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Safety behaviors are responses that can reduce or even prevent an expected threat. Moreover, empirical studies
have shown that using safety behaviors to a learnt safety stimulus can induce threat beliefs to it. No research so
far has examined whether threat beliefs induced this way generalize to other novel stimuli related to the safety
stimulus. Using a fear and avoidance conditioning model, the current study (n=116) examined whether threat
beliefs induced by safety behaviors generalize to other novel generalization stimuli (GSs). Participants first ac-
quired safety behaviors to a threat predicting conditioned stimulus (CSthreat). Safety behaviors could then be
performed in response to one safe stimulus (CSsafeShift) but not to another (CSsafe). In a following general-
ization test, participants showed a significant but small increase in threat expectancies to GSs related to CSsa-
feShift compared to GSs related to CSsafe. Interestingly, the degree of safety behaviors used to the CSsafeShift
predicted the subsequent increase in generalized threat expectancies, and this link was elevated in trait anxious
individuals. The findings suggest that threat beliefs induced by unnecessary safety behaviors generalize to other
related stimuli. This study provides a potential explanation for the root of threat belief acquisition to a wide
range of stimuli or situations.

1. Introduction

Safety behaviors are behavioral responses that are typically per-
formed when encountering threatening objects or situations and can
mitigate or prevent the onset of an expected imminent threat. For
instance, upon hearing the fire alarm, safety behaviors include running
out of the building to minimize chances of perishing in a fire. Therefore,
safety behaviors performed in high threat situations are typically
considered adaptive for survival. In clinical anxiety, safety behaviors are
not always adaptive, especially if they maintain maladaptive and un-
realistic threat beliefs [7]. For instance, a client with social anxiety may
stay on the edge of a social group to limit social engagement, thus
mitigating the perceived threat of social rejection, despite the fact that
the perceived threat rarely occurs. Using safety behaviors thus precludes
one from disconfirming their maladaptive threat beliefs (e.g., the
absence of social rejection is attributed to safety behaviors) and thus
interferes with the effectiveness of exposure-based therapies [14,55].

Given the clinical importance of understanding how safety behaviors

and threat beliefs interact, safety behaviors are examined empirically in
highly controlled fear and avoidance conditioning models. In this
framework, a previously neutral conditioned stimulus (CS) is repeatedly
paired with a biologically aversive unconditioned stimulus (US). Par-
ticipants then learn that performing a designated response during CS
presentation effectively mitigates US onset, thus modelling the acqui-
sition of safety behaviors.! Empirical studies have shown the maladap-
tive characteristics of such safety behaviors, including the persistence of
safety behaviors without realistic threat (e.g., [10,12,34,38,52]), how
persistent safety behaviors protect one from correcting maladaptive
beliefs [28,35,39], and that safety behaviors after fear extinction can
lead to a return of fear [51]. Preliminary evidence suggests that mal-
adaptive safety behaviors are enhanced in individuals with clinical
anxiety [36] or individuals at risk (e.g., [10,54,63]).

Another characteristic of safety behaviors is that using safety be-
haviors to safety cues can subsequently increase threat expectancies to
them, even when participants had learnt that these cues were safe. In a
controlled laboratory study [9], participants first acquired safety
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behaviors to a threat-related CS+ that effectively prevents an imminent
US. In a following phase, the availability of safety behaviors was shifted
to a safety-related CS-. In test, participants showed an increase in threat
expectancy to the CS- when safety behaviors became unavailable, even
though participants had previously learnt that CS- signaled the absence
of a US. This pattern suggests that unnecessary safety behaviors to a
learnt safety cue induces an increase in threat belief to it. This suggests a
potential pathway for the formation of maladaptive beliefs in clinical
anxiety. This finding has been replicated in other laboratory studies [50,
61,62].

Yet, an unexplored question is whether the formation of threat be-
liefs induced by safety behaviors would generalize to other novel cues.
Empirical studies have shown that fear acquired to a threat-related CS
generalizes to novel stimuli that perceptually or conceptually resemble
the original threat stimulus (e.g., [6,8,18,1]). It may thus be possible
that threat beliefs induced by safety behaviors may generalize beyond
the original stimulus to which safety behaviors were performed. The
current study aimed to address this question by examining whether this
acquired threat belief would generalize to other novel generalization
stimuli (GSs). This is of clinical importance as it examines a potential
pathway of the formation and generalization of threat beliefs.

In addition, we have found that the degree of safety behaviors to a
safety cue determined the magnitude of increase in threat expectancy to
it [61]. This provides preliminary evidence that the actual use of safety
behaviors induces maladaptive threat belief to a safety cue (e.g., using
behavior as information), as opposed to the mere availability of safety
behaviors to a safety cue that would increase threat expectancies to it
[44]. Therefore, we aimed to explore whether the level of safety
behavior usage to a safety cue also predicts the level of generalized
threat expectancies to novel cues that resemble the safety cue.

This study also explored whether risk factors of clinical anxiety
would have any effect on the magnitude of generalized threat beliefs
induced by safety behaviors. Three risk factors were assessed in this
study, intolerance of uncertainty, trait anxiety, and (low) distress
tolerance. Intolerance of uncertainty refers to an individual’s disposition
to experience distress or anxiety in the face of ambiguity [4]. Trait
anxiety refers to an individual’s disposition to experience heightened
level of distress and anxiety when reacting to stressful situations [47].
(Low) distress tolerance refers to a low level of capacity to endure
negative emotional states [43]. These three factors have been widely
accepted to contribute to a greater vulnerability to clinical anxiety (e.g.,
[5,42,48]). In laboratory studies, these factors have been linked to
enhanced fear generalization [32,40,58] and increased safety behaviors
(e.g., [24,53,63]). Based on these findings, the current study explored
whether these risk factors are associated with stronger safety behaviors
to the safety cue and subsequently greater generalized threat beliefs.

In sum, the current study aimed to examine whether using safety
behaviors to a learnt safety cue would increase threat expectancies to
novel cues that conceptually resemble it. A second aim was to examine
whether the degree of safety behaviors usage to the safety cue would be
associated with the strength of fear generalization to novel cues asso-
ciated with it. We further explored the impact of individual risk factors
on unnecessary safety behaviors and the generalized threat beliefs
induced by safety behaviors.

2. Method
2.1. Participants

Psychology undergraduates at Erasmus University Rotterdam were
recruited and compensated with partial course credits for participation.
Using the dataset from a similar study from our lab ([61]; dataset
available at https://osf.io/5ceza/), a data-based simulation analysis
[22] suggested that 110 participants provided 90.5 % power to detect a
difference in US expectancy ratings to the two safety stimuli in test with
an effect size of b = 1.49. A total of 120 participants were recruited to
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account for data exclusion due to participants not reaching the acqui-
sition criterion or other technical issues. This study was approved by the
Ethics Committee of the Erasmus School of Social and Behavioural Sci-
ence (ETH2223-0321) in accordance to the Declaration of Helsinki.

2.2. Apparatus and materials

A total of twelve standardized 2-D black-and-white drawings [45]
from three categories (mammal, fruit, and vehicle) served as the
conditioned stimuli (CSs) and generalization stimuli (GSs). The mammal
stimuli included bear, cow, dog, and sheep; the fruit stimuli included
apple, pear, pineapple, and strawberry; the vehicle stimuli included bus,
plane, train, and truck. For each category, two drawings served as CSs
and two drawings served as GSs.

US expectancy ratings were measured via a visual analog scale
ranging from 0 % to 100 % with steps of 1 %, 0 % indicates certain
absence of a US whereas 100 % indicates certain presence of a US.
Likewise, safety behaviors were assessed by a visual analog scale ranging
from 0 % to 100 % with steps of 1 %; 0 % indicates certainly not avoid a
US whereas 100 % indicates certainly avoid a US. Safety behaviors were
assessed via this continuum, as it has been suggested to more sensitively
measure the use of safety behavior to different extents [59] and shown to
overcome common limitations when assessing generalization of safety
behaviors (see [57,60]). All visual stimuli and scales were presented via
Presentation software (Neurobehavioral Systems Inc., Berkeley, CA,
Version 20.1).

Skin conductance was measured via a pair of Ag/AgCl electrodes
attached to the hypothenar muscles of participants’ non-dominant hand.
Skin conductance was measured at a 1000 Hz sampling rate by a Biopac
MP150 system equipped with a EDA100 amplifier. The electric US
consisted of a train of electric pulses amounting to a duration of 500 ms.
The electric US was generated by a DS7A Digitimer stimulator, delivered
via a bar-electrode attached to the wrist of participants’ non-dominant
hand.

Three psychometric questionnaires were used to assess various in-
dividual differences of interest. First, a trait version of Depression
Anxiety Stress Scale-21 (DASS-21; [25,27]) was used to assess trait
anxiety. Intolerance of uncertainty scale (IUS; [11]) was used to assess
intolerance of uncertainty. Distress tolerance scale was used to assess
distress tolerance (DTS; Simon & Gaher, 2005).

2.3. Procedure

After providing informed consent, participants filled in the DASS-21,
IUS, and DTS questionnaires. The experimenter then attached the SCR
electrodes filled with isotonic gel and the electric US electrodes on
participants’ non-dominant hand. A US workup procedure was then
carried out. Participants first sampled a US with an intensity of 0.2 mA;
the US intensity was gradually increased in a stepwise manner until it
reached a level that was perceived as ‘definitely unpleasant but not
painful’. Immediately after the workup procedure, the conditioning task
was carried out. The conditioning task consisted of five phases: Practice,
Fear acquisition training, Safety behavior acquisition training Safety
behavior shift, and Generalization test (see Fig. 1).

2.3.1. Practice

Before this phase began, participants were informed that some geo-
metric shapes would appear on screen along with a US expectancy scale.
This phase allowed participants to familiarize with the US expectancy
scale. Participants were explicitly informed that no US would be deliv-
ered in this phase. Three colored squares were presented. On each trial,
the colored square was presented with a US expectancy scale for 8s.
Afterwards, participants were presented with the US expectancy ratings
they made (e.g., a text of “your expectancy for an electric pulse is 70 %”
if participants indicated a US expectancy of 70 %), reassuring that the
US expectancy scale worked as intended. The intertrial intervals were
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Fig. 1. Experimental design. CS indicates conditioned stimuli. Each CS represents 2 exemplars from one of the three categories (mammal, fruit, vehicle). + represents

electric US presentation; - represents electric US omission; *

indicates safety behavior availability; + in brackets indicates electric US presentation depending on

safety behavior. GS indicates GS stimuli. Number in parentheses indicates the number of trials per trial type.

4s.

2.3.2. Fear acquisition training

Before this phase started, participants were verbally informed that
different drawings would appear on screen, which might or might not
signal a US (the exact instructions for the experiment can be seen in the
Supplementary Materials). In this phase, one category served as
CSthreat (e.g., mammal), one category served as CSsafe (e.g., fruit), and
one category served as CSsafeShift (e.g., vehicle). This phase consisted of
two blocks. In each block, two drawings from each category were pre-
sented once (e.g., a bear and a cow drawing were presented once each
for CSthreat trials), totaling to six trials in each block. All CSthreat trials
were reinforced by an electric US, whereas CSsafe and CSsafeShift trials
were never reinforced. Each CS was presented at the center of the screen
with the US expectancy scale for 8s. Participants were prompted to
indicate their US expectancy ratings on each CS trial. The presentation
order of the CSs was pseudo-randomized so that the same CS type would
not occur more than twice in a row between blocks. The intertrial in-
tervals were randomized between 11 and 15 s, which were applied to all
the following phases. The CS categories were counterbalanced across
participants.

2.3.3. Safety behavior acquisition training

Participants were informed that they could probabilistically prevent
the US onset that potentially followed the CSs. This opportunity to
mitigate the US onset was signaled by the presentation of a safety
behavior scale. This phase consisted of two blocks. In each block, an
avoidable CSthreat (CSthreat*) was presented for two trials: CSthreat
was presented with a safety behavior scale for 5 s, followed by an 8 s
presentation of the same CS along with a US expectancy scale. On each
CSthreat* trial, participants had to make a safety behavior response on
the scale; their safety behavior response probabilistically determined
whether a US would be delivered or not. For instance, a safety behavior
response of 70 % would lead to a 70 % chance of US prevention. If a US
is delivered, it would be delivered immediately after CS offset. CSthreat,
CSsafe, and CSsafeShift were presented for one trial each with only the
US-expectancy scale for 8 s. CSthreat trial was reinforced by a US to
remind participants that CSthreat without an opportunity to use safety
behavior would still lead to a US. CSsafe and CSsafeShift trials were

never reinforced.

2.3.4. Safety behavior shift

This phase followed seamlessly from the previous phase. This phase
consisted of two blocks. In each block, each CS type was presented for
two trials. CSthreat and CSsafe trials were presented along with a US
expectancy scale for 8 s, in which CSthreat was reinforced by a US while
CSsafe was not reinforced. CSsafeShift* trials were presented with a
safety behavior scale for 5 s, followed by the same stimulus presented
with a US expectancy scale for 8s. Regardless of safety behavior,
CSsafeShift* trials were not reinforced. This phase was critical as safety
behavior availability was shifted from CSthreat trials to CSsafeShift
trials, so that any increase in responding to novel stimuli related to
CSsafeShift could be attributed to the use of safety behavior to
CSsafeShift.

2.3.5. Generalization test

This phase followed seamlessly from the previous phase and con-
sisted of two blocks. In each block, novel GSs from each of the CS
category were presented. GSthreat, GSsafe, and GSsafeShift trials were
presented twice each block. All GS trials were presented with a US ex-
pectancy scale for 8 s, and none of the GSs were reinforced by a US.

2.4. Scoring and analyses

Only skin conductance measured during the 8 s of CS/GS presenta-
tion was analyzed (i.e., the 8 s window when US expectancy ratings
were prompted). Using BrainVision Analyzer, we applied a 1 Hz low-
pass filter to remove high frequency noises and a 50 Hz notch filter to
the SCR data. The SCRs were obtained by identifying the peak
responding and its corresponding trough 1 s after CS/GS onset till CS/GS
offset. We then square root transformed the SCRs to reduce skewness
[46]. The SCR data processing was carried out by research assistants
blinded to the trial types.

All analyses were carried out with linear mixed models and robust
regression models. The analyses were separated into three parts:
Manipulation check, Main hypotheses, and Exploratory analyses. All ana-
lyses were pre-registered on Open Science Framework (https://osf.
io/auvpy).
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2.4.1. Manipulation check

2.4.1.1. Fear acquisition training. We applied two orthogonal contrasts
for the models in this phase. The first contrast examined whether
conditioned fear was successfully acquired to the threat-related CS, as
reflected by stronger responding to CSthreat compared to the safety-
related CSsafe and CSsafeShift. Therefore, responding to the CSthreat
was compared to responding averaged across CSsafe and CSsafeShift.
The second contrast assessed whether differences in responding to the
two safety-related CSs already occurred during acquisition. Therefore,
responding to CSsafe was compared with CSsafeShift. For these two
contrasts, US expectancy ratings or SCRs served as the dependent vari-
able, whereas CS type (CSthreat, CSsafe, & CSsafeShift), Block (Blockl &
Block 2), and their interaction served as fixed effects. Participants served
as the only random effect in the linear mixed models for all analyses.

2.4.1.2. Safety behavior acquisition training. To examine whether safety
behavior to CSthreat* trials was acquired, we provided the descriptive
magnitude of safety behavior averaged across all CSthreat* trials.
Regarding US expectancy ratings and SCRs, we examined whether the
reinforced CSthreat trials would evoke stronger responding to avoidable
CSthreat* trials and the safety-related CS trials. Thus, responding to
CSthreat was compared to responding averaged across CSthreat*,
CSsafe, and CSsafeShift. We also added a non-preregistered orthogonal
contrast. This contrast examined whether responding to the two safety-
related CS trials already occurred during acquisition to check for po-
tential differences before safety behavior shift. Thus, responding to
CSsafe was compared with CSsafeShift. To this end, US expectancy
ratings or SCRs served as the dependent variable whereas CS type
(CSthreat, CSthreat*, CSsafe, & CSsafeShift), Block, and their interaction
served as fixed effects.

2.4.2. Main hypotheses

2.4.2.1. Safety behavior shift. The descriptive magnitude of safety
behavior to CSsafeShift* trials was provided to assess whether partici-
pants used safety behavior to these trials. Furthermore, to assess
whether conditioned fear to the CSs changed once safety behavior
availability shifted to CSsafeShift trials, two orthogonal contrasts were
applied to the models in this phase. The first contrast compared
responding to CSthreat trials with responding averaged across CSsafe
and CSsafeShift* trials; this contrast assessed whether conditioned fear
persisted to reinforced CSthreat trials. The second contrast compared
responding to CSsafe with CSsafeShift*, examining whether conditioned
fear to these two CSs already differed once safety behavior availability
was shifted to CSsafeShift. To this end, US expectancy or SCRs served as
dependent variable, whereas CS type and Block served as fixed factors.

2.4.2.2. Generalization test. To assess fear generalization to the GSs and
whether generalized fear to CSsafeShift increased due to safety behavior
to CSsafeShift trials in the previous phase, two orthogonal contrasts
were applied. The first contrast examined whether participants exhibi-
ted fear generalization, as indexed by stronger responding to GSthreat
compared to responding averaged across GSsafe and GSsafeShift trials.
More importantly, the second contrast examined one of the main hy-
potheses, examining whether generalized fear to GSsafeShift was
stronger than GSsafe. To reduce confounded extinction learning, only
the first block of Generalization test was analyzed, as preregistered. To
this end, US expectancy or SCRs served as dependent variable whereas
GS type served as the fixed effect.

2.4.2.3. Robust regression models. Robust regression models examined
whether the degree of safety behavior to CSsafeShift trials during Safety
behavior shift predicted generalized fear to GSsafeShift in Generalization
test. To this end, safety behavior to the CSsafeShift trials on the last block
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of Safety behavior shift predicted the degree of generalized fear, as re-
flected by US expectancy ratings or SCRs, to the GSsafeShift trials on the
first block of Generalization test.

2.4.3. Exploratory analyses

We explored whether the expected increase in US expectancy to
GSsafeShift was not merely due to negative generalization decrement (i.
e., a decrease in fear inhibition to safety-related GSs due to stimulus
generalization). To this end, we compared US expectancies to CSsafe and
CSsafeShift on the last block of Fear acquisition training with US expec-
tancies to GSsafe and GSsafeShift on the first block of Generalization test.
Note that we did not use US expectancy ratings to the safety-related CSs
during Safety behavior shift given that the use of safety behavior might
have already modulated US expectancy ratings to CSsafeshift (see Ex-
pectancy model; [26]).

We also explored whether individual differences such as trait anxi-
ety, intolerance of uncertainty, or distress tolerance would have any
effect on 1) the degree of safety behavior to CSsafeShift trials during
safety behavior shift, 2) degree of fear generalization to the GSs during
Generalization test, and 3) modulating the relationship between safety
behavior to CSsafeShift and generalized fear to GSsafeShift. To this end,
these individual differences were added into the aforementioned models
in Main hypotheses as continuous variables.

In all the linear mixed models, the main effects and higher-order
interactions were analyzed in separate models [13]. The degree of sig-
nificance was reported with Satterthwaite approximation for degrees of
freedom [41]. All analyses were conducted in R (R core team, 2022),
with Imer package for linear mixed models [2] and robust package for
robust regression analyses [30]. The effect sizes in the frequentist
models were reported as partial-R?> [17] with r2glmm package [16].
Furthermore, as we expected null differences in responding between
CSsafe and CSsafeShift during the two acquisition phases, we used a
Bayesian approach to support the absence of an effect [19]. In these
Bayesian models, we obtained the 95 % highest density intervals (HDIs)
that contained the most credible values (analog to 95 % confidence in-
terval in frequentist analyses). We then calculated the posterior distri-
bution via Markov Chain Monte Carlo that fell under the area of the null
value, namely the Region Of Practical Equivalence (ROPE). The per-
centage of HDIs that fell under ROPE was calculated; the higher this
percentage was, the more likely it reflected an absence of an effect [19,
20].

3. Results

We only included participants who acquired greater US expectancy
ratings to CSthreat than US expectancy ratings averaged across CSsafe
and CSsafeShift on the last block of Fear acquisition training. Four par-
ticipants were excluded from this criterion, leaving 116 participants in
the final sample. In addition, SCR data for eleven participants were not
recorded due to technical issues, thus they were treated as missing data
in the dataset. However, their behavioral data were retained for analyses
(i.e., n =116 for behavioral data, n = 105 for SCR data). The descriptive
statistics for the sample can be seen in Table 1. All these exclusion

Table 1
Descriptive statistics for the sample. DTS = Distress tolerance scale; IUS =
Intolerance of uncertainty scale; DASS21 = Depression Anxiety Stress scale —21.

Mean (SD)
Gender (Women/Men/Other/Prefer not to disclose) 80/32/3/1
Age 21.09 (2.56)
US intensity (mA) 1.29 (0.49)
DTS (1-5) 3.33(0.82)
1US (27-135) 61.89 (17.24)
DASS21-Depression (0—42) 6.34 (6.22)
DASS21-Anxiety (0—42) 10.03 (6.96)
DASS21-Stress (0—42) 12.48 (6.85)
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criteria were preregistered (see https://osf.io/auvpy). The dataset is
available at https://osf.io/z2dgh/.

3.1. Manipulation check

3.1.1. Fear acquisition training

Fig. 2 shows the US expectancy ratings and SCRs to stimuli across the
experiment. For the first contrast (CSthreat vs CSsafe & CSsafeShift),
participants exhibited higher US expectancy ratings to the CSthreat
compared to the average of CSsafe and CSsafeShift; this difference was
larger in the second block compared to the first block. This pattern was
supported by a significant interaction between CS type and Block, bCS
type(CSthreat vs CSsafe & CSsafeShift)*Block = 22.89, SE = 0.76, p
<.001, R? = 0.39. Similarly, we observed stronger SCRs to CSthreat
compared to responding averaged across CSsafe and CSsafeShift while
this difference was larger in the second block compared to the first
block, bCS type(CSthreat vs CSsafe & CSsafeShift)*Block = 0.090, SE =
0.015, p <.001, R? = 0.024.

For the second contrast (CSsafe vs CSsafeShift), there was no evi-
dence that neither US expectancy ratings nor SCRs differed between
CSsafe and CSsafeShift (smallest p =.204). Bayesian models further
supported the absence of an effect in both measures, as > 98 % of HDIs
of the interactions and main effect involving CS type fell under ROPE. In
sum, participants successfully acquired differential US expectancy rat-
ings and conditioned fear to the CSs during acquisition without any
differences in responding to CSsafe and CSsafeShift.

3.1.2. Safety behavior acquisition training

Participants showed an average of 88.35 % (SD = 21.24) safety
behavior to CSthreat* trials, suggesting that participants used safety
behaviors to a great extent when it could probabilistically prevent US
onset. Additionally, only 9.91 % of CSthreat* trials were reinforced by a
US, suggesting that the contingencies between a safety behavior
response and US omission worked as intended. For the first contrast
(CSthreat vs CSthreat*, CSsafe, & CSsafeShift), participants exhibited
higher US expectancy ratings to reinforced CSthreat trials, compared to
US expectancies averaged across CSthreat*, CSsafe, and CSsafeShift
trials, bCS type(CSthreat vs CSthreat* & CSsafe & CSsafeShift) = 17.72,
SE = 0.49, p <.001, R% = 0.52. This effect did not significantly interact
with Block, bCS type(CSthreat vs CSthreat* & CSsafe & CSsafeShift)
*Block = 1.22, SE = 0.96, p =.204, R? = 0.013. Similarly, participants
showed stronger SCRs to the reinforced CSthreat trials when compared
to responding across the remaining CS trials, bCS type(CSthreat vs
CSthreat* & CSsafe & CSsafeShift) = 0.081, SE = 0.0079, p <.001, R?Z=
0.082, while there was no evidence that this difference differed between
blocks, bCS type(CSthreat vs CSthreat* & CSsafe & CSsafeShift)*Block =
0.014, SE = 0.016, p =.382, R? = 0.001.

For the second contrast (CSsafe vs CSsafeShift), there was no evi-
dence that participants showed any differences in US expectancy ratings
or SCRs between CSsafe and CSsafeShift (smallest p =.317). Bayesian
models supported the absence of an effect in both measures, as >
97.26 % of HDIs of main effects fell under ROPE. An exception was that
only 61.96 % of HDIs of the CStype*Block interaction fell under ROPE.
However, this was due to a descriptively weaker responding to CSsafe-
Shift compared to CSsafe, while this descriptive difference was larger in
the second block compared to the first block. If anything, this descriptive
difference would have contributed to greater responding to GSsafe
compared with GSsafeShift in Generalization test (i.e., a pattern opposite
of our hypothesis).

In sum, participants successfully acquired the safety behavior — US
omission contingency. They continued to show heightened conditioned
fear to the reinforced CSthreat trials compared to other CSs and no
differences in responding between the safety CSs.
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Safety behavior shift. Participants showed an average of 25.35 % (SD
= 36.36) safety behavior to CSsafeShift* trials. For the first contrast
(CSthreat vs CSsafe & CSsafeShift*), participants continued to show
higher US expectancy ratings to the reinforced CSthreat compared to
ratings averaged across CSsafe and CSsafeShift*; this difference was
larger in Block 2 compared to Block 1. This pattern was supported by a
significant interaction between CS type and Block, bCS type(CSthreat vs
CSsafe & CSsafeShift*)*Block = —0.71, SE = 0.84, p =.030, R? =0.003.
In contrast, although SCRs were stronger to CSthreat compared to
averaged responding to the safety-related CSs averaged across blocks,
bCS type(CSthreat vs CSsafe & CSsafeShift*) = 0.13, SE = 0.0089, p
<.001, R? = 0.13, this differential difference did not differ between
blocks, bCS type(CSthreat vs CSsafe & CSsafeShift*)*Block = 0.028, SE
=0.018, p =.121, R? = 0.002.

For the second contrast (CSsafe vs CSsafeShift*), there was no evi-
dence that US expectancy or SCRs differed between CSsafe and CSsa-
feShift (smallest p =.132). Bayesian models supported the absence of an
effect in both measures, as > 95.23 % of HDIs of the interactions and
main effects involving CS type fell under ROPE. Thus, threat expectancy
nor SCRs to CSsafeShift* was not elevated compared to CSsafe when
safety behavior to CSsafeShift was available.

3.2.1. Generalization test (first test block only)

Two orthogonal contrasts were applied to the US expectancy and
SCR data. For the first contrast (GSthreat vs GSsafe & GSsafeShift),
participants showed higher US expectancy ratings to GSthreat compared
with ratings averaged across GSsafe and GSsafeShift, bGS type(GSthreat
vs GSsafe & GSsafeShift) = 20.04, SE = 0.59, p <.001, R? = 0.60.
Similarly, participants showed stronger SCRs to GSthreat compared with
responding averaged across the safety-related GSs, bGS type(GSthreat vs
GSsafe & GSsafeShift) = 0.073, SE = 0.011, p <.001, R? = 0.05.

Most importantly, for the second contrast (GSsafe vs GSsafeShift),
participants exhibited higher US expectancy ratings to GSsafeShift
compared to GSsafe, bGS type(GSsafe vs GSsafeShift) = 2.44, SE =1.02,
p =.018, R? = 0.007. In contrast, there was no evidence that this dif-
ference was observed in the SCR data, bGS type(GSsafe vs GSsafeShift) =
—0.0046, SE = 0.020, p =.814, R? < 0.001. In sum, participants showed
generalized fear to GSthreat as indexed by both US expectancy ratings
and SCR. More importantly, participants showed an increase in gener-
alized US expectancies to GSsafeShift (due to the avoidable CSsafeShift*
trials during Safety behavior shift). We also explored whether this effect
was long-lived by including both test blocks (see detailed analyses in the
Supplementary Materials). In brief, no effects comparing the differences
in responding to GSsafeShift and GSsafe reach significance. This null
effect was presumably due to extinction learning, especially in the sec-
ond test block.

3.2.2. Regression models

Fig. 3A and B show the relationship between safety behavior to
CSsafeShift trials on the last block of Safety behavior shift and generalized
fear to GSsafeShift trials on the first block of Generalization test. Stronger
use of safety behavior to CSsafeShift was significantly associated with
higher US expectancy ratings to GSsafeShift, bayoidance = 0.49 SE =
0.060, p <.001. In contrast, there was no evidence that safety behavior
to CSsafeShift predicted SCRs to GSsafeShift, bayoidance = 0.0018 SE =
0.0013, p =.175. We further explored whether the increase in general-
ized US expectancy ratings to GSsafeShift was specifically due to the use
of safety behavior to CSsafeShift. If so, we should observe limited to no
association between the use of safety behavior to CSsafeShift and
generalized fear to GSsafe. To this end, we explored whether safety
behavior to CSsafeShift in the last block of Safety behavior shift was
associated with generalized fear to GSsafe in the first block of General-
ization test. We found no evidence that safety behavior use to CSsafeShift
was associated with either US expectancy ratings or SCRs to GSsafe
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(smallest p =.249).

3.3. Exploratory analyses

3.3.1. Cross-phase analysis to account for negative generalization
decrement

When comparing US expectancies to CSsafe and CSsafeShift on the
last block of Fear acquisition training, there was an increase in US ex-
pectancy ratings to both GSsafe and GSsafeShift on the first block of
Generalization test, bPhase = 11.94, SE =1.13, p <.001, R? = 0.094. This
increase was presumably due to a negative generalization decrement (i.
e., a decrease in fear inhibition to safety-related GSs due to stimulus
generalization). The increase in US expectancy ratings from CSsafeShift
to GSsafeShift was significantly greater than those from CSsafe to
GSsafe, supported by a significant interaction between Phase and GS
type, bGS type(CSsafe/GSsafe vs CSsafeShift/GSsafeShift)*Phase =
6.69, SE = 2.25, p =.003, R% = 0.08. This pattern suggests that the in-
crease in expectancy to GSsafeShift was not only due to negative
generalization decrement, assuming that the magnitude of negative
generalization decrement was the same for GSsafe and GSsafeShift. In
contrast, no effects in the SCR data reached significance (smallest p
=.667).

3.3.2. Individual differences in safety behavior and conditioned fear

During Safety behavior shift, there was no evidence that trait anxiety,
intolerance of uncertainty, nor distress tolerance modulated safety
behavior to CSsafeShift when controlling for each other (smallest p
=.391). Similarly, during Generalization test, there was no evidence that
either predisposition factors had any effect on the differential US ex-
pectancy ratings or SCRs between the threat-related GSs and the safety-
related GSs, nor any differences in responding between the two safety-
related GSs (smallest p =.052).

Regarding the relation between safety behavior to CSsafeShift and
US expectancy ratings to GSsafeShift, there was no evidence that neither
intolerance of uncertainty nor distress tolerance modulated this relation
(smallest p =.371). Trait anxiety did positively modulate this relation
when controlling for the other two traits (Fig. 3C & D): the higher trait

anxiety was, safety behavior to CSsafeShift more strongly predicted US
expectancy to GSsafeShift, bayoidance*Anxiety = 0.051 SE = 0.018, p
=.006. However, the variance inflation factors (VIFs) for this model
ranged from 6.7 to 32.3, indicating a severe multicollinearity issue.
Therefore, we mean-centered all the continuous trait variables, which
markedly reduced the VIFs for the interaction terms (largest VIF = 2.3;
see [15]). In this revised model, trait anxiety still positively modulated
the association between safety behavior to CSsafeShift and US expec-
tancy to GSsafeShift, bayoidance*Anxiety = 0.36 SE = 0.13, p =.006. For the
SCR data, there was no evidence that any individual trait modulated the
relation between safety behavior to CSsafeShift and responding to
GSsafeShift (smallest p —=.208).>

4. Discussion

The current study sought to examine whether the formation of threat
expectancy to safety cues induced by safety behavior generalizes to
related but novel generalization stimuli. In addition, we examined
whether the degree of safety behaviors to the safety cue would predict
the degree of generalized threat responses to it.

During the first block of Generalization test, participants showed
higher US expectancy ratings to GSsafeShift compared to GSsafe, in
which the former belonged to the same category of CSsafeShift, a safety
cue that participants could use safety behaviors to during Safety behavior
shift. This pattern expands on past findings that not only engaging in
safety behaviors to a safety cue induces maladaptive threat belief to it (e.
g., [9,50,62]), but this maladaptive belief also generalizes to other novel
stimuli that conceptually resemble the avoided safety cue. This pattern
was unlikely due to a pre-existing bias in responding between CSsafe and
CSsafeShift, as the Bayesian models supported the absence of differences
in responding between these two safety-related CSs during the acquisi-
tion phases.

2 We have also examined the effect of gender on generalized threat beliefs
due to the use of safety behaviors. Detailed analyses can be found in the Sup-
plementary Materials.
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The increase in US expectancy ratings to GSsafeShift was not merely
due to generalization decrement. Generalization decrement refers to a
discrepancy in responding between the original trained cue and a novel
generalization stimulus [29]. In this context, a generalization decrement
was indicated by a general increase in US expectancy ratings to the
safety-related GSs compared to the safety-related CSs (i.e., negative
generalization decrement: a decrease in inhibitory responses due to
generalization). However, a cross-phase analysis revealed that the in-
crease in responding from CSsafeShift to GSsafeShift was greater than
from CSsafe to GSsafe, thus suggesting that the increase in threat ex-
pectancy from CSsafeShift to GSsafeShift was not merely due to negative
generalization decrement, but also due to previous use of safety be-
haviors to CSsafeShift. Therefore, the current study provides robust
evidence that maladaptive threat belief induced by safety behaviors to
safety cues generalizes to other related novel cues.

It has been proposed that the mere availability of safety behaviors
may suffice to signal threat and thereby form threat beliefs [44].
Therefore, the mere availability of safety behaviors to a safety cue may
increase threat expectancy to it even when safety behaviors were not
used [51]. However, we found that the individual degree of safety be-
haviors positively predicted the level of generalized threat expectancies:
while participants who used little safety behaviors to the safety cue
(CSsafeShift) showed limited generalized threat expectancies (to GSsa-
feShift), those who used safety behaviors to a greater extent showed
stronger generalized threat expectancies. The current findings, along
with preliminary evidence from our lab [61], suggest that the degree of

safety behavior use to safety stimuli determined the increase in gener-
alized threat beliefs to novel stimuli related to the safety stimuli.

Exploratory analyses showed that when controlling for other indi-
vidual risk factors, trait anxiety positively moderated the link between
safety behaviors to CSsafeShift and generalized threat expectancies to
GSsafeShift. This pattern tentatively suggests that highly anxious in-
dividuals are more likely to weigh the use of safety behaviors to a safety
cue for their evaluation of threat. That means, trait anxious individuals
might be more likely to infer generalized threat based on their use of
safety behaviors (i.e., behavior as information). This pattern fits with
findings that trait anxiety modulates the link between fear and avoid-
ance [37] and clinical evidence that individuals with anxiety-related
disorders and obsessive-compulsive disorders tend to infer threat from
their behaviors [49]. Therefore, the current study provides an experi-
mental model of how individuals expand their scope of maladaptive
(albeit mild) threat beliefs to novel cues that are related to safety cues
that one had used safety behaviors to, whereas this pattern was pre-
liminary suggested to be elevated in trait anxious individuals. Although
this pattern was not found in intolerance of uncertainty or distress
tolerance, it could be due to a power issue (e.g., [33]). Future studies
with appropriate sample sizes are required to examine whether these
risk factors are associated with an increase in generalized threat ex-
pectancies due to the use of safety behaviors.

One advantage of measuring safety behavior on a continuum is that it
can more sensitively measure the extent of safety behavior use. It
arguably increases face validity as it allows the measure of partial use of
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safety behavior [21,59]. Preliminary studies [56,57] measuring safety
behavior on a continuum also found that individuals at risk of devel-
oping clinical anxiety showed excessive safety behavior even in the
absence of realistic threat, a pathological feature commonly observed in
clinical anxiety. Therefore, these findings provide preliminary support
that a continuum measure of safety behavior might have met the diag-
nostic validity criteria. However, it remains unclear whether this mea-
sure of safety behavior is strong in other external validities., for instance,
predictive validity. Future research is much required to fully validate
this measure on other validity criteria (see [21]).One limitation of the
study was that the significant difference in threat expectancies between
GSsafe and GSsafeShift was small, compared to previous studies (e.g.,
[9,62]). This small effect size was presumably due to the current study
including all participants despite some of them showed limited to no use
of safety behaviors to the safety cue, whereas previous studies (e.g., [9,
62]) excluded these participants. However, including all participants
regardless of their use of safety behaviors to the safety cue allowed us to
examine whether the degree of safety behaviors use determined the
degree of threat expectancies generalization to related cues. Another
limitation was that most findings were observed in threat expectancy
data but not in SCR data. Noted that the null effect in SCR data was not
due to unsuccessful differential acquisition to the CSs. This apparent
dissociation between the two measures could be attributed to the
three-system model of anxiety [23,31], which proposed that fear is ac-
quired and expressed via three independent systems, including cognitive
system such as verbal report of subjective experience, overt behavior,
and physiological activity. This model proposes that these three systems
can function somewhat autonomously, leading to varying response
levels across different measures to the same stimulus. However, this
model fails to clearly predict when and why responding across different
systems will diverge, or under what conditions responding should
converge. An alternative explanation for the apparent discrepancy be-
tween the measures in the current study could be SCRs being less sen-
sitive in detecting differences in responding to the safety-related GSs,
due to its high inter-individual variability [3].

In conclusion, the current study extends the findings of an increase in
threat expectancies to safety cues due to the use of safety behaviors and
found that such increase in threat expectancies also generalizes to other
related cues. Another key finding was that the degree of safety behaviors
use to a safety cue predicted the increase in generalized threat expec-
tancies to related cues, suggesting that the actual use of safety behaviors
contributed to the formation of (generalized) maladaptive threat beliefs
to other cues. Clinical implications suggest that clinicians should pay
attention to minimize subtle safety behaviors to innocuous situations or
objects.
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