated such confrontations when gaining higher
rewards with these choices (similar with socially anxious in-
dividuals in response to angry facial expressions; see Pittig, Alpers,
Niles, & Craske, 2015; Pittig, Brand, et al., 2014; Pittig, Pawlikowski,
Craske, & Alpers, 2014). Thus, considering both competing rewards
and aversive outcomes is crucial for adaptive goal-directed
behavior and imbalances may be associated with psychopathology.

Decision making crucially depends on the anticipation of con-
sequences, which in turn requires that individuals effectively learn
about environmental contingencies. This is particularly true for the
learning and anticipation of aversive events, as these may harm the
organism's physical integrity (Johnson, Blumstein, Fowler, &
Haselton, 2013). As a model of such learning processes, much
research has employed Pavlovian fear conditioning paradigms, in
which formerly neutral stimuli acquire emotional properties
through pairing with aversive events such as electric stimulations,
heat pain, or monetary loss (Craske, Hermans, & Vansteenwegen,
2006; Duits et al., 2015). Importantly, a recent study provided
first evidence that fear conditioning experiences may guide sub-
sequent decisions and result in the development of pathological
avoidant decisions. Specifically, a former neutral stimulus was
paired with an aversive outcome during fear conditioning. In a
subsequent decision task, participants avoided options that were
linked to this fear conditioned stimulus, even if these decisions
resulted in monetary costs and were not anymore linked to the
aversive consequences (Pittig, Schulz, et al., 2014; Experiment 1). In
addition, this costly avoidance was elevated in individuals with
high trait anxiety (Pittig, Schulz, et al., 2014; Experiment 2). These
findings demonstrate how behavioral decisions are biased towards
costly avoidance by direct fear learning experience.

However, human fear learning may also occur without direct
experience of an aversive event. The mere verbal instruction about
potential aversive outcomes has been shown to establish a fear-
relevant association that reliably provokes defensive responding
(i.e., elevated skin conductance responses, heart rate deceleration,
and potentiated startle reflexes; e.g., Bradley, Moulder, & Lang,
2005; Bublatzky, Guerra, Pastor, Schupp, & Vila, 2013; Grillon,
Ameli, Woods, Merikangas, & Davis, 1991) and facilitates sensory
processing of environmental information (e.g., Baas, Milstein,
Donlevy, & Grillon, 2006; Bublatzky & Schupp, 2012; Bublatzky,
Flaisch, Stockburger, Schm€alzle, & Schupp, 2010; Cornwell et al.,
2007). Importantly, the acquisition of human avoidance behavior
may be similarly triggered by stimuli that acquired threat
associations either by direct experience or mere verbal instructions
(Cameron, Roche, Schlund, & Dymond, 2016; Dymond et al., 2012).
Despite increasing evidence showing the relevance of instructed
threat learning for anxiety and stress-related disorders (e.g., Muris
& Field, 2010; Robinson, Vytal, Cornwell, & Grillon, 2013), surpris-
ingly little is known about its impact on the individuals' behavior
and decisions in approach-avoidance conflicts.

The present study therefore combined verbal threat instructions
and a reward-based decision-making task to test the impact of
anticipated threat on reward-directed decisions. Participants had to
choose between two decks of cards, which were differently rein-
forced by monetary incentives and contingent with instructed
threat-of-shock or safety cues. Building upon previous research,
differential positive reinforcement should favor more frequent
choices of the high reward options (e.g., monetary gains; Bechara,
Damasio, Tranel, & Damasio, 1997; Pittig, Schulz, et al., 2014). On
the other hand, instructed threat of aversive events may lead to
behavioral avoidance (Dymond et al., 2012) and enhanced defense
activation when confronted with a threat cue (i.e., enhanced SCR
and heart rate deceleration; Bradley et al., 2005; Olsson & Phelps,
2004). Regarding the interaction of decision making and threat-
of-shock, we hypothesized that choices associated with potential
threat would be avoided initially (Pittig, Schulz, et al., 2014).
However, behavioral avoidance should gradually diminish with
increasing experience of reward contingencies and the omission of
the aversive consequence. The actual absence of the instructed
aversive consequences should further help to overcome behavioral
avoidance (see Pittig, Brand, et al., 2014; Pittig, Schulz, et al., 2014),
and may support extinction learning (see Bublatzky, Gerdes, &
Alpers, 2014).
2. Methods

2.1. Participants

Sample size was based on power analyses conducted with G-
Power (Faul, Erdfelder, Lang, & Buchner, 2007), which indicated
that 62 participants were required to detect all relevant behavioral
effects at a medium effect size (power ¼ 0.80, a error ¼ 0.05, me-
dium effect sizes; assumed correlation of repeated measures in
repeated measures ANOVA ¼ 0.40). Because of randomized
assignment to two groups, group sizes varied slightly (n ¼ 31 and
34). Sixty-five healthy participants (39 females; 60.0%) were
recruited from the University of Mannheim. Their age was between
18 and 41 (M ¼ 24.3, SD ¼ 4.2). Participants were informed about
the general study procedure before providing informed consent
according to University of Mannheim ethics guidelines and
received course credits for participation. Participants were assigned
to two groups (i.e., initial non-threat instruction vs. initial threat/
safety instruction), which did not differ in age (see Cauffman et al.,
2010), sex distribution, or anxiety and depression scores.2
2.2. Procedure

Participants completed questionnaires on anxiety and depres-
sion (State-Trait Anxiety Inventory, Spielberger, Gorsuch, Lushene,
& Vagg, 1983; Anxiety Sensitivity Index, Peterson & Reiss, 1992;
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Beck Depression Inventory, Beck, Steer, Ball, & Ranieri, 1996). Sen-
sors for physiological recordings were attached and an electric
stimulation electrode was placed at the left index finger (see
Riemer, Bublatzky, Trojan, & Alpers, 2015). A brief shock work-up
protocol was carried out to calibrate the stimulation intensity at a
level rated as “maximally unpleasant but not yet painful” (see
Bublatzky et al., 2010). Participants were then instructed that the
intensity of the electric stimulation during the experiment would
equal the most unpleasant test stimulus.

Experimental procedures are shown in Fig. 1. Half of the par-
ticipants started with the non-threat instruction followed by a
threat/safety instruction phase; the other participants started with
threat/safety followed by the non-threat instruction phase. Partic-
ipants rated the hedonic valence and arousal of the colored squares
after each phase using the Self-Assessment Manikin (SAM; Bradley
& Lang, 1994); and perceived threat was scored using a visual
analog scale ranging from not at all to highly threatening (1e10)
after the threat/safety instruction phase. At the end of the experi-
ment, participants indicated whether the threat/safety instructions
were perceived as convincing (yes/no) and effective (yes/no).

The computer-based card game was controlled by Presentation
software (Neurobehavioral Systems, Inc., Albany, CA), and pre-
sented on a 22 inch computer screen approximately 1 m in front of
the participant. Electrical stimulations (max. 10 mA, 100 ms) were
generated with a stand-alone electrical stimulator (Jaeger-Toen-
nies, Germany). Physiological data were recorded with a vAmp
amplifier (BrainProducts, Munich, Germany).
2.3. Decision-making task, materials, and design

For the computerized decision-making task, participants had to
choose between two card decks displayed on the screen with the
instructed goal of maximizing overall gain (Fig. 1; see also Pittig,
Schulz, et al., 2014). Each choice was followed by a fixation cross
as inter stimulus interval (5s), a colored square (blue or yellow, 7 s),
another fixation cross (5s), and a subsequent visual feedback stat-
ing whether they did or did not win a fixed amount of V 0.50 (5 s).
As in previous studies (Pittig, Schulz, et al., 2014), hypothetical re-
wards were used, i.e., participants did not receive the rewards
gained in the task at the end of the experiment. A high-reward
option (left or right card deck; counterbalanced across partici-
pants) was associated with 60% reward probability and a low-
Fig. 1. Experimental procedures. After shock work-up, participants received either threat/sa
the blue square, but never when the yellow square is presented.” vs. “No aversive stimuli w
choose between a high-reward option (e.g., left card deck, associated with 60% chance of g
reward option (e.g., right deck, followed by a yellow square) which was associated with 40
reward option was 100% contingent with the colored square instructed to signal threat-of-s
during threat/safety instruction phase. After rating the colored squares for valence and arou
switched and participants completed another 40 trials. (For interpretation of the references
reward option with 40% reward probability. For each participant,
the color of the square was locked to a specific deck, which was
counterbalanced across participants (e.g., the high-reward deck
was always followed by the blue square for one participant, but
always followed by the yellow square for another participant).

Participants completed two subsequent experimental instruc-
tion phases, each consisting of 40 decision trials. During the threat/
safety instruction phase, participants were instructed that they
may receive an aversive electrical stimulation whenever a certain
colored square is presented (e.g., blue square as instructed threat
cue), but never during the presence of the other colored square
(e.g., yellow square as instructed safety cue). Importantly, to
maximize the approach-avoidance conflict (i.e., high-reward and
threat-of-shock), selection of the high-reward deck was 100%
contingent with the instructed threat color during the threat/safety
instruction phase. Thus, participants could avoid the threat cue by
choosing the low-reward deck, which resulted in less gain. During
non-threat instruction phase, participants were instructed that no
(more) electrical stimulations will occur at all. Thus, there was no
decision conflict during the non-threat instruction trials. As a be-
tween subject manipulation of the conditions under which the
participants initially learned about reward contingencies, approx-
imately half of the participants (N¼ 31) startedwith the non-threat
instruction phase followed by the threat/safety instruction trials (¼
initial non-threat instruction); the other group (N ¼ 34) completed
sessions in reversed sequence (¼ initial threat/safety instruction;
see Fig. 1).
2.4. Data recording and reduction

As in previous studies (e.g., Pittig, Schulz, et al., 2014), the trials
of the decision task were combined into blocks of ten trials each.
For each block, the number of selections of the (aversive) high-
reward deck was calculated as the main behavioral outcome vari-
able. Thus, a score of five indicates that both decks were selected
equally often and a higher score indicates more frequent selections
of the high-reward deck.

Skin conductance responses (SCRs) were recorded with two Ag/
AgCl electrodes (constant voltage of 0.5 V; 500 Hz sampling rate)
placed on the hypothenar eminence of the palm of the non-
dominant hand. Noise and slow frequency/level changes were
removed using a 2 Hz FIR low- and a 0.05 Hz high-pass filter in
fety or non-threat instruction (e.g., “You may receive an aversive stimulation whenever
ill be delivered at all.”) and completed 40 trials of the decision task. Participants had to
ain) which was always followed by a particular colored square (e.g., blue); or the low-
% chance of gain. Importantly, to implement an approach-avoidance conflict, the high-
hock. In contrast, the low-reward option was associated with instructed safety square
sal (as well as threat following the threat/safety instruction phase), instructions were
to colour in this figure legend, the reader is referred to the web version of this article.)
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Brain Analyzer 2.1 (BrainProducts, Munich, Germany). SCRs to the
onset of the colored squares were calculated as the maximum in-
crease in skin conductance amplitude in the interval of 1e7 s
(relative to a 1 s pre-stimulus period). A threshold of 0.02 Micro-
Siemens (mS) was used; all SCRs below this threshold were scored
as zero response and included in the analyses (i.e., SCR magnitude);
range and distribution correction was applied (square root
[response/maximum response]; see Pittig, Schulz, et al., 2014).

Heart rate was derived from the electrocardiogram recorded at
lead II. The signal was acquired at a sampling rate of 1000 Hz and
frequencies below 0.1 and above 13 Hz were filtered. R-wave
detection, visual inspection of inter-beat intervals, and conversion
to heart rate (beats per minute, bpm) was donewith Brain Analyzer
2.1. The HR averages every second after onset of the colored squares
are expressed in terms of differential scores with respect to a 1 s
baseline period (see Bradley et al., 2005), and averaged across the
total cue interval. Four participants were excluded from HR ana-
lyses (two from each group) due to equipment failure (n¼ 3) and an
excessive amount of ECG artifacts (n ¼ 1; large number of ectopic
beats and movement artifacts). One participant was excluded from
SCR analyses due to equipment failure.

2.5. Data analysis

Decision-making data were entered into a 2 � 4 � 2 repeated
measures ANOVA with Instruction Phase (threat/safety vs. non-
threat) and Block (four blocks depicting decision trials 1e10,
11e20, 21e30, 31e40) as within subject factors, and Phase Order
(initial threat/safety vs. initial non-threat instruction phase) as a
between subject group factor. To test the modulation of decision
behavior by means of threat/safety instruction, two a-priori plan-
ned analyses were conducted. First, to investigate avoidance of
instructed threat stimuli with vs. without prior experience of
reward contingencies, planned comparison t-tests were conducted
for the first block of each instruction phase between both groups
and against the constant 5 (which represents equal selections from
both decks). Second, the critical change from the last block of the
first instruction phase (Trials 31e40) to the first block of the second
instruction phase (Trials 41e50) was separately analyzed using a
2 � 2 repeated measures ANOVA with Phase Order and the two
blocks as a within subject factor. This change represents the
modification of decisions by switching instructions (i.e., last block
of threat/safety vs. first block of non-threat instruction phase for
the Initial Threat group; last block of non-threat vs. first block of
threat/safety instruction for the Initial Non-Threat group). For
separate t-tests, Cohen's d was calculated as effect size.

For self-reported ratings of unpleasantness and arousal, repeated
measures ANOVAs were conducted with Cue (instructed threat cue
vs. instructed safety cue), Instruction Phase (threat/safety vs. non-
threat), and Phase Order as between-subject factor. To test the ef-
fects of threat-of-shock on skin conductance and heart rate, separate
repeated measures ANOVAs were conducted including the within-
subject factors Cue (blue vs. yellow square) and Instruction Phase
(non-threat vs. threat/safety instruction), and the between-subject
factor Phase Order (initial non-threat vs. initial threat/safety).
Physiological responses were averaged across the four blocks in each
instruction phase; this was done because the number of trials per
factor level differed considerably as a function of individual decision
behavior across experimental blocks (e.g., more approach recipro-
cally resulted in less avoidance trials). However, for exploration of
the time course of the impact of threat instruction on SCRs, block-
wise analyses were conducted for SCRs to the threat vs. safety cues
during the threat/safety instruction phase.

Greenhouse-Geisser correction procedure was applied where
relevant, and the partial h2 (hp

2) is reported as a measure of effect
size. To control for type 1 error, Bonferroni correction was applied
for post hoc tests.

3. Results

3.1. Self-report data

Overall, participants rated the threat/safety instruction as
credible (n ¼ 59; 90.8%) and effective (n ¼ 52; 80%) in provoking a
state of aversive apprehension. The successful verbal threat
manipulation was also evident in valence and arousal ratings. Self-
reported valence and arousal varied as a function of Cue by In-
struction Phase, Fs(1,62) > 8.41, ps < 0.006, hp2 > 0.118. Whereas
ratings for both stimuli did not differ on both dimensions after the
non-threat instruction phase, all ts < 1.50, all ps > 0.145,
dvalence ¼ 0.10, darousal ¼ 0.28, the instructed threat cue was rated as
more unpleasant and arousing than the safety cue after the threat/
safety instruction phase, all ts > 2.77, all ps < 0.008, dvalence ¼ 0.53,
darousal ¼ 0.94. In addition, the threat cue was more unpleasant and
arousing after the threat/safety compared to non-threat instruction
phase, all ts > 2.49, all ps < 0.016, dvalence ¼ 0.52, darousal ¼ 1.56. The
instructed safety cue was more pleasant after threat/safety
compared to non-threat instruction, t(64) ¼ 2.27, p ¼ 0.027,
d ¼ 0.30, but did not differ in arousal, t(64) ¼ 0.37, p ¼ 0.715,
d ¼ 0.05. Finally, the instructed threat cue compared to the safety
cue was rated as more threatening following the threat/safety in-
struction phase, t(64) ¼ 5.29, p < 0.001, d ¼ 0.88. In sum, threat
instructions specifically resulted in elevated unpleasantness,
arousal, and threat ratings for the instructed threat cue.

Furthermore, self-reported arousal revealed an interaction of
Instruction and Phase Order, F(1,62) ¼ 12.02, p ¼ 0.002, hp2 ¼ 0.196,
which was not observed for valence ratings, F(1, 62) ¼ 0.06,
p ¼ 0.803, hp2 < 0.01. Across both stimuli, arousal ratings were
higher after the threat/safety instruction phase compared to the
non-threat instruction phase for the Initial threat group,
t(33) ¼ 6.28, p < 0.001, d ¼ 0.93, but not for the Initial non-threat
group, t(30) ¼ 0.46, p ¼ 0.648, d ¼ 0.08.

3.2. Decision making behavior

As illustrated in Fig. 2, the number of high-reward choices was
modulated by Instruction Phase, F(1,63) ¼ 6.30, p ¼ 0.015,
hp
2 ¼ 0.091, and Block, F(3,189)¼ 11.32, p < 0.001, hp2 ¼ 0.152, as well

as the interaction of Instruction Phase by Block, F(3,189) ¼ 2.77,
p ¼ 0.047, hp2 ¼ 0.42. Following up on this interaction, separate
ANOVAs were calculated for each instruction phase (collapsed
across both groups). Indicating progressively more selections of the
profitable card deck, the number of high-reward choices signifi-
cantly increased during the non-threat instruction phase,
F(3,192) ¼ 3.28, p ¼ 0.028, hp2 ¼ 0.049. Interestingly, this behavioral
pattern was even more pronounced when profits were associated
with potential threat-of-shock during the threat/safety instruction
phase, F(3,192) ¼ 12.75, p < 0.001, hp2 ¼ 0.166.

Importantly, decision behavior also varied as a joint function of
Instruction Phase and Phase Order, F(1,63) ¼ 12.66, p ¼ 0.001,
hp
2 ¼ 0.167 (see Fig. 3). Following up on this of-interest interaction,

the average number of high-reward choices in each phase (i.e.,
averaged across blocks) was compared between groups using post-
hoc t-tests. Whereas the initial threat/safety compared to the initial
non-threat group showed more frequent high-reward choices
during non-threat instruction, t(63) ¼ 2.94, p ¼ 0.005, d ¼ 0.73,
there were no group differences for the threat/safety instruction
phase, t(63) ¼ �1.35, p ¼ 0.184, d ¼ 0.34. Furthermore, the initial
threat/safety group showed more frequent high-reward choices
during the non-threat compared to the threat/safety instruction,
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t(33) ¼ 4.78, p < 0.001, d ¼ 0.99, but no differences were observed
between instruction phases within the initial non-threat group,
t(30) ¼ 0.67, p ¼ 0.509, d ¼ 0.14. Thus, participants made more
high-reward choices during non-threat instruction, when they
already had prior experiences with reward contingencies during
threat/safety instruction phase.
3.2.1. Immediate avoidance following threat instruction
For the first ten trials, the initial threat/safety compared to initial

non-threat group showed significantly fewer high-reward choices,
t(63)¼ 2.08, p¼ 0.041, d¼ 0.52, and significantly avoided the high-
reward option immediately after threat-of-shock was instructed,
t(33) ¼ �2.90, p ¼ 0.007, d ¼ 0.50. The initial non-threat group,
however, showed equal selections of both decks during the first ten
trials, t(30) ¼ 0.56, p ¼ 0.579, d ¼ 0.10, indicating balanced decision
making in the absence of instructed threat. Regarding the change
between instruction phases, planned analyses revealed a significant
interaction between Phase Order and Block, F(1,63) ¼ 5.82,
p ¼ 0.019, hp
2 ¼ 0.085. The follow-up t-test showed that the omis-

sion of threat instruction did not significantly change decision
behavior in the initial threat/safety group, t(33) ¼ �1.28, p ¼ 0.211,
d ¼ 0.25. However, introducing threat-of-shock for the initial non-
threat group was associated with a tendency of less frequent high-
reward choices with medium effect size, which, however, missed
statistical significance, t(30) ¼ 2.02, p ¼ 0.053, d ¼ 0.51. No differ-
ences were observed between groups in the last block of the first
instruction phase (Trials 31e40), t(63) ¼ �0.01, p ¼ 0.996, d < 0.01,
but the initial non-threat compared to initial threat/safety group
showed significantly fewer high-reward choices after instructions
were switched, t(63) ¼ �2.95, p ¼ 0.004, d ¼ 0.73. In addition,
compared to an equally balanced selection of both decks (indicated
by a mean number of reward choices of M ¼ 5), the initial threat/
safety group showed significant approach of the high-reward
choices before and after instructions were switched, Trial
31e40 t(33) ¼ 2.80, p ¼ 0.009, d ¼ 0.48, and Trials
41e50 t(33) ¼ 4.10, p < 0.001, d ¼ 0.70. For the initial non-threat
group, such an approach pattern was observed before switching
instructions, t(30)¼ 2.64, p¼ 0.013, d¼ 0.47, however, no approach
was found after threat-of-shock was introduced, t(30) ¼ �0.32,
p ¼ 0.755, d ¼ 0.06.

To summarize behavioral data, the initial threat/safety group
initially avoided the high-reward option but in the absence of
aversive events steadily demonstrated more approach. At the end
of the first instruction phase, they approached the aversive high-
reward option with no significant differences to those partici-
pants who started with the non-threat instructions. When in-
structions were reversed, the initial threat/safety group continued
to approach the high-reward option after omission of instructed
threat, but the initial non-threat group avoided this option after the
threat-of-shock instruction was introduced.
3.3. Physiological data

3.3.1. Skin conductance responses (SCRs)
Physiological data served to verify that threat instructions were

linked to elevated fear responses towards the threat-cue compared
to safety-cue and non-threat cues. Skin conductance responses



Fig. 5. Mean skin conductance responses (and SEM) to the instructed threat vs. safety
cue across the time course of the threat/safety instruction phase. *p < 0.05, **p < 0.01.
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towards each colored square averaged across both instruction
phases varied as a main effect of Cue and Instruction Phase,
Fs(1,62)¼ 7.63 and 17.37, ps < 0.01 and 0.001, hp

2 ¼ 0.11 and 0.22, but
no interactionwas observed, F(1,62) ¼ 0.32, p ¼ 0.58, hp

2 < 0.01 (see
Fig. 4 A). Follow-up tests for each instruction phase revealed
enhanced SCRs to instructed threat compared to safety cues,
p ¼ 0.036. As expected, no differences between the colored cues
were found in the non-threat instruction phase, p ¼ 0.083. In
addition, SCRs to the instructed threat and safety cue during the
threat/safety instruction phase were more pronounced compared
to the corresponding cues during the non-threat instruction phase,
p < 0.01 and 0.035. The between-group manipulation Phase Order
(initial non-threat vs. initial threat/safety instruction phase) did not
show interactions with Instruction Phase, F(1,62) ¼ 0.53, p ¼ 0.47,
hp
2 ¼ 0.01, Cue, F(1,62) ¼ 0.06, p ¼ 0.81, hp

2 < 0.01, nor with Cue by
Instruction Phase, F(1,62) ¼ 0.13, p ¼ 0.72, hp

2 < 0.01.
Exploratory follow-up analyses focused on SCRs during threat/

safety instruction phase to specifically test differential SCRs to the
instructed threat vs. safety cue across the time course of the threat
instruction phase (see Fig. 5). SCRs strongly decreased across
blocks, F(3,189)¼ 43.82, p< 0.001, hp

2¼ 0.41, reflecting a decrease in
SCRs to both threat and safety cues, Fs(3,189) ¼ 21.83 and 17.54,
ps < 0.001, hp

2 ¼ 0.26 and 0.22, which was also associated with a
progressively increasing number of zero-responses. Themain effect
of Cue was not significant, F(1,63) ¼ 3.54, p ¼ 0.065 hp

2 ¼ 0.05,
however, a significant interaction of Cue by Block was observed,
F(3,189) ¼ 5.82, p ¼ 0.001, hp

2 ¼ 0.09. Elevated SCRs for the threat
compared to safety cue was found in Block 1 and 3, ps ¼ 0.007 and
0.01, no difference in Block 2, p ¼ 0.26, and a reversed pattern
showing elevated SCRs to safety cues in Block 4, p ¼ 0.03. Whereas
the decline in SCRs across blocks was a reliable effect, caution is
needed regarding differential SCRs to threat/safety cues across
blocks. Here, a varying number of trials per cue (i.e., decreasing
number of safety trials) and an increasing number of zero-re-
sponses may have biased statistical comparisons.

3.3.2. Heart rate responses
Heart rate revealed a pronounced deceleration following the

onset of the colored threat-, safety-, or non-threat cues (see Fig. 4
B). This deceleration varied as a function of Instruction Phase,
F(1,59) ¼ 13.15, p ¼ 0.001, hp

2 ¼ 0.18, Cue, F(1,59) ¼ 39.92, p < 0.001,
hp
2 ¼ 0.40, and Instruction Phase by Cue, F(1,59) ¼ 11.39, p ¼ 0.001,
Fig. 4. Mean skin conductance responses (A) and heart rate changes (B) (and SEM) followin
non-threat condition (collapsed across groups and blocks within each instruction phase). *
hp
2 ¼ 0.16. Follow-up analyses for the threat/safety instruction

phase revealed more pronounced deceleration for the instructed
threat compared to the safety cue, p < 0.001. A similar, but smaller
difference between both stimuli was also evident during the non-
threat instruction phase (see Fig. 4 B; Non-threat (low reward) vs.
Non-threat (high reward)), p < 0.05. In addition, HR deceleration
was more pronounced for the threat cue relative to the corre-
sponding cue during non-threat instruction phase, p < 0.001, but no
differencewas found between the safety cue and the corresponding
cue during non-threat instruction, p ¼ 1.0.

Regarding the between-group manipulation Phase Order (initial
non-threat vs. initial threat/safety instruction phase), no in-
teractions were observed for Phase Order by Cue or Instruction
Phase, Fs(1,59) < 0.54, ps > 0.466, hp

2 < 0.01, nor for the three-way
interaction Phase Order by Cue by Instruction Phase, F(1,59)¼ 2.44,
p ¼ 0.124, hp

2 ¼ 0.04. Exploratory follow-up tests separately for the
initial non-threat group revealed a significant interaction of In-
struction Phase by Cue, F(1,28) ¼ 10.67, p < 0.01, hp

2 ¼ 0.28, indi-
cating no difference between stimuli in the non-threat phase,
p ¼ 0.11, but pronounced deceleration for the threat-relative to
safety-cue in the following threat/safety phase, p < 0.001.
g the onset of the colored cues (within 7 s) indicating threat-of-shock, safety, or during
p < 0.05, ***p < 0.001.
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Interestingly, no such interaction was observed for the group
starting with initial threat/safety instructions, F(1,31) ¼ 1.88,
p ¼ 0.18, hp

2 ¼ 0.06. Thus, pronounced threat deceleration from the
initial threat/safety instruction phase, p < 0.01, persisted in the
following non-threat instruction phase, p < 0.05.

4. Discussion

The present study showed that instructed threat e although
there were actually no aversive consequencese can trigger avoid-
ance of profitable decisions. Implementing an approach-avoidance
conflict, participants could choose a more profitable option which
was at the same time contingent with instructed threat of aversive
electrical stimulations. Another option was associated with less
rewards but always followed by an instructed safety signal (indi-
cating the absence of aversive consequences). Results showed that
choices implicating potential threat were initially avoided in favor
of less profitable but safe decisions. Furthermore, indicating
elevated fearful arousal, threat instruction was associated with
elevated skin conductance responses and heart rate deceleration,
which is typically found in anticipation of aversive events (Bradley
et al., 2005, 2001; Hermann, Ziegler, Birbaumer, & Flor, 2002;
Pineles, Orr, & Orr, 2009). These results are in line with much
previous research demonstrating the capability of verbal in-
structions to establish physiological and self-reported fear re-
sponses (e.g., Bublatzky et al., 2014, 2010; Olsson & Phelps, 2004;
Raes, De Houwer, De Schryver, Brass, & Kalisch, 2014) and extend
these findings from fear responding to behavioral avoidance.
Despite the psychophysiological pattern of defense activation,
avoidance behavior was transient and participants progressively
overcame aversive apprehensions in favor of profitable choices.
Thus, conflicting threat and reward resulted in initial avoidance of
profitable decisions. However, when having the choice, the mere
instruction about potential threat does not result in long-lasting
behavioral costs in healthy participants.

Some previous studies on decision making focused on the
impact of unspecific threat. For instance, verbal instructions about
unspecific aversive events was linked to general decision-making
biases such as elevated avoidance of risky gambling options
(Clark et al., 2012) or premature and non-systematic decisions
(Keinan, 1987). Moreover, previous studies also showed that
behavioral avoidance may be triggered by single instructed threat
cues (e.g., Dymond et al., 2012). The present study, for the first time,
specifically tied instructed threat cues to more profitable behav-
ioral choices. As expected, an increase in profitable, high-reward
decisions was observed after several contingent choice-reward
pairings. Importantly, when instructed threat was contingent
with high-reward choices, short-term avoidance of the profitable
option was observed. Such avoidance was apparent in participants
who made prior experience with reward contingencies (i.e., the
initial non-threat group) as well as those who did not (i.e., initial
threat/safety group). Importantly, avoidance was triggered irre-
spective of whether threat was the sole anticipated outcome (i.e.,
when reward contingencies were still uncertain) or whether a
decision conflict had already emerged (i.e., competing anticipation
of threat and rewards). Thus, novel verbal threat information may
suffice to bias decisions towards threat-driven avoidance, even
when avoidance is linked to the loss of alternative rewards.

Avoidance behavior was, however, transient across time. In both
groups, participants overcame initial avoidance and faced potential
threat in favor of maximizing gains. This pattern of transient
avoidance is in line with previous studies showing a reduction or
elimination of avoidance in approach-avoidance conflicts. For
example, individuals switch from avoidance of aversive or fear-
relevant stimuli to approach of rewards when reward values are
sufficiently high and certain (Aupperle et al., 2011, 2015; Schlund
et al., 2016; Sierra-Mercado et al., 2015; Talmi et al., 2009). Like-
wise, increased experiencewith rewards may counteract avoidance
of specific feared stimuli (e.g., spider pictures or angry faces in
spider or social phobia; Pittig et al., 2015; Pittig, Brand, et al., 2014;
Pittig, Pawlikowski, et al., 2014). Whereas decisions were linked to
the actual occurrence of aversive stimuli in these studies, the pre-
sent results provide first demonstration of a comparable impact of
mere verbal announcement of aversive contingencies. Interestingly,
having had prior experience with reward contingencies during
potential threat lead to more high-reward choices in the following
non-threat condition (in the initial threat/safety group). This may
indicate that adequate learning about reward contingencies may
have taken place during threat, but decisions were initially more
guided by threat information. In the absence of threat, this prior
reward learning was subsequently translated into more profitable
decisions.

Switching between approach and avoidance behavior has been
linked to changes of reward and threat values. Specifically, studies
using the actual occurrences of aversive stimuli showed that both
increasing reward and decreasing threat values may initiate a
transition from avoidance to approach (see Schlund et al., 2016). As
the present study used learning of stable rewards (i.e., without
instructions about reward contingencies), it cannot numerically
quantify the two processes. Comparing experimental groups,
however, indicates that both reward and threat learning were
involved in the pattern of transient avoidance. It seems likely that,
during the very first decisions, the rather small difference between
reward probabilities (60% vs. 40%) yielded ambiguity about which
option is more profitable. Thereby, the explicitly instructed threat
value was more likely to trigger avoidance (i.e., initial threat/safety
group). However, this reward ambiguity was weaker or absent for
participants, who could safely learn about reward contingencies
before threat-of-shock was introduced, but still showed short-term
avoidance of the learned profitable option (i.e., initial non-threat
group). Subsequently, increasingly more frequent choices of the
profitable option (despite threat) may relate to a decrease in threat
value of this option. This notion is supported by exploratory ana-
lyses on the time course of physiological fear as measured by skin
conductance responses. Whereas elevated SCRs were observed to
the instructed threat cues (i.e., first and third threat/safety block),
the magnitude of threat responses gradually decreases during
subsequent decisions. Thus, introducing threat instructions may
initially trigger physiological fear and avoidant decisions despite
costs, but competing reward learning seems to initiate approach
behavior and thereby set the stage for fear extinction.

The behavioral finding of rather short-term avoidance, and
decreasing physiological fear, appears partly contradicting to pre-
vious studies that showed persistent threat-of-shock effects on the
physiological expression of fear and anxiety. For instance, instruc-
ted threat effects, as indicated by subjective ratings, skin conduc-
tance level, and threat-potentiated startle responses, did not
subside until repeated test days without aversive reinforcement
(Bublatzky et al., 2014, 2013). In these studies, however, partici-
pants had no opportunity to actively avoid threat conditions;
accordingly, diverging effects likely relate to the mitigating impact
of controllability in the present design (cf. Foa, Zinbarg, &
Rothbaum, 1992; Grillon, Baas, Cornwell, & Johnson, 2006;
Hartley, Gorun, Reddan, Ramirez, & Phelps, 2014). Moreover, as
competing rewards enhanced approach of the instructed threat
cue, this self-paced approach seemed to facilitate learning about
the absence of aversive consequences and fear extinction learning.

Seen from a clinical perspective, dysfunctional avoidance is a
key feature of anxiety disorders (Hofmann, Alpers, & Pauli, 2009).
Whereas traditional models e such as Mowrers' two-factor theory
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(Mowrer, 1960) focus on fear and aversive consequences e adding
the effects of competing rewards and the costs of avoidance may
improve our understanding of the pathological qualities of anxiety.
For instance, avoidance of a beneficial behavior, which is linked to
aversive anticipations, may be particularly elevated in anxious in-
dividuals and reflect the sustained impairments of aversive ap-
prehensions (e.g., Dymond, Schlund, Roche,&Whelan, 2014; Gillan
et al., 2014; Pittig, Schulz, et al., 2014).

Furthermore, accounting for approach-avoidance conflicts is
crucial for the treatment of anxiety disorders. Although exposure-
based interventions are a highly effective treatment (Alpers,
2010; Hofmann & Smits, 2008; Tolin, 2010), there is ample need
for optimization (e.g., Craske, Treanor, Conway, Zbozinek, &
Vervliet, 2014; Loerinc et al., 2015). Current research mainly fo-
cuses on a maximization of fear extinction during exposure (e.g.,
Craske et al., 2014; Pittig, van den Berg, & Vervliet, 2016).
Expanding this focus, research on approach-avoidance conflicts
may inform about the precursory motivational-volitional mecha-
nisms of exposure (i.e., decision to undergo exposure exercises).

The present findings imply that incentives for approach can help
to reduce threat-related avoidance and thereby facilitate exposure
exercises and fear extinction. In support of this notion, better
treatment outcome is reported by patients with social anxiety
disorder who more often approached a fear-relevant stimulus to
gain long-term rewards (Pittig et al., 2015). Providing and high-
lighting approach incentives may thus be an important asset to
exposure therapy, especially for patients who are ambiguous about
conducting exposure. For these patients, incentives may strengthen
approach motivation beyond a tipping point, at which reward
values exceed threat values, and thereby initiate a switch from
dysfunctional avoidance to approach (see Schlund et al., 2016).
Similar motivational aspects are already addressed in some thera-
peutic strategies such as motivational interviewing (Miller &
Rollnick, 2012) or value-based exposure in Acceptance-
Commitment therapy (Hayes, Strosahl, & Wilson, 2003). However,
there is still little known about the involved processes, which are
crucial to understand and enhance motivational outcomes. Future
research is thus needed to pinpoint the underlying mechanism of
approach-avoidance decisions in healthy and anxious individuals.

The present study was designed to investigate the impact of
instructed threat on decision making, and some limitations and
future directions need to be acknowledged. As a result of partici-
pants' free choice, the number and order of threat/safety cue pre-
sentations differed considerably and precluded a standardized
trial-by-trial analysis of physiological data. Instructed threat
compared to safety cues reliably enhanced overall sympathetic
system activation; however, caution is needed regarding the time
course of physiological threat effects. Specifically, favoring one
option (e.g., profits despite threat) results in decreasing number of
trials for the other option (e.g., costs on safety trials), which is likely
to bias threat/safety comparisons especially when participants start
to develop behavioral preferences. Here, other physiological mea-
sures of defense activation (e.g., startle response) may be better
suited to test the temporal dynamics of behavioral change and its
physiology to fully evaluate fear extinction and its link to behavior
change (Richter et al., 2012). Moreover, increasing reward or threat
probabilities (e.g., 70% vs. 30%) and/or intensities (e.g., 0.1 vs. 1V
reward, or less vs. more unpleasant shock threat) may maximize
approach-avoidance conflict and potentially help identify individ-
ual differences that contribute to clinical avoidance. The present
paradigmmay also be useful to probe the effects of different means
andmechanisms of fear learning on behavioral decisionmaking, for
example, observational learning or fear generalization (Cameron,
Schlund, & Dymond, 2015; Dymond, Dunsmoor, Vervliet, Roche,
& Hermans, 2015; Olsson & Phelps, 2007).
Taken together, the present study combined two well-
established paradigms: verbal threat learning and a reward-based
decision making task. Focusing on the impact of aversive antici-
pation on reward-directed decisions, an approach-avoidance con-
flict was established. Having the choice between high- or low-
reward options e that were contingent with instructed threat or
safety e participants initially preferred safe but non-profitable
decisions. However, as instructed threat was not substantiated by
actual aversive consequences, avoidancewas transient and decision
behavior changed in favor of profitable but potentially threatening
decisions. Thus, conflicting threat and reward-based learning
revealed initial avoidance of profitable decisions. However, when
they have a choice, the mere instructed threat of aversive events
does not result in long-lasting behavioral costs in healthy
participants.
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