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1 | INTRODUCTION

| Nicolo Biagi1 | Tina B. Lonsdorf> | Marta Andreatta’

Abstract

Individuals, who score high in self-reported intolerance of uncertainty (IU), tend to find
uncertainty anxiety-provoking. IU has been reliably associated with disrupted threat
extinction. However, it is unclear whether [U would be related to disrupted extinction to
other arousing stimuli that are not threatening (i.e., rewarding). We addressed this ques-
tion by conducting a Pavlovian reward conditioning task with acquisition and extinc-
tion training phases (n = 58). In the Pavlovian reward conditioning task, we recorded
liking ratings, skin conductance response (SCR), and corrugator supercilii activity (i.e.,
brow muscle indicative or negative and positive affect) to learned reward (CS+) and
neutral (CS—) cues. Typical patterns of reward acquisition and extinction training were
observed for liking ratings. There was evidence for conditioning in SCR during the ex-
tinction training phase but not the acquisition training phase. However, no evidence of
conditioning in either the acquisition or extinction training phase was observed for the
corrugator supercilii. [U was not related to any measures during the acquisition or ex-
tinction training phases. Taken together, these results suggest that the current Pavlovian
reward conditioning task was not sufficient for eliciting a reliable conditioned reward
response, and therefore, further research with optimized reward conditioning designs

are required to test whether IU-related deficits occur during the extinction of reward.
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heightened physiological and neural activity to uncertain
threat and reward (for review, see Tanovic et al., 2018).

Individuals, who score high in self-reported intolerance of un-
certainty (IU), tend to find uncertainty negative (i.e., stressful,
distressing; Carleton, 2016a, 2016b). IU is a transdiagnostic
risk factor, as high levels of self-reported IU are observed
in a number of mental health disorders (Kesby et al., 2017;
McEvoy & Mahoney, 2012). Recent research has shown indi-
viduals high in IU, relative to individuals low in IU, to display

The majority of the literature has, so far, focused on how
IU is involved in the processing of uncertain threat. Research
suggests that IU may play a critical role in associative threat
learning (for review see Tanovic et al., 2018). During threat
acquisition training with partial reinforcement, there is some
evidence that individuals with high U display greater startle
blink to learned threat versus safety cues (Chin et al., 2016;
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Sjouwerman et al., 2020). However, a number of studies
have not found relationships between IU and physiologi-
cal measures during threat acquisition training with partial
reinforcement (Dunsmoor et al., 2015; Lucas et al., 2018;
Morriss, 2019; Morriss et al., 2020). Notably, the relation-
ship between IU and threat extinction training is more consis-
tent: during threat extinction training, individuals with high
IU have been shown to display greater skin conductance,
pupil dilation, and amygdala activity to learned threat ver-
sus safety cues (Morriss et al., 2015, Morriss, Christakou,
et al., 2016, Morriss, Macdonald, et al., 2016; Morriss & van
Reekum, 2019; Wake et al., 2021).

During threat extinction training, the conditioned stimu-
lus (CS+: i.e., a shape) is presented without the associated
unconditioned stimulus (US: i.e., shock or loud noise). This
change in contingency may result in two different interpreta-
tions for the CS+ (Bouton, 2002): the CS+ may be interpreted
either as an uncertain threat cue or as a safety cue. It has been
suggested that the uncertainty surrounding the meaning of
the CS+ during extinction is what maintains the conditioned
response in individuals with high IU (Dunsmoor et al., 2015;
Morriss & van Reekum, 2019; Morriss et al., 2019). This ex-
planation is in line with a current definition of IU, which pos-
tulates that individuals with high IU have central beliefs that
information is missing or omitted, which in turn sustains the
perception of uncertainty and associated heightened physio-
logical arousal (Carleton, 2016b, p. 31).

From the existing literature, it is evident that individuals
with higher IU have difficulty extinguishing the threat as-
sociation, even when mild (Morriss et al., 2019). However,
gaps still remain in the literature as to what experimental
parameters induce disrupted extinction in individuals with
high IU. For example, is disrupted extinction in individuals
with higher IU limited to situations with uncertain threat or
can it occur with other uncertain stimuli with arousing prop-
erties (i.e., rewarding)? Indeed, there is a small emerging
literature on the role of IU in the processing of uncertain
reward. During the anticipation of uncertain reward, indi-
viduals with high IU display greater anterior insula activity
(Gorka et al., 2016) and altered electroencephalogram and
event-related potential responses (Nelson et al., 2014, 2016).
Furthermore, a handful of decision-making studies have
demonstrated that individuals with high IU are more likely to
choose immediate smaller rewards over waiting for larger un-
certain rewards (Carleton et al., 2016; Luhmann et al., 2011;
Tanovic, Hajcak, et al., 2018). Based on the aforementioned
evidence, it is possible that individuals with high IU may also
display differences during the acquisition and extinction of
reward associations.

Given that IU is transdiagnostic and that associative learn-
ing principles underpin current exposure therapies (Craske
et al., 2014), examining whether IU is related to the acquisi-
tion and extinction of reward may provide crucial information

relevant to the pathology and treatment of a number of men-
tal health disorders that have a reward component and rely on
exposure therapy such as substance abuse and eating disor-
ders (Koskina et al., 2013; Marissen et al., 2007).

Here, we conducted a Pavlovian reward conditioning task
to assess the relationship between individual differences in
self-reported IU and conditioned reward responses. We mea-
sured skin conductance response, corrugator supercilii activ-
ity (i.e., brow muscle indicative of negative or positive affect)
and liking ratings of the CS+ and CS— during the acquisi-
tion and extinction training phases. We used secondary re-
wards (i.e., money) as unconditioned stimuli and visual shape
stimuli as conditioned stimuli, in line with previous condi-
tioning research (Andreatta & Pauli, 2015, 2019; Ebrahimi
et al., 2019; Kruse et al., 2020; Kruse et al., 2018; Kruse
et al., 2017; Tapia Le6n et al., 2018; Tapia Leodn et al., 2019;
van den Akker et al., 2017). We used a 50% reinforcement
rate during acquisition training to prolong the effect of condi-
tioning (Bouton, 2002) and induce greater uncertainty during
extinction similar to our previous work (Morriss, 2019; Wake
et al., 2020).

We hypothesized that during reward acquisition training,
skin conductance responding and liking ratings would be
higher, and corrugator supercilii activity would be lower, to the
learned reward (CS+) versus neutral (CS—) cues, indicative of
conditioned responding (Andreatta & Pauli, 2015; Ebrahimi
et al., 2019; Kruse et al., 2017; Kruse et al., 2018; Kruse
et al., 2020; Tapia Leon et al., 2018; Tapia Leon et al., 2019;
van den Akker et al., 2017; Wardle et al., 2018). Given the lack
of [U-related findings for the acquisition training phase in past
research, we did not have any specific IU hypotheses for the
acquisition training phase. We hypothesized that if [U-related
effects during extinction training are driven by the arousing-
ness of an uncertain stimulus, then higher IU, relative to lower
IU, will be associated with larger conditioned responding to
CS+ versus CS— cues during reward extinction training. We
tested the specificity of IU effects by controlling for trait anx-
iety, assessed by the State-Trait Inventory for Cognitive and
Somatic Anxiety (STICSA; Ree et al., 2008). We selected the
STICSA because it is thought to be a purer measure of anxiety,
compared to other trait anxiety measures which also feature
depressive symptomology (Gros et al., 2007).

2 | METHOD

2.1 | Participants

Fifty-eight participants were recruited from the University of
Reading and local area through the use of advertisements and
word of mouth (Sex: 29 female, 29 male; Mage = 25.42 years,
8D,y = 4.70 years, range = 18-35 years; Ethnicity: 32 White,
16 Asian, 4 not specified, 3 Mixed, 2 Black, and 1 Arab; Sexual
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Orientation: 45 Heterosexual, 10 not specified, and 3 Sexual
Minorites [homosexual/bisexual]). We recruited participants
who were between the ages of 18 and 35 years. No other exclu-
sion criteria was used for recruitment. Participants were paid
£5 remuneration for their time. Participants provided written in-
formed consent. The procedure was reviewed and accepted by
the University of Reading Research Ethics Committee.

Multilevel models (MLM) were used to analyze experi-
mental data, where U and STICSA scores were entered into
the analysis as continuous predictor variables. Due to the
complexity of MLMs, there is no agreed upon method for
calculating power and estimating sample size for MLM
(Peugh, 2010). Therefore, appropriate sample sizes were esti-
mated based upon power analyses using a repeated measures
ANCOVA. The sample size of this study was based on a
power analysis using the average effect size ('/5 = (.16) taken
from Stimulus X Time X IU interactions for SCR magnitude
from five previous experiments (4/5 with significant effects
of IU; Morriss et al., 2015, Morriss, Christakou, et al., 2016,
Morriss, Macdonald, et al., 2016; Morriss & van
Reekum, 2019). The following parameters were used in
G*Power 3.1.9.7: effect size f = 0.40 (converted from
Mo = 0.16 and rounded down), o error probability = 0.05,
Power (1-f error probability) = 0.8, numerator df = 1, num-
ber of covariates = 2 (IU, STICSA). The total sample size
suggested was an n = 52. Due to nonresponding in SCR (typ-
ically 5%—10% of sample), we attempted to increase statisti-
cal power by recruiting a total n of 60. However, due to the
Covid-19 pandemic, recruitment was interrupted, leaving the
current study with a total sample size of n = 58.

2.2 | Materials

The conditioning task was designed using E-Prime 2.0 soft-
ware (Psychology Software Tools Ltd, Pittsburgh, PA).
Participants were seated approximately 60 cm from the
screen. Visual stimuli were yellow and blue squares dis-
played on a black background. To represent monetary re-
ward, the presentation of a “£” symbol and a 1,000-ms 70 dB
sound of coins dropping served as the US.

The task comprised three phases: acquisition, an immediate
extinction training, and reinstatement (not included here). During
acquisition training, one of the squares was paired with the US
50% of the time (CS+), whereas the other square was presented
alone (CS—). During extinction training, the squares were pre-
sented in the absence of the US. There was no explicit break
between the acquisition and extinction training phases, although
there was a rating period between (see below). Conditioning
contingencies (i.e., assignment of the CS+ and CS—) were coun-
terbalanced. We did not include a habituation phase.

The acquisition training phase consisted of 16 trials (4
CS+ paired, 4 CS+ unpaired, 8 CS—). The extinction training
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phase comprised of 32 trials (16 CS+ and 16 CS—), where
early is defined as the first 8 CS+/CS— trials, and late is de-
fined as the last 8§ CS+/CS— trials. Experimental trials were
pseudo-randomized such that the first trial of acquisition
training was always a CS+ paired and then after each trial
type could only be played 3 times in a row. The CS's (squares)
were presented for a total of 6 s. After this, a blank black
screen was presented for 8—12 s and served as the intertrial
interval. During reinforced trials, presentation of the CS+
coterminated exactly with the presentation of the US (i.e.,
the “£” symbol [displayed above the CS] and the sound were
presented from 5-6 s post CS onset).

Blocks of trials in acquisition consisted of 8 trials and in
extinction consisted of 16 trials. At the end of each block,
participants were asked to rate how much they liked the blue
square and yellow square, where the scale ranged from 1
(“Don't Like”) to 9 (“Do Like”).

Participants were presented with two 9-point Likert scales
at the end of the experiment. Participants were asked to rate:
(1) the liking and (2) the arousal of the stimuli (i.e., the “£”
symbol and sound stimulus combined). These scales ranged
from 1 (Liking: very negative; Arousal: calm) to 9 (Liking:
very positive; Arousal: excited).

2.3 | Procedure

On the day of the experiment, participants were informed
about the experimental procedures upon arrival at the labora-
tory. Participants were then seated in the testing booth and
asked to complete a consent form and a series of question-
naires (see Section 2.4) on the computer screen.

After the questionnaires, physiological sensors were at-
tached to the participants' left hand and left brow. Before
the task began, participants were played the sound stimu-
lus through the headphones, so they knew what to expect.
Participants were instructed: (1) to maintain attention to
the task by looking at the geometrical shapes, (2) to use the
keyboard for the ratings, (3) that the “£” symbol and sound
represented a value of £1, and (4) that the £5 from taking
part was separate from the money acquired during the task,
and that they would receive the total amount of money at the
end of the experiment. The conditioning task (see Section 2.2
above for details) was presented on a computer screen whilst
skin conductance response, corrugator supercilii and liking
ratings were recorded.

To maintain uncertainty, participants were not instructed
about the CS-US contingency or the total amount of money
that could be acquired during the task. The total amount of
money that could be won during the task was fixed at £5.
Therefore, all participants received a total £10 (£5 from
taking part and £5 acquired from the task) at the end of the
experiment.
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2.4 | Measurements

2.4.1 | Questionnaires

To assess intolerance of uncertainty and trait anxiety, we
administered the Intolerance of Uncertainty Scale (IUS;
Freeston et al., 1994) and State-Trait Inventory for Cognitive
and Somatic Anxiety (STICSA; Ree et al., 2008). The TUS
measure consists of 27 items that are rated on a 5-point Likert
scale. The STICSA measure consists of 21 items that are
rated on a 4-point Likert scale.

242 | Rating scoring

Rating data were reduced for each participant by calculat-
ing their average responses for each experimental condition
(Acquisition CS+; Acquisition CS—; Extinction Training
CS+ Early; Extinction Training CS— Early; Extinction
Training CS+ Late; Extinction Training CS— Late) using the
E-Data Aid tool in E-Prime (Psychology Software Tools Ltd).
For this measure, we had 58 participants with usable data.

2.4.3 | Skin conductance
acquisition and scoring

Identical to previous work (Morriss, 2019), physiological re-
cordings were obtained using AD Instruments (AD Instruments
Ltd) hardware and software. Electrodermal activity was meas-
ured with dry MLT118F stainless steel finger electrodes that
were attached to the distal phalanges of the index and middle
fingers of the left hand. A low constant-voltage AC excita-
tion of 22 mVrms at 75 Hz was passed through the electrodes,
which was connected to a ML116 GSR Amp, and converted to
DC before being digitized and stored. A PowerLab 26T Unit
Model was used to amplify the skin conductance signal, which
was digitized through a 16-bit A/D converter at 1,000 Hz. The
electrodermal signal was converted from volts to microSie-
mens using AD Instruments software (AD Instruments Ltd).
Skin conductance response onsets and offsets were marked
using ADinstruments software (AD Instruments Ltd) and ex-
tracted using Matlab R2017a software (The MathWorks,
Inc.). Skin conductance response onsets and offsets were as-
signed using a macro in ADinstruments that detected changes
in slope within the derivative of the skin conductance chan-
nel. The skin conductance responses were then visually in-
spected to ensure the onsets and offsets were assigned
correctly. If there was more than one SCR in the CS scoring
window, the SCRs were scored separately, and the amplitude
was averaged across SCRs for that CS scoring window (0.03%
of CS scoring windows). Skin conductance responses (SCR)
were scored when there was an increase of skin conductance

exceeding 0.03 microSiemens (Dawson, Schell, & Filion,
2000). The amplitude of each response was scored as the dif-
ference between the onset and the maximum deflection prior
to the signal flattening out or decreasing. SCR onsets and re-
spective peaks were counted if the SCR onset was within
0.5—4 s (CS response) following CS onset (Bauer et al., 2020;
Morriss et al., 2016). Trials with no discernible SCRs were
scored as zero. The first paired CS+ trial was discarded due to
the large orienting response confound. SCRs were then square
root transformed to reduce skew and z-scored (within individ-
uals) to control for interindividual differences in skin conduc-
tance responsiveness not due to the experimental manipulation
(i.e., different skin physiology such as dryness/wetness of the
skin; Ben-Shakhar, 1985). SCR magnitudes were calculated
by averaging SCR values for each condition (Acquisition
CS+; Acquisition CS—; Extinction Training CS+ Early;
Extinction Training CS— Early; Extinction Training CS+
Late; Extinction Training CS— Late). Nonresponders were
defined as those who responded to 10% or less of the total
CS+ and CS— trials across acquisition and extinction training
(48 trials in total; Morriss et al., 2018; Xia et al., 2017; cf. for
detailed commentary on alternative nonresponding criterions,
see Lonsdorf et al., 2019). Using this criterion, eight nonre-
sponders were excluded from the SCR analyses, leaving 50
participants with useable SCR data.'

2.4.4 | Corrugator supercilii
acquisition and scoring

The protocol for corrugator acquisition and scoring was
in line with previous research (Morriss, 2019) and recom-
mendations (Tassinary & Cacioppo, 2000). Facial electro-
myography measurement of the left corrugator supercilii was
obtained by using a pair of 4-mm Ag/AgCl bipolar surface
electrodes connected to the ML138 Bio Amp. The bipolar
surface electrodes were placed approximately 15 mm apart
on the left brow. The reference electrode was a singular 8-mm
Ag/AgCl electrode, placed upon the middle of the forehead,
and connected to the ML138 Bio Amp. Before placing the
sensors, the skin site was slightly abraded with isopropyl al-
cohol skin prep pads to reduce skin impedance to an accept-
able level (below 20 k). EMG was sampled at 1,000 Hz. A
high-pass filter of 20 Hz was applied to the raw EMG online
(Solnik et al., 2008). The EMG were root mean squared of-
fline (Fridlund & Cacioppo, 1986).

Corrugator supercilii activity was extracted using R soft-
ware (R Core Team, 2014). Corrugator supercilii activity was
averaged for each 1,000 ms window following CS onset, result-
ing in five windows of 1,000 ms each. These data were baseline

ISCR results were slightly weaker but similar when including the
nonresponders: acquisition [stimulus: F(1, 56) = 1.707, p =.197] and
extinction [stimulus: F(1, 207.063) = 3.837, p =.051].
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corrected by subtracting 2,000 ms preceding each CS onset from
a blank screen (similar to procedures used by Morriss, 2019).
Corrugator supercilli activity was z-scored (within individuals)
to control for interindividual differences in corrugator supercilli
activity not due to the experimental manipulation (i.e., different
skin types or muscle size; Ben-Shakhar, 1985). Corrugator su-
percilii trials were averaged per condition and second window
(Acquisition CS+; Acquisition CS—; Extinction Training CS+
Early; Extinction Training CS— Early; Extinction Training
CS+ Late; Extinction Training CS— Late).

For the corrugator supercilii data, there was a recording
error for 1 participant, thus, leaving 57 participants with use-
able corrugator supercilii data.

2.5 | Analyses
The analyses were conducted using the mixed procedure in
SPSS 24.0 (SPSS, Inc). We conducted separate MLMs for
SCR magnitude, corrugator supercilii activity and liking
ratings during acquisition and extinction training. For SCR
magnitude and liking ratings during the acquisition train-
ing phase we entered Stimulus (CS+, CS—) at level 1 and
individual subjects at level 2. For SCR magnitude and lik-
ing ratings during the extinction training phase we entered
Stimulus (CS+, CS—) and Time (Early: first 8 CS+/CS—
trials, Late: last 8 CS+/CS— trials) at level 1 and individual
subjects at level 2. For corrugator supercilii activity, an ad-
ditional factor of Second (time bins: 1, 2, 3, 4, 5) at level 1
was included in the MLMs. We included individual differ-
ence predictor variables (IU and STICSA) in the MLMs. In
all models, we used a diagonal covariance matrix for level
1. Random effects included a random intercept for each
individual subject, where a variance components covari-
ance structure was used. Fixed effects included Stimulus
and Time. We used a maximum likelihood estimator for
the MLMs.

The IUS and STICSA covariates were entered sepa-
rately. If there was a significant interaction with one of the

TABLE 1

extinction, and late extinction

Acquisition
Measure CS+ CS—
Liking rating (1-9) 6.34 (1.93) 3.84 (2.11)
Square root transformed 0.01 (0.38) —0.08 (0.28)
and z-scored SCR
magnitude (\/ us)
Z-scored corrugator —0.00 (0.22) 0.02 (0.23)

supercilii activity (pV)

Early extinction
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predictor variables (IUS, STICSA), then we conducted a
further MLM with both predictor variables entered to test
specificity. Based on previous work (Morriss, 2019), we
expected such specificity for IUS, but we explored inter-
actions with STICSA, given findings with trait anxiety in
the conditioning literature (Lonsdorf & Merz, 2017). If a
significant interaction was observed with IUS (or STICSA),
we performed follow-up pairwise comparisons on the esti-
mated marginal means of the relevant conditions estimated
at specific IUS values of + or —1 SD of mean IUS, adjusted
for STICSA (or IUS; Morriss, 2019; Morriss, Saldarini, &
Van Reekum, 2019).

3

| RESULTS

For descriptive statistics, see Table 1.

3.1 |

Questionnaires

The self-reported anxiety measures had excellent internal
reliability: IUS (M = 63.87, SD = 20.06, range = 30-112,
a = 0.94); STICSA (M = 38.43, SD = 9.88, range = 24-66,
a = 0.89). IUS was positively significantly correlated with
STICSA, r(56) = 0.745, p <.001.

3.2 |

Ratings

The “£” symbol and sound stimulus was on average rated as
moderately positive (M = 7.39, SD = 1.58, range 3-9, where
1 = very negative and 9 = very positive) and moderately
arousing (M = 6.36, SD = 2.10, 1-9, range where 1 = calm
and 9 = excited).

During acquisition training participants reported greater
liking ratings of the CS+, compared to the CS— [stimulus:
F(1, 115.186) = 47.372, p < .001; see Table 1, Figure 1;
Figure S1]. No significant interactions with IUS or STICSA

Summary of means (SD) for each dependent measure as a function of condition (CS+ and CS—), separately for acquisition, early

Late extinction

CS+ CcS— CS+ CcS—
4.86 (1.96) 3.64 (2.19) 371 (1.91) 3.33 (2.08)
0.06 (0.40) —0.11 (0.28) 0.06 (0.37) 0.04 (0.40)
~0.00 (0.23) —0.00 (0.26) 0.02 (0.25) —0.04 (0.25)

Note: Liking ratings from 1 to 9, where 1 is like and 9 is dislike; SCR magnitude (\/ uS), square root transformed and z-scored skin conductance magnitude measured
in microSiemens; Corrugator supercilii activity (uV), z-scored corrugator supercilii activity measured in microVolts.
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were observed for the ratings during acquisition training,
max F = 1.332.

During extinction training, participants reported greater lik-
ing ratings for the CS+, compared to the CS— [Stimulus: F(1,
170.616) = 16.327, p < .001; see Table 1; Figure 1]. Ratings
of liking dropped over time [Time: F(1, 170.616) = 13.639,
p < .001; stimulus X time: F(1, 170.616) = 4.533, p =.035].
Follow-up pairwise comparisons revealed that partici-
pants reported: (1) greater liking ratings for the CS+ versus
CS — during early extinction training, p < .001, but not during
late extinction training, p = .165; (2) greater liking ratings of
the CS+ during early, compared to late extinction training,
p < .001; and (3) smaller liking ratings of the CS— during
early and late extinction training, p = .295. No significant
interactions with IUS or STICSA were found for the ratings
during extinction training, max F = 2.755.

33 | SCR

During acquisition training, SCRs were larger to the CS+,
compared to the CS—; however, this pattern was not sig-
nificant [Stimulus: F(1, 50) = 2.197, p = .145; see Table 1,
Figure 1; Figure S1]. No significant interactions with IUS or
STICSA were observed for SCRs during acquisition training,
max F = 0.431.

During extinction training, SCRs were significantly larger
to the CS+, versus the CS— [Stimulus: F(1, 187.817) =4.012,
p = .047; see Table 1, Figure 1; Figure S1]. No other signifi-
cant effects of time or stimulus X time, or interactions with
IUS and STICSA were observed, max F' = 2.686.

2Square root transformed SCR (without z-scoring) yielded weaker effects
for acquisition [stimulus: (1, 50) = 0.297, p =.588]. However, square root
transformed SCR (without z-scoring) revealed similar results for extinction
[Stimulus: F(1, 142.650) = 4.542, p =.035]. For square root transformed
SCR, there were no significant interactions with IU or STICSA, max

F =3.046.

3.4 | Corrugator supercilii activity
During acquisition training, we did not observe a significant
difference for corrugator supercilii activity to the CS+, ver-
sus the CS— [stimulus: F(1, 471.367) = 1.541, p = .215; see
Table 1]. There was a significant interaction between [US and
the corrugator supercilii during acquisition; however, these
results were likely spurious (see the Supporting Information).
We observed no significant differences in corrugator su-
percilii activity to the CS+, versus the CS— during extinc-
tion training nor a significant interaction with time [stimulus:
F(1, 1,042.553) = 2.964, p = .085; stimulus X time: F(1,
1,042.553) = 3.086, p = .079; see Table 1; Figure 1]. No
significant interactions with IUS or STICSA were observed
for the corrugator supercilii during extinction training, max
F=1.136.

4 | DISCUSSION

In the current study, we examined the role of self-reported
IU in reward acquisition and extinction. Typical patterns
of reward acquisition were observed for the liking ratings.
However, there was very little evidence for reward acqui-
sition in the SCR and corrugator supercilii measures. IU
was not related to any measures during the acquisition or
extinction training phases. Such results suggest that the
Pavlovian reward conditioning task used in this experiment
was not sufficient for evoking a reliable conditioned re-
sponse, and that further research is needed with optimized
experimental designs to test whether IU modulates the ex-
tinction of reward.

Similar to aversive conditioning, (Lonsdorf et al., 2017),
appetitive conditioned responses can be elicited by a CS
when this stimulus predicts an appetitive US, regardless if
this is a primary (i.e., food; Andreatta et al., 2015, Ebrahimi
et al., 2019; Wardle et al., 2018) or a secondary (i.e., money,
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Kruse et al., 2017; Tapia Ledn et al., 2018; Tapia Leon
etal., 2019) reward. In line with previous work, reward acqui-
sition was observed via liking ratings to the CS+ versus CS—
cues (Andreatta & Pauli, 2015, 2019; Ebrahimi et al., 2019;
Kruse et al., 2017, 2018; Tapia Le6n et al., 2019; Wardle
et al., 2018). However, reward acquisition was not observed
via SCRs and the corrugator supercilii. Although patterns
of SCR and corrugator supercilii responding were in the
expected direction (i.e., greater SCR and less corrugator su-
percilii activity to the CS+ versus CS— cues (see Figure S1;
Wardle et al., 2018). It is possible that the conditioned re-
sponse is slower to emerge for uninstructed Pavlovian reward
conditioning, compared to instructed Pavlovian reward con-
ditioning (Tapia Leon et al., 2019) and uninstructed instru-
mental reward conditioning (Kruse et al., 2017, 2018, 2020).

Furthermore, typical patterns of reward extinction were
observed in the liking ratings, whereby liking ratings were
larger to the CS+ versus CS— cues during early extinction
training, compared to late extinction training (Andreatta &
Pauli, 2015; Ebrahimi et al., 2019; Kruse et al., 2017, 2020).
Interestingly, SCRs were larger overall to the CS+, compared
to the CS— throughout extinction training. We would have
expected this difference in SCRs to diminish across extinc-
tion training (see Figure S1). The discrepancy between the
psychophysiology results from our study and previous re-
search on appetitive conditioning (Andreatta & Pauli, 2015,
2019; Ebrahimi et al., 2019; Kruse et al., 2017, 2018; Tapia
Leon et al., 2018, 2019; Wardle et al., 2018) may be due to
design details such as the number of trials presented during
acquisition training, and differences in motivation and incen-
tive (i.e., other studies have made participants hungry before
testing or have made them learn to press a button to receive
reward).

The hypothesis was that if [U-related effects during extinc-
tion are driven by the arousingness of an uncertain stimulus,
then higher IU, relative to lower IU, would be associated with
larger conditioned responding to CS+ versus CS— during ex-
tinction training. However, IU was not associated with any of
the rating or physiological measures during reward extinction
training. [U-related effects may have not been observed in the
current study because boundary conditions for reward acqui-
sition were not met (i.e., a reliable conditioned response was
not found across measures). For example, perhaps, IU-related
effects would have been observed during the extinction of re-
ward if the rewarding stimulus was more arousing (i.e., larger
monetary rewards), if participants had to actively engage (i.e.,
pressing a button to receive the monetary reward) or if the re-
warding stimulus was motivationally relevant in relation to a
threat or loss to the self (i.e., money when poorer, food when
hungry, and substances such as nicotine or alcohol when
addicted). Further evidence is warranted to make stronger
conclusions on the role of IU in reward extinction, compared
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to threat extinction (Dunsmoor et al., 2015; Morriss, 2019;
Morriss & van Reekum, 2019).

The study had a few strengths and weaknesses. Firstly, to
be comparable with previous research on IU and uninstructed
Pavlovian conditioned threat (Morriss et al., 2015, Morriss,
Christakou, et al., 2016, Morriss, Macdonald, et al., 2016),
the current study used an uninstructed Pavlovian conditioned
reward (i.e., to receive the reward no action is required).
However, as far as we are aware only one study to date has
used monetary reward with an uninstructed Pavlovian design
(Tapia Leon et al., 2018), and the majority of research has
used uninstructed instrumental designs (Kruse et al., 2018,
2020; Kruse et al., 2017; i.e., to receive the reward an action
needs to be made). Thus, the current study provides import-
ant information on Pavlovian conditioned reward generally
and in relation to IU but there is limited research to directly
compare against. Secondly, in the current study we did not
assess contingency awareness, which may have been benefi-
cial for further explaining the pattern of results generally and
in relation to IU.

In conclusion, IU was not related to any measure during
the reward acquisition or extinction training phases. These
initial null results, potentially due to boundary conditions not
being met, suggest that further research is needed with opti-
mized reward conditioning designs to clarify the role of IU in
the extinction of reward. Future research on the role of IU in
the extinction of reward may benefit from varying the levels
of uncertainty, reward and motivation/incentive.
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