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Abstract

Individuals who score high in self-reported Intolerance of Uncertainty (1U) tend to find
uncertainty unacceptable and aversive. In recent years, research has shed light on the
role of IU in modulating subjective (i.e. expectancy ratings) and psychophysiological
responses (i.e. skin conductance) across different classical fear conditioning
procedures. In particular, during immediate extinction higher IU is associated with
disrupted safety learning. However, there remain gaps in understanding how IU, in
comparison to other negative emotionality traits (STAI-T), impact different types of
subjective and psychophysiological measures during different classical fear conditioning
procedures. In our exploratory study, we analyzed U, STAI-T, subjective (i.e. fear
ratings) and psychophysiological (i.e. skin conductance, auditory startle blink) data
recorded during fear acquisition training and 24h-delayed extinction training (n = 66).
Higher IU, over STAI-T, was: (1) significantly associated with greater fear ratings to the
learned fear cue during fear acquisition training, and (2) at trend associated with greater
fear ratings to the learned fear versus safe cue during delayed extinction training. Null
results were observed for both 1U and STAI-T in relation to skin conductance and
auditory startle blink during fear acquisition training and delayed extinction training.
These results add to and extend our current understanding of the role of IU on
subjective and physiological measures during different fear conditioning procedures
particularly that of subjective fear ratings during acquisition and delayed extinction

training. Implications of these findings and future directions are discussed.
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1 Introduction

The fear of the unknown is thought to play a central role in pathological fear and anxiety
(Carleton, 2016a) and is considered a sub facet of the higher order construct of
neuroticism, which relates to broader negative affect (Barlow et al., 2014; Carleton,
2016a; Clark & Beck, 2011). A proxy measure of the fear of the unknown is self-
reported Intolerance of Uncertainty (IU) which can be measured through standardized
guestionnaires (Carleton, 2016b). Individuals who score high in self-reported IU tend to
find uncertainty unacceptable and aversive (Carleton et al., 2007; Freeston et al., 1994).
Notably, IU is considered a transdiagnostic dimension, as high levels of self-reported IU
are observed across a wide range of mental health disorders such as anxiety, trauma,
and obsessive compulsive disorders (Carleton et al., 2012; McEvoy et al., 2019).
Crucially, several novel intervention and clinical studies have highlighted the potential of
IU as a transdiagnostic treatment target (Oglesby et al., 2017; van der Heiden et al.,
2012) and trans-therapy change process (McEvoy & Erceg-Hurn, 2016). Because of
these recent advances, the spotlight has shifted to examining the neural and
psychophysiological basis of IU (Tanovic et al., 2018), in order to identify IU-related

mechanisms that can be targeted in therapeutic treatments (Shihata et al., 2016).

Classical fear conditioning mechanisms are commonly examined to model the
development, treatment and relapse of anxiety, trauma, and obsessive compulsive
disorders (Craske et al., 2014; Jacoby & Abramowitz, 2016; McNally, 2007; Pittig et al.,
2018). Classical fear conditioning procedures can be used to capture different aspects
of fear and safety learning (for review see Lonsdorf et al., 2017). During fear acquisition

training, a neutral stimulus (CS+: e.g. visual cue) is repeatedly paired with an aversive



outcome (US: e.qg. electric shock). Another stimulus (CS-) with no outcome is also
typically presented (i.e. differential conditioning) and signals safety. Over the course of
fear acquisition training, the CS+, relative to the CS-, elicits a conditioned response (e.qg.
subjective fear and/or larger physiological response). During extinction training, the CS+
is presented in the absence of reinforcement, which results in the reduction of the
conditioned responding over time. Return of fear procedures can be used to further
probe competition between previously learned fear and safety associations. For
instance, during reinstatement, an unsignalled US typically results in a return of the

conditioned responding (for review see Haaker et al., 2014).

Promisingly, a growing body of research has started to assess the role of IU in
modulating classical fear conditioning mechanisms during different classical fear
conditioning procedures (for review see Lonsdorf & Merz, 2017; Morriss, Wake et al.,
2021; Morriss et al., 2021; Sjouwerman et al., 2020). Currently, the findings have been
mixed with regards to how IU influences initial learning of fear and safety associations
during fear acquisition training (for review see Morriss, Zuj et al., 2021). However, there
is clearer evidence demonstrating how high levels of 1U disrupt the learning of safe
associations during extinction training (i.e. higher 1U is associated with greater skin
conductance responding to learned fear vs. safe cues during late extinction training)
(Morriss et al., 2021). Despite this progress, there remain several nuances that require
addressing, in order to form firmer conclusions on the modulatory impact of IU upon fear
conditioning mechanisms during fear acquisition and extinction training. This is a
prerequisite to facilitate translation of these basic research findings into tailored

prevention and intervention approaches.



Firstly, IU-related effects during classical fear conditioning procedures have
primarily been examined using self-reported ratings of expectancy and skin
conductance response (Morriss, Zuj, et al., 2021). However, only a few studies have
examined IU-related effects using self-reported ratings of fear and other
psychophysiological measures such as fear potentiation of the startle reflex (Mertens &
Morriss, 2021; Sjouwerman et al., 2020). Importantly, different measures have different
temporal profiles and thus capture distinct aspects of how fear and safety signals are
processed (e.g., Contantinou et al., 2021; Lipp, 2006; Lonsdorf et al., 2017). Hence,
establishing whether IU-related effects are specific to a particular measure or generalise
across measures may reveal how IU-related biases modulate classical fear conditioning
mechanisms. Secondly, the majority of studies examining IU have focused on
immediate extinction training (Dunsmoor et al., 2015; Kanen et al., 2020; Lucas et al.,
2018; Morriss, 2019; Morriss et al., 2015, 2016; Morris et al., 2019; Morriss & van
Reekum, 2019; Morriss et al., 2020; Wake et al., 2020; Wake et al., 2021) and we are,
to date, not aware of any study that has examined IU during delayed extinction training.
Delayed extinction training more closely models the clinical scenario as exposure-based
treatment typically occurs with a time delay after exposure to a traumatic or aversive
event. While the difference between immediate and delayed extinction training seems
subtle, timing of extinction training has been shown to impact how learned fear and
safety associations are consolidated (Lonsdorf et al., 2017). For instance, immediate
extinction has been shown to increase the return of fear at a later test - which has been
referred to as the ‘immediate extinction deficit’ (Briggs & Fava, 2016, Huff et al., 2009;

Johnson et al., 2010; Maren, 2014; Merz et al., 2016; Woods et al., 2008). As such,



investigating the modulatory role of 1U in a delayed extinction paradigm may clarify the

extent of IU-related disruption of safety learning.

To address these gaps in the 1U and fear conditioning literature, we re-analyzed
a fear conditioning experiment with fear acquisition and delayed extinction training
phases. The experiment also had a return of fear (i.e. reinstatement) phase. Yet no
hypotheses were formulated for this experimental phase as a mood induction phase
preceded it (for transparency results are reported in the Appendix). The study employed
multiple, read-out measures (i.e., fear ratings, skin conductance response, auditory-
startle reflex) and self-reported traits related to negative emotionality (i.e. the
Intolerance of Uncertainty Scale (IUS): Freeston et al., 1994; Trait Anxiety (STAI-T):
Spielberger et al., 1983). In the literature, it is well established that IU and STAI-T are
positively associated (e.g. Jensen et al., 2016; Sjouwerman et al., 2020) and share
common variance (Norr et al., 2013; Sjouwerman et al., 2020) and both questionnaires
have been linked to fear conditioning and extinction processes (for a review see
Lonsdorf & Merz, 2017; Sjouwerman et al., 2020; Morriss, Wake, et al., 2021). In order
to examine the unique contribution of IU on conditioned responding over and above
general negative affect, we included STAI-T primarily as a factor to be controlled for in
our analysis. Furthermore, we examined self-reported 1U as a single-factor, rather than
a multiple-factor (Bottesi et al, 2019; Carleton et al., 2007), because prior research on
the impact of IU upon skin conductance responses during immediate extinction training
has yielded more consistent results with U as a single-factor (Morriss, Wake, et al.,

2021).

We hypothesised:



(1) 1U, controlling for STAI-T, may be associated with skin conductance
responding differences to learned fear vs. safety cues during fear acquisition
training. Given the mixed literature with empirical evidence indicating both a
negative (Sjouwerman et al., 2020) but also a positive relationship (for review
see Morriss et al., 2021) between IU and skin conductance responding to
learned fear vs. safety cues, a directional hypothesis is not specified.

(2) Higher IU, controlling for STAI-T, will be specifically associated with greater
skin conductance responding to learned fear vs. safe cues during delayed
extinction training, like prior work of immediate extinction training (Morriss,
Wake, et al., 2021; Morriss, Zuj, et al., 2021).

(3) 1U, controlling for STAI-T, may be associated with the auditory startle reflex to
learned fear vs. safe cues during fear acquisition training and delayed
extinction training. Due to mixed findings regarding 1U and auditory startle
reflex during acquisition training indexing a positive (Chin et al., 2016),
negative (Sjouwerman et al., 2020), or null results (Mertens & Morriss, 2021)
of IU and auditory startle reflex to learned fear vs. safe cues and the lack of
prior literature on IU and auditory startle reflex during extinction training, a
directional hypothesis is not specified.

(4) 1U, controlling for STAI-T, may be associated with fear ratings to learned fear
vs. safe cues during fear acquisition training and delayed extinction training
(for review see Morriss, Zuj, et al., 2021). However, given the mixed literature

on IU and ratings, where the majority of studies report null results (Morriss,



Zuj, et al., 2021; c.f. Morriss, Bell et al., 2021; Sjouwerman et al., 2020), a

directional hypothesis is not specified.

2 Material and methods

2.1 Prior use of the data and pre-registration

The present data were collected as part of an unpublished master's thesis focusing on
the impact of experimental mood induction on a retention test and reinstatement. The
current investigation constitutes an exploratory study and neither hypotheses nor

analysis approaches were pre-registered.

2.2 Participants

Participants were recruited via advertisement at the online job portal of the University of
Hamburg (stellenwerk.de). Exclusion criteria clarified on the telephone were self-
reported current or regular intake of medication (exception: oral contraceptives),
substance abuse, neurological, psychiatric or chronic diseases, experienced trauma,

age under 18 or over 40 years, and no fluent German language.

Overall, 66 participants (Nfemale = 44, Nmale = 22 aged between 18 and 40 years, M
= 25.76, SD =5.82, left-handers: n = 3, retrained right-handers: n = 3) took part in the
study. Several participants had to be excluded due to technical issues (n = 3), non-
responding (SCR: n = 2; auditory startle blink: n = 1; for details, see section 2.4

Measurements) and no SCRs to the CSs (n = 1). Participants had normal or corrected

10



to normal vision. Nine participants reported intake of medication as well as chronic or
neurological diseases subsequent to the experiment (see Appendix for details). The
decision to keep these participants in the sample was based on the assumption of no

impact on results in those cases. All other criteria were fully met.

The study was approved by the Ethics Committee of the General Medical Council
(Arztekammer Hamburg). Participants provided written informed consent in accordance

with the Declaration of Helsinki. The financial compensation was 10 Euros per hour.

2.3 Materials

Stimuli were presented with Presentation software (Version 14.8, Neurobehavioral

Systems, Inc., Albany California, USA).

2.3.1 Electrotactile stimulus

The electrotactile stimulus serving as unconditioned stimulus (US) was administered to
the back of the right hand of participants and consisted of a train of three 2 ms
electrotactile square-waves (inter stimulus interval, ISI: 50 ms). It was generated by a
Digitimer DS7A constant current stimulator (Welwyn Garden City, Hertfortshire, UK) and
delivered through a 1 cm diameter platinum pin surface electrode (Speciality
Developments, Bexley, UK) fixed between the metacarpal bones of the index and

middle finger. The US was calibrated by using a standardized stepwise procedure
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aiming at an unpleasant, but still tolerable level rated by the participants between 7 and
8 on a scale ranging from zero to 10. The identical US intensity was used on both

experimental days as calibrated on day 1.

2.3.2 Auditory stimulus

95 dB white noise burst (i.e., startle probe) was presented simultaneously on both ears
via headphones (Sennheiser, Wedemark, Germany). Startle probes were administered
at the beginning of experimental days 1 and 2 to achieve a robust baseline startle
reactivity (Blumenthal et al., 2005; i.e., startle habituation), 6 or 8 s after the ITI-onset,
and 6 or 7 s after CS-onset. The different onsets of startle probes were counterbalanced

between participants and were intended to avoid predictability (Lonsdorf et al., 2017).

2.3.3 Visual stimuli: Fear conditioning

Two different white snow fractals (80 x 80 mm) served as CSs and were presented for 8
s in each experimental phase (except for the affect induction phase, see Appendix for
further details) in the center of the screen (Scharfenort et al., 2016; Scharfenort &
Lonsdorf, 2016). One of the two snow fractals, also referred to as CS+, co-occurred with
the US, whereas the other one (i.e., the CS-) did never (100% reinforcement rate).
During fear acquisition training, the US was delivered 7.9 s after CS+ onset and
overlapped with the presentation of the CS+ for 100 ms. The order of CS presentations

was randomized for each experimental phase, but no more than two identical CSs were
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in a row. Allocation of the two snow fractals to the CS+ and CS- as well as the order of
appearance of CSs (first CS presented = CS+ vs. first CS presented = CS-) were

counterbalanced between participants.

A white fixation cross (8 x 8 mm) in the center of the screen gray background
was presented during startle habituation and inter trial intervals (ITIs), which interleaved
the presentations of CSs. The duration of the ITIs ranged from 10 to 13 s in each
experimental phase (M = 11.5). All visual stimuli were presented on a gray background

(RGB: 100, 100, 100).

2.4 Measurements

2.4.1 Questionnaires

Intolerance of uncertainty: The Intolerance of Uncertainty Scale (IUS) captures the
personal predisposition to experience uncertain future situations as stressful (Freeston
et al., 1994). Example aspects of intolerance of uncertainty are expectations concerning
the predictability of the future and attempts to control the future. The questionnaire
consists of 27 items rated on a 5-point Likert scale (How typical are these statements

for you? answer poles: not at all typical for me and entirely typical for me).

Trait anxiety: Trait anxiety was assessed by applying the State-Trait Anxiety Inventory
(Spielberger et al., 1983). The trait scale of this self-assessment method assesses
anxiety as a personal trait, which is persistent over time and different situations. High

13



scores indicate a predisposition to react with anxiety in stressful situations. The scale
includes 20 self-statements (e.g. “l am happy”). Participants were asked how they feel
in general. Answers were given on a 4-point Likert scale with the answer options almost

never, sometimes, often, and almost always.

A standardized post-experimental awareness interview (Scharfenort et al., 2016;
Scharfenort & Lonsdorf, 2016) was conducted after acquisition training on day 1.
Participants were asked (a) if they knew when they received the electrotactile
stimulation and if so, when exactly, (b) if the electrotactile stimulation followed a certain
pattern they were asked to explain and (c) if they noticed anything they would like to
report. Participants were classified as aware of CS-US contingencies if they reported in
one of these questions that the electrotactile stimulation always followed a certain visual

stimulus. Otherwise they were classified as unaware.

Participants also indicated aversiveness of the US and startle probes on a scale

ranging from zero to 100.

2.4.2 Fear ratings

Throughout the experiment, participants rated how much stress, fear, and tension
they experienced, when they last saw the CS+ and CS-. Ratings to both CSs were
provided intermittently (to reduce predictability of a rating block) after 3to 7 CS
presentations as a trade-off between trial-by-trial ratings and ratings only after each

14



experimental phase: after habituation (i.e., prior to acquisition training), three times
during acquisition training and four times during extinction training (with the first
rating prior to extinction training). Answers had to be logged in via button press
within 7 s on a visual analog scale (VAS) ranging from zero (answer = none) to 100

(answer = maximum). Unlogged ratings were considered as missing values.

2.4.3 Physiological measures

Physiological measures were recorded using a BIOPAC MP 100 amplifier and fed into
AcgKnowledge software (Version 3.9.1.6, BIOPAC Systems, Inc., Goleta, California,
USA). Data were recorded with a 1000 Hz sampling rate, a gain of 5 uQ/V and a 1.0 Hz

hardware filter.

2.4.3.1 SCR

For measuring SCRs, two self-adhesive, with hydrogel and Ag/AgCl-sensor recording
SCR electrodes (@ = 55 mm) were attached on the palm of the left hand, i.e., on the
distal and proximal hypothenar. A 1 Hz lowpass filter and a gain of 5 uQ were applied.
For n = 3 participants a gain of 10 uQ was applied due to the participants' higher
response range. SCR data were scored by using the semi-automatic scoring system
Autonomate (Green et al., 2014). Within Autonomate, data were down sampled to 10

Hz. According to published guidelines (Boucsein et al., 2012), the onset of the first
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response within 0.9 to 4 s after onset of CSs was scored as SCR from trough to peak
(for US: the first response within 0.7 to 4 s after onset of US) with a maximum rise time
of 5 s (i.e., first interval response, Grings et al., 1962). SCRs under 0.02 yS, or an
absence of it within the defined time window were classified as a zero-responses. Data
with recording artifacts or excessive baseline activity were treated as missing data
points. Within Autonomate, each scored SCR was checked visually, and the scoring

was corrected, if necessary.

SCR’s were square root transformed to reduce skewness. Then, SCR’s were z-
scored within individuals across trials for day 1 and day 2 separately to control for
interindividual differences in skin conductance responsiveness not due to the

experimental manipulation (Ben-Shakhar, 1985; Lonsdorf et al., 2019).

Participants were considered SCR non-responders if they had more than two
thirds of zero responses to the US on day 1 or all zero responses to the US during

reinstatement on day 2 (as recommended by Lonsdorf et al., 2019).

For the SCR data, 3 participants were excluded from day 1 analyses (1 due to
stimulus marker error; 2 due to no responses to the CS, subsequently resulting in no z-
scored values) and 2 participants were excluded from day 2 analyses (1 non-responder;
1 due to no responses to the CS, subsequently resulting in no z-scored values). This left

61 participants for day 1 and 62 participants for day 2 analyses of SCR data.
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2.4.3.2 Auditory startle blink

For electromyography (EMG) startle, two Ag/AgCl EMG electrodes were placed over
the orbicularis oculi muscle: one electrode was attached as close as possible under the
lower lash line in the middle of the pupil of the right eye and the second one was
positioned directly to the left of the first electrode. The reference electrode was placed in
the middle of the forehead. During data acquisition, a gain of 5000 at 1000 Hz and a
band-pass filter (28-500 Hz) were applied. Data were rectified and integrated online
(averaged over 20 samples). Startle data were scored semi-automatically by using a
custom-made computer program (EDA View, developed by Prof. Dr. Matthias Gamer,
University of Wirzburg). According to the published recommendations by Blumenthal et
al. (2005), startle responses occurring 20-120 ms after the startle probe onset were
scored as trough to peak. Measurements with recording artifacts or excessive baseline
activity as well as spontaneous blinks occurring 50 ms prior to startle probes were
treated as missing data points. The absence of a response within the defined time
window was classified as a zero-response. Auditory startle blink was z-scored within

individuals across trials for day 1 and day 2 separately.

Participants were considered auditory startle blink non-responders if they had

more than one third of zero responses and/or missing data points.

For startle blink, 2 participants were excluded for day 1 analyses (1 due to
stimulus marker error; 1 non-responder) and 1 participant for day 2 analyses (1 non-
responder). This left 62 participants for day 1 and 63 participants for day 2 analyses of

startle data.
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2.5 Procedure

The study was conducted on three separate days. Assessments on day 1 and day 2
(see Figure 1) took place in one of two different psychophysiological laboratories (the
same participant was, however, examined in the same laboratory on both days) of the
University Medical Center Hamburg-Eppendorf (UKE). On day 3, the participants filled
in an online battery of questionnaires by using the survey tool LimeSurvey (LimeSurvey

GmbH, Hamburg, Germany, http://www.limesurvey.orq).

jus lStartIe
probe

Startle Habituation: Fear acquisition: Extinction:
habituation: 2 x CS+ 9 x CS+ 9 x CS+
2xCS— 9 x CS— 9x CS—
0.50 min 1.50 min 7.75 min 7.25 min
1 1 1
| 1 LI | 1
Cs- CS+ CS+ CS+ CS-

e u

85| Jss| les| Jes] |

Figure 1. Image depicting procedure for fear acquisition training and delayed extinction

training.

On day 1, the experimental procedure was identical for all participants.

Participants were not informed about CS-US-contingencies prior to the experiment.
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During startle habituation, five startle probes were presented on a white fixation
cross interleaved with 6-s I1SIs. Both CSs were presented prior to the fear acquisition
training to avoid orienting responses (habituation). Half of the CS presentations and ITls
were startled during habituation. Participants were informed that there was no
presentation of the US during startle habituation and habituation. Subjective fear ratings
of both CSs and an unpleasantness rating of the startle probes using the same
procedure as for fear ratings (see section 2.4 Measurements) followed after the

habituation phase.

During fear acquisition training, 2/3 of the CS presentations were startled. Startle
probes were also presented in 1/3 of ITIs during this and all following phases.
Subjective fear ratings had to be completed intermittently. After fear acquisition training,

participants had to indicate the unpleasantness of the startle probes and the US.

Twenty-four hours after fear acquisition training, participants returned to the
laboratory (£ max. 2.75 hrs). Again, the experiment started with the delivery of five
startle probes as startle habituation (not shown in Figure 1). Afterwards, participants
had to indicate the unpleasantness of the startle probes by using the same procedure
as for fear ratings. During extinction training, no US was presented. Two thirds of the
CS presentations were startled and subjective fear ratings were presented

intermittently.

The extinction training was immediately followed by an affect induction (negative
vs. neutral slides were presented), a short re-extinction training, reinstatement and a

reinstatement-test phase (see Appendix for further details).
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2.6 Analyses

Statistical analyses were conducted using the mixed procedure in SPSS 24.0 (SPSS,

Inc; Chicago, lllinois). We conducted separate MLMs for the fear ratings, SCR and

auditory startle blink during i) fear acquisition training and ii) delayed extinction training.

For all MLMs we entered Stimulus (CS+, CS-) and Trial (number of trials varied by
phase and measure) at level 1 and individual subjects at level 2. We included
demeaned (i.e. subtracting the sample mean from each observation so that they are

mean zero) IUS and STAI-T scores as continuous individual difference predictor

variables in the MLMs separately. 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 covariance structure was used. We used a maximum

likelihood estimator for the MLMSs.

If a significant Stimulus x IUS or Stimulus x STAI-T interaction was observed
from a MLM, we assessed specificity by conducting a further MLM with both IUS and
STAI-T included. In line with past research (Mertens & Morriss, 2021; Morriss et al., In
Press), to further understand Stimulus x IUS/STAI-T interactions from the MLMs, we
conducted correlations (two-tailed) between the relevant self-report measure (i.e.
IUS/STAI-T) and each condition separately (i.e. CS+, CS-) and as a difference score

(i.e. CS+ - CS-).

To assure robustness of results, associations between IUS as well as STAI-T

scores and CS-US contingency awareness of participants, US intensity, reported US

20



and startle probe aversiveness on both experimental days and mean SCRs to the US
during acquisition training were investigated by comparing IUS and STAI-T scores
between aware and unaware participants with independent sample t-tests and
calculating Pearson correlation coefficients for IUS as well STAI-T scores and the
aforementioned variables. Results of these robustness analyses are briefly described
below and in more detail in the Appendix. For assessments of US and startle probe
aversiveness, values as retrieved from the post-experimental awareness interview were
taken into account as some of the aversiveness ratings that were completed after the

experiment were missing.

We conducted a sensitivity analysis based on a point biserial correlation model,
in line with our follow up correlational tests between IUS as well as STAI-T scores and
CS+, CS- and the difference score (CS+ - CS-). Based on our largest (two tailed, a =
0.05, 1 - B err prob = 0.8, n = 64) and smallest (two tailed, a = 0.05, 1 - B err prob = 0.8,
n = 61) sample size, the effect sizes that we were able to detect in the current study was
0.33 and 0.34 respectively. This small-medium effect size is comparable to that reported
in a recent meta-analysis of correlational data between IUS scores and skin
conductance responding during threat extinction learning (Morriss, Wake et al., 2021).

Note that this is not the observed power.
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3 Results

MLM statistics for Stimulus, Trial and interactions between Stimulus x Trial are
presented in the text. Interactions between Stimulus x Trial will not be followed up, as

they are beyond the scope of the manuscript.

Furthermore, MLM statistics for Stimulus x IUS/STAI-T interactions are also
presented in the text and in Table 1. MLM statistics for main effects of STAI-T and IUS,
as well as interactions between Trial x IUS/STAI-T and Stimulus x Trial x IUS/STAI-T
are presented in Table 1 for transparency but are not presented in the text. Follow up
tests such as MLMs with both IUS/STAI-T included and correlations between conditions

and IUS/STAI-T are presented in the text only.

3.1 Questionnaires

Cronbach's alphas for IUS and STAI-T were .91 (95% confidence interval [Cl]: .87, .94)
and .92 (95% CI: .89, .95) respectively. IUS was positively significantly correlated with
STAI-T [r(62) = .559, p <.001]. IUS and STAI-T scores were normally distributed and
typical for a community sample [IUS: M = 64.67, SD = 16.91, range = 33 - 109; STAI-T:

M = 39.07; SD = 9.73, range = 24 - 73; see Figure 2].
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Figure 2. Histograms of IUS (A) and STAI-T (B) scores.
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Table 1. IUS and STAI-T interactions from MLMs per phase and measure

Fear Acquisition Training

Fear ratings SCR magnitude Auditory startle blink Fear ratings

SCR magnitude

Delayed Extinction Training

Auditory startle blink

F(1,65.219)=5.427, F(1,222.099)=.232, F(1,680.305)=.134, F(1,65.485)=.105,

IUS

p=.023 p=.630 p=.714 p=.746
STALT F(1,65.530)=8.990, F(1,226.459)=.422, F(1,681.875)=.020, F(1,65.716)=.000,
p=.004 p=.517 p=.888 p=.986
Stimulus x F(1,378.184)=4.093, F(1,222.099)=.806, F(1,680.305)=.130, F(1,327.884)=7.873,
IUS p=.044 p=.370 p=.719 p=.005
Stimulus x F(1,373.124)=.138, F(1,226.459)=2.356, F(1,681.875)=.730, F(1,305.878)=3.950,
STAI-T p=.710 p=.126 p=.393 p=.048
Trial x 1US F(3,172.134)=2.347, F(8,229.004)=2.084, F(5,225.299)=.242, F(3,197.047)=4.104,
p=.074 p=.038 p=.943 p=.007
Trial x F(3,171.955)=.749, F(8,241.561)=1.358, F(5,254.296)=3.416, F(3,202.087)=5.686,
STAI-T p=.525 p=.216 p=.005 p=.001

F(1,79.962)=.814,
p=.370

F(1,82.537)=.000,
p=.995

F(1,917.188)=.277,
p=.599

F(1,910.598)=1.825,
p=.177

F(8,216.644)=.798,
p=.605

F(8,214.683)=2.295,
p=.022

F(1,653.070)=1.426,
p=.233

F(1,653.162)=1.156,
p=.283

F(1,653.070)=.029,
p=.864

F(1,653.162)=.001,
p=.979

F(5,235.958)=.504,
p=.773

F(5,217.273)=.478,
p=.792
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Stimulus x F(3,172.255)=.301, F(8,229.004)=1.083, F(5,225.299)=2.056, F(3,197.047)=.944, F(8,216.644)=.599, F(5,235.958)=.474,
Trial x IUS p=.825 p=.376 p=.072 p=.421 p=.779 p=.796

SUMUIUS X 3 175 011)=287,  F(8,241.561)=1.240, F(5,254.296)=.444, F(3,202.087)=.256, F(8,214.682)=.645, F(5217.273)=.113,

;rleablli(T p=.835 p=.276 p=.817 p=.857 p=.739 p=.989

Note. MLM statistics for Stimulus x [IUS/STAI-T interactions are also presented in the text. MLM statistics for main effects of STAI-T and 1US, as
well as interactions between Trial x IUS/STAI-T and Stimulus x Trial x IUS/STAI-T are presented in this table for transparency but are not
presented in the text. When both STAI-T and IUS were entered into the model, the main effect of STAI-T remained [F(1, 65.114) = 4.092, p =
.047], whereas the main effect of IUS was not significant anymore [F(1, 65.296) = .775, p = .382]. A follow up correlational test showed that higher
STAI-T was associated with greater fear ratings during fear acquisition training [r(62) = .346, p = .005]. Entries in the table that are formatted in

bold indicate significance. Grey font denotes that the effect was not significant when controlling for IUS or STAI-T.
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3.2 Fear acquisition training

Fear ratings: Larger fear ratings were observed for CS+, compared to the CS-
[Stimulus, F(1, 380.052) = 83.742, p < .001]. Fear ratings generally increased across
trials, however, this effect was more pronounced for the CS+, relative to the CS- [Trial,
F(3, 173.647) = 31.751, p < .001; Stimulus x Trial, F(3,173.742) = 14.453, p < .001; see

Figure 3].
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Figure 3. Single trial data during fear acquisition training and delayed extinction training
for fear ratings (A), SCR (B) and auditory startle blink (C). SCR and auditory startle blink

data were z-scored. Data represent + standard error of the mean.

27



A 1US x Stimulus interaction emerged, both when IUS was entered into the
model alone [p = .044, see Table 1] and when entered with the STAI-T [F(1,379.376) =
7.476, p = .007]. Follow up correlational tests suggested that higher IUS was
significantly positively associated with greater fear ratings to the CS+ [r(62) = .309, p =
.013]. IUS was not significantly associated with fear ratings to the CS- [r(62) = .160, p =
.205]. However, the difference between these two correlations was not significant [z =
1.3, p = .19]. IUS was also not significantly correlated with the CS+ - CS- difference

score [r(62) = .172, p = .174] (see Figure 4).

For fear ratings during fear acquisition training, no significant interactions

between Stimulus x STAI-T emerged (see Table 1).
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Figure 4. Scatterplots with marginal histograms illustrating correlations between

IUS and fear ratings to the CS+, CS- and difference between CS+ and CS- during fear

acquisition training (A-C) and delayed extinction training (D-F). Higher IUS was

associated with larger fear ratings to the CS+ during fear acquisition training (A) and

larger fear ratings to the CS+ versus CS- during delayed extinction training (F). Note

that the values on the rating scales represent average fear ratings from each condition.

SCR: The CS+ elicited larger SCRs, compared to the CS- [Stimulus, F(1, 221.706) =

9.703, p =.002; see Figure 3]. SCR habituated across trials [Trial, F(8, 230.262) =

5.907, p < .001]. No significant interaction for Stimulus x Trial was observed [Stimulus x

Trial, F(8, 230.262) = 1.189, p = .306]. For SCR, no significant interactions between

Stimulus x IUS or Stimulus x STAI-T were found (see Table 1).
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Startle: For startle, no significant main effect Stimulus was found [Stimulus, F(1,
676.791) = .908, p = .341]. However, there was some evidence of conditioning on
startle across trials [Stimulus x Trial, F(5, 228.889) = 3.427, p = .005; see Figure 3].
Startle responses habituated across trials [Trial, F(5, 228.889) = 14.797, p < .001]. For
startle, no significant interactions between Stimulus x IUS or Stimulus x STAI-T

emerged (see Table 1).

3.3 Delayed extinction training

Fear ratings: Larger fear ratings were observed for CS+, compared to the CS-
[Stimulus, F(1, 323.631) = 18.739, p <.001; see Figure 3]. Fear ratings decreased
across trials [Trial, F(3, 195.409) =10.184, p < .001]. No significant interaction for

Stimulus x Trial was observed [Stimulus x Trial, F(3, 195.409) = 1.198, p = .312].

A Stimulus x IUS interaction was observed when IUS was entered into the model
alone [ p =.005, see Table 1] and with STAI-T [F(1,325.890) = 4.344, p = .038]. Follow
up correlational tests suggested that higher IUS was positively associated with greater
differential fear ratings to the CS+ vs. CS- at trend [r(62) = .229, p = .069]. IUS was not
significantly associated with fear ratings to the CS+ [r(62) = .038, p = .766] or CS- [r(62)

=-.126, p = .322] (see Figure 4).

Similarly, when including STAI-T alone in the model, a Stimulus x STAI

interaction was observed [p = .048, see Table 1], however, this effect was non-
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significant when both STAI-T and IUS were entered into the model [F(1,315.651) = .273,

p =.602].

SCR: For SCR, no effect of stimulus type was found during delayed extinction training
[Stimulus, F(1, 909.504) = .104, p = .747; see Figure 3]. SCR habituated across trials
[Trial, F(8, 214.470) = 15.068, p < .001]. No significant interaction for Stimulus x Trial
was observed [Stimulus x Trial, F(8, 214.471) = 1.296, p = .247]. For SCR, no
significant interactions between Stimulus x IUS or Stimulus x STAI-T were found (see

Table 1).

Startle: Stronger startle responses were elicited by the CS+, compared to the CS-
during delayed extinction training [Stimulus, F(1, 652.248) = 4.220, p = .040; see Figure
3]. Startle habituated across trials [Trial, F(5,221.341) = 27.520, p < .001]. No significant
interaction for Stimulus x Trial was found [Stimulus x Trial, F(5, 221.341) = 1.699, p =
.136]. For startle, no significant interactions between Stimulus x IUS or Stimulus x STAI-

T were observed (see Table 1).
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3.4 Robustness analyses

IUS and STAI-T scores of participants were not associated with awareness of CS-US
contingencies, intensity or reported aversiveness of the US, aversiveness of the startle

probes or SCRs to the US during acquisition training (see Appendix for details).

Nine participants were not naive to the experimental setup. Excluding them from

the analyses did not change the results substantially (results not shown).

4 Discussion

In the present exploratory study, we examined the impact of self-reported IU and STAI-
T on fear ratings, skin conductance response and auditory startle blink during fear
acquisition and delayed extinction. Self-reported IU, controlling for STAI-T, was
associated with fear ratings (i.e. Stimulus x IUS interaction) during fear acquisition
training and delayed extinction training. However, we did not observe a relationship of
both IU and STAI-T with conditioned skin conductance or auditory startle blink during
fear acquisition and delayed extinction. These results add to and extend our current
understanding of the role of IU on subjective and physiological measures during
different fear conditioning procedures, particularly with respect to subjectively
experienced and reported fearfulness during a threatening situation such as during
acquisition and delayed extinction training.

Typical conditioning was observed across participants during fear acquisition
training, indexed by larger fear ratings, skin conductance and auditory startle blink

responses to the fear versus safety cues. Furthermore, there was evidence of a

32



reduction of the conditioned response across participants during delayed extinction
training, indexed by larger fear ratings and auditory startle blink to the fear versus safety
cues that decreased over time while no discrimination or stimulus-specific general
habituation was observed for SCRs during delayed extinction training.

During both fear acquisition training as well as delayed extinction training a
significant interaction between stimulus and IU was observed that remained significant
when controlling for the STAI-T. More precisely, follow-up tests suggest that during
acquisition training, higher IU might be associated with significantly greater fear ratings
to the CS+ (note, however, that this effect was non-significant for the CS- but both
associations did not differ significantly) while during extinction training higher 1U was
linked to non-significantly larger CS discrimination. In relation to the broader literature, a
number of prior studies have reported relationships between IU and fear / valence
ratings during fear acquisition training (Morriss, Bell et al., 2021; Sjouwerman et al.,
2020). For instance, higher 1U, (controlling for STAI-T) was associated with greater
ratings of negative valence to learned fear versus safe cues (CS discrimination) during
instructed fear acquisition training (Morriss, Bell, et al., 2021). Another study also found
higher 1U to be associated with greater fear ratings to the CS- during fear acquisition
training, a finding that was not specific to IlU and was also observed for other measures
of self-reported negative emotionality (Sjouwerman et al., 2020).

In addition to the interaction effect of IU and stimulus on fear ratings during acquisition
training, we observed a main effect of STAI-T on fear ratings during fear acquisition
training which persisted after controlling for IU whereas the main effect of 1U did not

survive controlling for STAI-T. We suggest that STAI-T scores might affect subjective
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evaluations of fearfulness more generally, while IlU may be more specifically associated
with responses to the learned fear cue.

Effects of IU on fear ratings during immediate or delayed extinction training have - as far
as we are aware - not been investigated to date. While in the same direction and at
trend (significant for the MLM but non-significant for the follow up correlation), the
finding that higher IU is associated with greater fear ratings to the learned fear versus
safe cue during delayed extinction training is in line with previous literature
demonstrating higher IU is associated with greater neural and psychophysiological
activity to learned fear versus safe cues during immediate extinction training (Morriss et
al., 2015; Morriss, 2019; Wake et al., 2021). Notably, the majority of past fear
conditioning research on IU has focused on ratings of uneasiness (Morriss et al, 2015;
2016) and expectancy (for review see Morriss et al., 2021), and have reported little
effect of IU upon these types of rating measures during fear acquisition and extinction
training procedures. Taken together, the findings from this study and the broader
literature call for further examination and replication of IU and subjective fear (i.e.
described as fear, stress and tension) during fear conditioning procedures.

Null results were observed for IU and psychophysiological measures during fear
acquisition. A few studies have reported IU-related effects on skin conductance during
fear acquisition with continuous reinforcement (Sjouwerman et al., 2020) and fear
acquisition with partial reinforcement and generalisation stimuli (Bauer et al., 2020;
Morriss, Macdonald et al., 2016). However, the majority of past research has reported
null results for IU and skin conductance during fear acquisition (for review see Morriss,

Zuj, et al., 2021). Interestingly, only a few studies have examined the relationship
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between IU and auditory startle blink during fear acquisition training (Chin et al., 2016;
Mertens & Morriss, 2021; Sjouwerman et al., 2020). The results for IU and startle are
mixed. For instance, one study reported greater startle to the learned fear versus safe
cues during fear acquisition with partial reinforcement (Chin et al., 2016), another study
reported greater startle to the learned safe cue during fear acquisition with continuous
reinforcement (Sjouwerman et al., 2020) and another study reported a null result for
startle during fear acquisition with partial reinforcement (Mertens & Morriss, 2021). The
lack of cohesion for IU-related findings on skin conductance response and auditory
startle blink during fear acquisition training may be due to the different parameters of
uncertainty embedded within this phase. For example, the reinforcement rate of the
unconditioned stimulus (i.e. partial versus continuous) and the extent to which startle
probes are presented (i.e. on some CS trials or on every CS trial; at the same time on
the CS trials or at different times on the CS trials) - which have been shown to impact
on conditioned responding and fear learning (Sjouwerman et al, 2016). Similarly, we
found null results for both IU and STAI-T on psychophysiological measures during
delayed extinction training. The null result relating to IU on skin conductance responding
during delayed extinction training in this study is rather surprising, given that prior
research has demonstrated a relatively robust effect of IU on skin conductance
response during immediate extinction training (Morriss, Wake et al., 2021). It is difficult
to interpret the null result for IU on auditory startle blink during delayed extinction
training because of the scarcity of prior research examining IU and auditory startle blink
during this phase, or generally across classic fear conditioning procedures (Chin et al.,

2016; Mertens & Morriss, 2021; Sjouwerman et al., 2020).
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There may be several reasons for the discrepancy in findings for psychophysiological
measures between previous research on IU and immediate extinction training and the
current study on IU and delayed extinction training. Firstly, we might not have had
enough power to detect an effect that is likely subject to variations due to different
samples. In fact, even when there is a true effect, it is common that this effect is not
observed consistently in particular in rather small samples as often employed in the field
(Schimmack, 2012). Secondly, individuals with high IU may be more prone to
uncertainty-induced arousal during immediate extinction training, rather than delayed
extinction training because the contingency changes are recent and thus there is
greater uncertainty (and potentially competition) between fear and safety associations.
Thirdly, the null results for IU on psychophysiological measures during delayed
extinction training may be due to a methodological difference. More specifically, a
recent meta-analysis (Morriss, Wake, et al., 2021) highlighted that IU-related differences
on skin conductance response were observed during the late part of extinction training
(i.e. defined as the last 6-10 trials per CS type in studies with over 24 trials in total). The
current experiment included 9 trials per CS type and 18 trials overall. Despite the similar
length of time for the extinction training phase, the smaller number of trials may reduce
the variance needed to capture an IU-related effect on psychophysiological measures.
Finally, random variation in the effect is always a possibility that needs to be considered
(Schimmack, 2012).

Finally, our results suggest that I[U may be more strongly associated with conditioned
responding and extinction than the general emotional negativity as assessed through

the STAI-T. While both are strongly related, it remains a matter of debate to what extent
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they capture distinct sub-constructs. While we highlight that the results we present here
should be considered exploratory and hypothesis generating, we speculate that
uncertainty may have a stronger impact than general negative emotionality. However,
we note, that the literature on specificity with respect to IlU and STAI on conditioned
responding is quite mixed (Sjouwerman et al., 2020, Lonsdorf & Merz, 2017) and call for
caution in not overinterpreting these results. In fact, random variation may result in a
stronger effect of one of these measures in one study and a weaker effect in another
study.

The current study has a number of strengths. Firstly, to our knowledge, the
present study is the one of the first that has explored IU during delayed extinction
training. The application of a two-day-paradigm with fear acquisition and extinction
training on two consecutive days is thought to increase ecological validity as it allows
the fear memory to consolidate before extinction training (for discussion see, Maren,
2014). Thus, it is assumed to provide a more naturalistic model for the emergence and
treatment of anxiety disorders as compared to protocols comprising immediate
extinction training (Haaker et al., 2014; Lonsdorf et al., 2017). As these first results we
present here have to be considered exploratory, we suggest future research may
directly compare immediate and delayed extinction protocols with respect to IU.
Secondly, we included subjective and psychophysiological measures in our study and
therefore captured different aspects of how fear and safety cues are processed, as
recommended by Lonsdorf et al. (2017). To date, only a few studies on IU have
measured self-reported fear ratings and auditory startle blink. Here, the observed IU-

related effects on fear ratings may be related to the use of a wider rating scale (range of
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VAS: 0 - 100) as compared to narrower rating scales from previous research (e.g.
range: 1-9; Morriss et al., 2015, 2016), which may be more optimal for capturing
individual differences in allowing for more variability (Lonsdorf & Merz, 2017).

However, several restrictions of our study should also be noted. Firstly, we did
not include an additional group in our study which underwent an immediate extinction
training as this was not in the scope of our work. To further elucidate whether 1U
impacts immediate and delayed extinction training differently, future research should
directly compare immediate and delayed extinction training groups. Secondly, we
excluded participants with prior psychiatric history. This might have limited a) the upper
range of IUS und STAI-T scores, which are notably higher in clinical samples (McEvoy
et al., 2019) and b) the variability in physiological measurements as participants with a
history of psychiatric disorders may be more sensitive to those measures — both
resulting in a restriction of variance and possibly limiting the chance to detect significant
effects. Thirdly, we used a continuous reinforcement rate during fear acquisition training
resulting in a rather strong experimental situation and therefore lessening potential
uncertainty in the experiment (Lissek et al., 2006). On the other hand, we applied an
uninstructed fear acquisition training which might also enhance uncertainty. Future
studies could examine whether different reinforcement rates and instruction types
contribute to the extent to which IU impacts immediate and delayed extinction training.
The research opportunities for examining IU-related effects on conditioned responding

in various outcome measures and experimental designs are far from exhausted.
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5 Conclusion

IU was related to fear ratings during fear acquisition training and extinction
training (less clearly, however), but was observed to be mostly unrelated to
psychophysiological responses (i.e., SCR and auditory startle blink). Implementing fear
ratings instead or in addition to the previously often employed ratings of uneasiness and
expectancy might be a promising future approach to further elucidate associations of 1U
with self-reports related to fear and investigate whether there is a specific association
with subjectively reported fear and 1U. Notably, as our work has to be considered
exploratory and hypotheses-generating, further research on |U-effects in delayed
extinction training might add on these initial findings and may broaden our
understanding on how individual differences impact fear related processes in this more
clinically relevant model. Ultimately, these insights may in the long-run contribute to
improving treatments addressing anxiety and fear related psychopathology and help to

secure long-term remission.
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