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Abstract
Affect labeling is a strategy for decreasing negative emotions, such as fear and anxiety, and is considered
a form of implicit emotion regulation. Initial studies have examined affect labeling in individuals with
anxiety disorders as a strategy to enhance exposure therapy, a common treatment for these disorders. There
is some evidence to suggest that physiological responses are attenuated in response to viewing labeled
emotional stimuli, specifically negative images. However, to our knowledge there have been no studies to
date that have examined affect labeling in healthy participants in a laboratory setting using the laboratory
analog for exposure — fear extinction, nor have these studies considered potential individual differences in
affect labeling ability. The present study aims to 1) investigate how individual differences in affect labeling
ability relate to fear extinction outcomes in participants and 2) examine whether viewing labeled emotional
stimuli during fear extinction results in reduced threat responses during extinction and during a test for
return of fear (the laboratory analog for clinical relapse). Healthy participants (ny = 54 and n; = 37)
underwent a classical fear acquisition and extinction procedure with a test of spontaneous recovery and
performed an affect labeling test. Some participants were assigned to modified extinction procedures that
included either negative emotion word labels or neutral content word labels. Skin conductance responses
and shock expectancy ratings were recorded as indicators of fear response. Results investigating fear
extinction success and scores on the affect labeling test revealed no significant relationship of individual
ability to label emotions and extinguish and prevent return of fear. Preliminary observations comparing the
groups that underwent a modified negative word extinction and that underwent a modified neutral word
extinction indicate that the design of the study is mostly effective and might point to patterns of altered
extinction and return of fear when a negative emotion word is present during extinction. A larger sample is
needed to confirm these findings. This type of research provides an important foundation for future
investigations of affect labeling as a potential strategy to enhance extinction learning. Continued work
should further attempt to understand how affect labeling functions and its impact on extinction outcomes,

S0 as to enhance extinction outcomes and improve clinical treatments.
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Introduction

Anxiety disorders, obsessive compulsive disorder (OCD), and other fear-related disorders have a
high lifetime prevalence (e.g., anxiety disorders lifetime prevalence: 33.7%; Kessler et al., 2012). These
disorders are not only damaging for individuals, but also have detrimental costs for the healthcare system
and broader society (Bandelow & Michaelis, 2015). Although current cognitive and exposure-based
treatment methods have been shown to be effective, a range of 10-50% of individuals receiving these
treatments remain symptomatic or experience a relapse of clinical symptoms following treatment (Arch &
Craske, 2009; Bystritsky, 2006; Craske & Mystkowski, 2006; Schottenbauer et al., 2008). A central
component of many of these disorders is negative fear memories. It is important to study negative fear
memories in the lab so that we can seek to understand how fears develop and importantly, how negative
memories can be targeted as a potential avenue for treatment (Craske et al., 2018).

Fear conditioning and extinction paradigms? are used as a laboratory analog to study how fear
memories develop and diminish over time, respectively, in healthy populations (Milad & Quirk, 2012).
Extinction learning is also an analog for exposure therapy, a common treatment for fear-based disorders
(Craske et al., 2018). Return of fear responses, by which the initial fear reappears some period of time
after undergoing extinction, is a parallel for relapse following exposure (Rachman, 1989). Extinction is a
relatively weak process, and for decades, researchers have been using fear conditioning and extinction
paradigms to examine potential strategies to enhance extinction learning in the lab, with the ultimate goal
to be able to translate these findings back to the clinic (Craske et al., 2018). A key part of this initial
research is understanding first how individual difference factors in the population impact fear extinction
outcomes. This may provide insight into how different people would respond to exposure-based
treatments and factors that could be targeted to influence exposure therapy success.

The existence of individual variability in how people acquire and recover from fear has been
extensively documented (Bush et al., 2007; Holmes & Singewald, 2013; Lonsdorf & Merz, 2017,

Shumake et al., 2014). A number of previous neuroimaging studies have also confirmed individual

I Note, the choice to use “fear conditioning” is based on commonly used terminology in the literature. We acknowledge that
there is some debate as to whether the term “fear” correctly portrays the emotions experienced by participants (Barrett, 2012;
LeDoux, 2017)
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differences in how people neurobiologically respond to fear conditioning and extinction (Dunsmoor et al.,
2011; Hartley et al., 2011; Indovina et al., 2011). Because there is an inherent role of emotional
processing that occurs during fear reduction, emotional processing is an important direction of future
research on individual differences (Foa & Kozak, 1986; Foa et al., 2006; Olatunji et al., 2007). Fear
memories are highly emotional, and the method of eradicating those memories also involves processing
the associated emotions. Indeed, some researchers conceptualize fear extinction as a form of emotion
regulation (Hartley & Phelps, 2010). Extinction of a fear memory requires inhibition of fear responses to
the associated stimulus, and attention to threat cues and self-awareness (Craske et al., 2022). Therefore,
emotion processing and regulation are likely important to the process of fear reduction, and fear
extinction in the lab.

Across countries, cultures, and generations, emotion is experienced differently from person to
person (Winter & Kuiper, 1997). And further, how people recognize, identify, and regulate those
emotions also varies across individuals (Bonanno & Burton, 2013; Gohm, 2003; Lieberman et al., 2011).
Understanding how individual differences in the ability to process and regulate emotion therefore may be
important to the study of fear learning and especially, fear extinction (Hartley & Phelps, 2010). Other
emotion regulation strategies (e.g., cognitive reappraisal) are already known to improve fear extinction
outcomes (Hermann et al., 2014; Kitamura et al., 2022), but the emotion regulation strategy of affect
labeling has not yet been examined.

Affect labeling is a strategy for managing negative emotions and is considered a form of implicit
emotion regulation (Torre & Lieberman, 2018). Affect labeling is consistently defined and studied in
laboratory settings as describing an emotion you observe in another person or feel in yourself (Hariri et
al., 2000; Lieberman et al., 2007). It is both an internal and external skill that is reflexive according to
established literature (Salovey & Mayer, 1990). Neuroimaging research suggests that affect labeling
dampens the fear memory brain circuitry. Specifically, affect labeling results in reduced activity in the
amygdala, and increased activity in the right ventrolateral prefrontal cortex and medial prefrontal cortex —

a top-down inhibitory pathway (Lieberman et al., 2007). These same neural circuits were also observed to
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function in a top-down manner in a large systematic review of functional connectivity during emotion
processing in healthy participants (Underwood et al., 2021). In further support of this dampening theory,
there is physiological evidence of an attenuation of skin conductance response (a physiological measure
of emotional arousal assessed by sweat levels often on the hand or fingertips) in people who view labeled
emotional stimuli compared to non-labeled emotional stimuli (Tabibnia et al., 2008). Additionally, there
is evidence to support that labeling may also decrease self-reported distress while viewing negative
stimuli (Burklund et al., 2014; Lieberman et al., 2011; Constantinou et al., 2014).

Given these findings from cognitive neuroscience research on how affect labeling dampens fear
memory circuitry, there have been some initial studies examining affect labeling in individuals with
anxiety disorders and OCD as a strategy to enhance exposure therapy (Kircanski et al., 2012; Kreiser et
al., 2019; Niles et al., 2015). Even though it may seem like a simple addition, prior research suggests that
instructing people to label emotions during exposures may improve therapy outcomes in populations with
OCD (Kreiser et al., 2019), public speaking anxiety (Niles et al., 2015), and specific phobia (Kircanski et
al., 2012). For example, in the Kreiser et al. (2019) study, when participants chose the emotion they felt
from a word list as they were undergoing an exposure event, there was an observed reduction in skin
conductance response over time during the exposure and at a 1-week follow-up test compared to
participants undergoing exposure alone.

However, all three previous studies showed that reduction in physiological responses were not
always accompanied by a reduction in self-reported fear. Kircanski et al. (2012), Kreiser et al. (2019), and
Niles et al. (2015) found that SCR and/or heart rate decreased with affect labeling in exposure groups but
self-reported fear levels did not show the same decrease. In addition, the participants who chose more
anxiety words during the affect labeling activity showed lower SCR responses at a one week re-test
(Kircanski et al., 2012; Niles et al., 2015). Finally, Kreiser et al. (2019) interestingly found that choosing
an emotion word from a list, but not spontaneously coming up with an original label, resulted in a
decreased SCR during exposure. Given these somewhat mixed results, still not enough is known about

affect labeling to establish and maximize it as an enhancement to exposure therapy treatment.
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Additionally, previous studies were conducted in clinical populations without taking into account
any potential individual differences in affect labeling ability. In people with anxiety and other fear-related
disorders, there are often deficits in these inhibitory learning and top-down regulatory pathways (Craske
et al., 2022), especially during the inhibitory learning that is necessary during extinction (Sehlmeyer et al.,
2011). As such, it is likely that in these populations there may also be deficits in affect labeling ability. It
is also reasonable to expect that individual variability in affect labeling ability exists within the general
population. Differences in emotional experience and emotion regulation can be observed in clinical
populations and healthy populations alike (Burklund et al., 2014; Sheppes et al., 2015). Further, in healthy
populations past studies have observed differences specifically in how people label emotions and rate
affect (Constantinou et al., 2014). It is useful to study affect labeling as it relates to fear reduction in the
general population prior to examination in clinical populations in order to gain understanding of the
healthy functioning and pre-existing differences of affect labeling ability.

Although “affect labeling” has been specifically defined as describing an emotion you observe in
another person or feel in yourself, studies have operationalized it in various ways (Torre & Lieberman,
2018). Previous cognitive neuroscience studies that explored affect labeling most often used affect
matching designs, e.g., matching pairs of emotional faces or choosing between two listed emotion words
corresponding to an emotional face presented (Lieberman et al., 2007). This design emphasizes direct
recognition and simple discrimination of emotions in others and does not require spontaneous verbal
labelling. In contrast, in clinical studies, participants will often choose an emotion word from a given list
or will choose a subjective self-label for what they are feeling during an exposure event (Burklund et al.,
2014; Constantinou et al., 2014; Kircanski et al., 2012; Kreiser et al., 2019; Niles et al., 2015). Yet, there
are other implicit aspects to putting feelings into words that may be important, for example, affect naming
of emotional faces or verbal expressions of emotion. The studies conducted here aim to address these
limitations and examine: 1) whether affect labeling as an individual difference factor relates to extinction
learning and return of fear, and 2) whether an affect labeling manipulation can serve to enhance extinction

and prevent the return of fear.
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Study 1 Aims

The primary goal of Study 1 was to investigate whether individual differences in affect labeling ability
relate to fear extinction outcomes. To our knowledge, no study has examined the relationship between
affect labeling ability and fear extinction. The Comprehensive Affect Testing System (CATS; Froming et
al., 2006) was used as a measure of affect labeling ability. The CATS, developed to be a more
comprehensive assessment of more nuanced affect identification and labeling abilities, has been effective
in prior research in detecting how certain individual characteristics, like age, are related to affect labeling
performance in healthy individuals (Schaffer et al., 2009). Given the prior research of affect labeling in
clinical populations and studies observing changes in neural, physiological, and self-reported fear
responses when healthy individuals are instructed to label affect, we expected that affect labeling
performance would be worse in participants who also had poorer fear extinction outcomes. Study 1
completed independent data collection (n = 54) and analyses also include the control group collected

during Study 2 (n = 13), for a total sample analyzed n = 67.

Study 2 Aims

The goal of Study 2 was to examine whether viewing affectively labeled conditioned stimuli during fear
extinction resulted in reduced fear responses during extinction and during a test for return of fear. Study 2
provides pilot data to analyze this question and serves as the foundation for the future fully powered study
examining this manipulation. The sample size was n = 37, with n = 13 control participants receiving

standard extinction and two additional experimental groups (n=12 each).

This study adds to the current literature in that no study has examined affect labeling within the context of
a fear conditioning and extinction paradigm. This is an important step because extinction is a well-
established model for exposure therapy. Additionally, neutral cues that become threatening after repeated
pairings within an unconditioned stimulus during conditioning, may better represent how fear and anxiety

responses develop to neutral cues in the natural world in the context of fear-related disorders. The impact
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of affectively labeling these stimuli may differ from labeling stimuli that are inherently negative in
valence (e.g., IAPS pictures) as has been done in past research. The fear conditioning model also allows
for examination of the impact of affect labeling at the time of labeling and at a future test of return of fear

responses.
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Methods
Participants
Participants were sampled from the community surrounding Tufts University. Recruitment efforts
involved flyers and online postings for participation credit of academic credit for university students and
cash payment for community members, or a combination of the two. The study inclusion criteria were: (1)

Healthy adults aged 18-50; (2) Normal or corrected-to-normal vision and hearing; (3) Fluent in English.

The study exclusion criteria were: (1) Participation in another experiment involving electric stimulation
within the past 6 months; (2) Current neurological, endocrine or psychiatric disorder, or treatment for one
of these disorders within the past year; (3) Medical issues (e.g., seizures, heart conditions, pregnancy) or
implantable medical devices (e.g., pacemakers, defibrillators) that contraindicate fear conditioning; (4)
Color blindness; (5) History of unusual adverse reactions to pain or uncomfortable physical stimuli; (6)
Current regular medication use, with the exception of oral contraceptives and acetaminophen; (7)
Cigarette smoking or any drug use (i.e., marijuana, illegal drug use) weekly or more; (8) Consuming more
than 3 alcoholic drinks/day on average; (9) Consumption of caffeine within 2 hours of the study
appointments; (10) Consumption of alcohol, marijuana, or nicotine on the day of study appointments;
(11) Use of illegal substances within 24 hours of a study appointment. These exclusion criteria were
chosen in order to recruit a relatively healthy sample, reduce confounding factors that could impact

physiological responses, and/or reduce risks to participants.

We predicted, based on our experience in this field and previous research studies (Schaffer et al., 2009),
that a sample size of 60 was adequately powered to detect a moderate to large effect hypothesized for
Study 1 and that a sample size of 36 was sufficient to ensure feasibility of the design and detect a trend in

the associations we hypothesized for Study 2.
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Procedures
Procedures common to both studies 1 and 2 are described first, followed by an explanation of unique

components of studies 1 and 2.

I Overview
This study was approved by the Tufts Institutional Review Board and preregistered with Open Science
Framework prior to the start of data collection (January 25, 2023; osf.io/xby6m). The fear conditioning
protocol used was developed by the Human Extinction Workgroup of the Exposure Therapy Consortium
(osf.io/r42tu). This protocol has been tested by multiple research groups and results have demonstrated
adequate acquisition, extinction, and return of threat responses to assess extinction enhancement

strategies.

The study procedures took place across two subsequent days at the same time of day. On Day 1, all
participants read and sign the informed consent form. Consented individuals completed an eligibility
screening questionnaire assessing the criteria outlined above. If eligible, participants were set up with the
equipment and underwent a simple cued fear conditioning and extinction procedure that consisted of the
following phases: habituation, acquisition, extinction. On Day 2, participants underwent a test of

spontaneous recovery. An overview of the procedure can be found in supplementary materials Figure 1.

The conditioned stimuli (CS+ and CS-) were colored shapes on the computer screen and the
unconditioned stimulus (US) is a 200 ms shock to the wrist. The CS duration was 8 seconds and the inter-
trial interval (IT1) was 10 +/- 2 seconds for all phases. After the test of spontaneous recovery on Day 2,
participants completed the affect labeling task to assess affect labeling ability and other questionnaires to

assess related constructs.
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Il. Fear Conditioning Procedures

Equipment, Shock Setting, and Baseline Period. Non-invasive disposable electrodes containing electrode

gel were attached to the participant’s right wrist for shock and connected to the Biopac STMISOC
equipment. The shock level (0.4 — 4.0 mA) was calibrated before the start of the experiment using an
ascending staircase procedure, during which participants chose their level of shock to be “highly
annoying/uncomfortable but not painful.” They also rated their perceived intensity for the shock on an
Intensity Measurement Scale from 0 (no sensation) - 9 (very high intensity). Participants were also affixed
with two noninvasive electrodes on the fingers of their left hand to measure skin conductance per
established guidelines (Fowles et al., 1981; Lonsdorf & Merz, 2017). Participants went through
calibration procedures to ensure they were set up with the equipment and skin conductance was being
recorded correctly. Once the equipment was set up, participants then underwent a five-minute baseline
resting period during which they sat in the dark experiment room with no stimuli presented to ensure that

skin conductance levels returned to baseline following the shock selection procedure.

Habituation and Acquisition. Participants were next given instructions for the task. They were instructed

to pay attention in order to learn the association between the colored shapes and the shock. During the
habituation phase, participants saw 2 CS+ and 2 CS- stimuli that were not associated with shock for the
purpose of initial familiarization to the stimuli. During the acquisition phase, 10 CS+ and 10 CS- were
presented, with 70% of the CS+ trials co-terminating with the shock. The order of stimuli was
pseudorandomized, such that each participant had a different stimuli presentation order (with no more
than 3 of the same shape in a row). The CS+ conditioned stimuli shape (orange square or blue circle) was

counterbalanced across participants, using block randomization.

Extinction. Immediately after acquisition, the extinction phase began. During the extinction phase, 20

CS+ and 20 CS- stimuli were presented without shock. The order was pseudorandomized as above.



AFFECT LABELING IN FEAR EXTINCTION 10

Spontaneous Recovery. Twenty-four hours later, participants returned for a test of spontaneous recovery,

a measure of return of fear response following extinction. They were set up with the equipment in the
same manner as day 1, except the shock setting procedure was not repeated. Participants were, however,
attached to the shock electrodes, the shock was set to the same level as day 1, and participants were told
that if they were to be shocked it would be at the same level that they selected on day 1. During the test of
spontaneous recovery, 12 CS+ and 12 CS- stimuli were once again presented without shock. The first
stimulus presented (CS+ or CS-) was counterbalanced across participants to account for the fact that

participants tend to have larger responses to the first stimulus presented on the test day.

1. Assessments

Skin Conductance

Skin conductance levels were recorded for all phases of conditioning using Biopac AcqgKnowledge

software.

Skin conductance responses (i.e., SCRs) were calculated for each CS+ and CS- using the Autonomate
software (Green et al., 2014) method, by taking the trough to peak amplitude for the largest deflection
during the period of time from stimulus onset (0 seconds) to just prior to the end (7.8 seconds). Because
the US shock was 200 msec and co-terminated with the end of the stimulus at the 8 second mark, 7.8
seconds was used as the endpoint for the stimulus period, to separate it from capturing any skin
conductance response to the shock itself. Non-measurable or no responses were scored as zeros. Per
standard practice (Lonsdorf & Merz, 2017), skin conductance responses were square-root transformed
prior to analysis. Differential SCRs were calculated by subtracting the average SCR to the CS- from the
average SCR to the CS+. Analyses were conducted with all participants and then repeated after removing
participants who had no differential SCR (differential SCR < 0) during the last half of acquisition given

debate over this practice in the literature (Lonsdorf et al., 2019).
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US Expectancy Ratings

Expectancy ratings are the most commonly used self-reported rating during fear conditioning procedures
and given that it is unclear whether participants are experiencing fear or another feeling, expectancy
ratings are the best representation of assessing anticipation of a negative contingency (Boddez et al.,
2013; Constantinou et al., 2021). Participants rated US expectancy for each CS+ and CS- trial during all
fear conditioning phases using a keyboard. Instructions were to indicate whether they expected to receive
a shock to each CS presentation every time from the following options: "yes" (1), "unsure" (2), "no" (3).
“Unsure” was used as a middle value between “yes” and “no” to indicate more of the transition of
contingency learning that happens during each phase. For analyses, ratings were reverse-coded, such that

higher ratings indicated higher expectancy.

Self-Report Questionnaires

Participants completed various self-report questionnaires throughout the study, including the DASS-21

and other questionnaires assessing demographics.

V. Study 1. Assessment of Individual Differences in Affect Labeling
Following the spontaneous recovery session on Day 2, participants were disconnected from the fear
conditioning equipment then completed the CATS-R abbreviated version (Froming et al., 2006) via
Millisecond online testing software on a laptop. The testing system consisted of 13 subtests that measured
different aspects of external affect awareness and emotional processing via pictures of faces with
emotional expressions, sentences with emotional language, and audio of phrases that have emotional
valence. The subtests followed this order: (1) Identity discrimination; (2) Facial affect discrimination; (3)
Non emotional prosody discrimination; (4) Emotional prosody discrimination; (5) Name affect; (6)
Identify emotional prosody; (7) Match affect; (8) Select affect; (9) Conflict — attend prosody; (10)
Conflict — attend meaning; (11) Match prosody to face; (12) Match face to prosody; (13) Three faces. The

faces were sourced from the Ekman and Friesen database of universally recognized and exhibit the six
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major emotional expressions: happy, sad, angry, surprised, fearful, and disgusted (Ekman, 1994; Ekman
& Friesen, 1976). The testing software was self-paced and instructions were automatically delivered via
audio prior to the start of each subtest. There was no time limit and participants were allowed to click the
“repeat” button to hear sentence audio for each question repeated within the subtests that involved audio.
Research suggests that the CATS-R is a reliable and valid assessment of affect labeling differences in
psychological or neurological populations compared to healthy controls and of individual differences in a

large healthy population (Schaffer et al., 2009).

V. Study 2. Extinction Manipulation
Participants were randomized in a 1:1:1 ratio to one of three groups: 1) standard extinction (Study 1); 2)
modified-negative extinction procedure; 3) modified-neutral extinction procedure. In the modified-
negative extinction condition, emotion labels such as “scary” (negative) were placed on the CS+ stimuli
such that each CS+ was labeled 50% of the time with a negative word and unlabeled 50% of the time. The
CS- was not labeled at all. The following negative words were used based on previous studies and
emotion word labels related to fear generated by ChatGPT: scary, negative, unpleasant, distressing,
uneasy. In the modified-neutral group, neutral content labels such as “spatial” were placed on the CS+
stimuli such that each CS+ was labeled 50% of the time with a neutral word and unlabeled 50% of the
time. The CS- was never labeled. The following neutral words were used: spatial, symmetrical,
geometric, outlined, structured. Presentation order and labels were pseudorandomized across all
participants, such that there were no more than 2 labeled or unlabeled stimuli in a row and no more than 2

of the same label presented in a row.

The rationale for the third group is an additional level of across group comparison that could not be
achieved with just a 2 group design that would attempt to analyze responses to negative versus neutral

labels. With this modified-neutral extinction group, responses to a negatively labeled CS+ (group 2) and
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to a neutrally labeled CS+ (group 3) can be compared to analyze whether just mere presence of a label has

an effect, or rather whether any effects are specific to negative emotion labels.

We considered the implications of conditioned inhibition (Hermans et al., 2006) by just altering extinction
stimuli, not spontaneous recovery or acquisition, and decided that leaving spontaneous recovery and
acquisition stimuli unchanged would be the best model for the real world relapse in treatment. To
decrease the likelihood of conditioned inhibition, we presented the label on the same screen just below the
CS+ shape 2-3 seconds following CS+ onset and also only presented the labels on 50% of the CS+
stimuli. One drawback of this is timing is that participants could input a US expectancy rating prior to
seeing the label. This issue is likely only relevant to the first labeled CS+ where the participant may
respond within the three seconds prior to the appearance of the word label. However, it is expected that
overall US expectancy ratings will be influenced by general perceptions of the CS+ not just a single CS+
over the course of extinction. We will look at ratings across all CS+ regardless of label presentations.
Additionally, the first CS+ during extinction was fixed such that it was always unlabeled in order to

facilitate continuity from acquisition into extinction.

Study 1 Analysis Plan

Normality of data was assessed using Shapiro-Wilkes tests and confirmed by inspection of histograms.
The SCR and expectancy rating data were non-normal for all phases of fear conditioning, as were the
CATS-R scores. We proceeded with nonparametric statistical analyses. P values are presented in the

results section and full statistical statements for all analyses are presented in Supplementary Table 1.

Preliminary Analyses:

First, robust linear mixed effects regression models were used to ensure that, on average, the sample

demonstrated the expected pattern of responses during habituation, acquisition, extinction, and the test of
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spontaneous recovery. These linear mixed models were used in place of Wilcoxon signed rank tests for
their effectiveness in handling missing data, non-normal data, and individual differences. All linear mixed
effects models contained a random effect of participant and trial number. The models were used to
examine differences between the CS+ and CS- at various timepoints (first half, last half) using both SCR

and expectancy ratings.

QOutcome Analyses:

Second, to assess the relationship between fear extinction outcomes and performance on the affect
labeling test, robust linear mixed effects regression models were performed with affect labeling score as a
predictor. The two fear extinction outcomes utilized were speed of extinction and spontaneous recovery

of fear.

Speed of Extinction was operationalized in the mixed models as interaction of trial and CS type from trial
1 to trial 3, thereby yielding a differential SCR/expectancy change. Although typically the greatest
reduction in SCR will be observed in the 4-5 initial trials of extinction (Orr et al., 2000), in our data we
observed that the greatest change in SCR occurred within the first 3-4 trials of extinction. As such, we
chose to examine the change from Trial 1 to 3, rather than 1 to 4 as done by Lommen et al. (2013). If
extinction is rapid, a large change in differential SCR would be demonstrated between trial 1 (high
differential SCR) and trial 3 (low SCR). If extinction is slow, a smaller change in differential SCR would

be demonstrated between trial 1 (high differential SCR) and trial 3 (medium-high differential SCR).

Spontaneous Recovery of Fear was operationalized as the differential of CS type during the first 2 trials
of spontaneous recovery, with a large differential indicative or greater return of fear than a small

differential for both SCR and expectancy ratings.
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The main analysis of affect labeling used the CATS-R overall scores (out of 126), calculated from the
sum of each subtests’ number of correct answers out of total questions. Five of the subtests’ scores (2, 5,
7, 10, 13) were corrected for male gender and age per the test manual guidelines. Subtests 1 and 3 were
excluded from the total score because they were non-emotional tests, per the test manual guidelines.
Additionally as secondary analyses, individual subtests 5 (hame affect) and 7 (match affect) were
examined as predictors in linear mixed models of the same two outcomes of extinction success, speed of
extinction and return of fear, to compare any differences in modality of affect labeling (i.e., labeling vs.

matching) which may elicit different responses (Lieberman et al., 2007; Torrisi et al., 2013).

Study 2 Analysis Plan

Normality of data was assessed using Shapiro-Wilkes tests and confirmed by inspection of histograms.
The SCR and expectancy rating data were non-normal for all phases of fear conditioning, as were the
CATS-R scores. We proceeded with nonparametric statistical analyses. Due to small sample size,
preliminary statistics are presented for aspects of conditioning which should show expected patterns, but
not main outcomes for which there may be too small of effect sizes to observe any meaningful patterns. P
values are presented in the results section and full statistical statements for all analyses are presented in

Supplementary Table 2.

Preliminary Analyses:

For Study 2, linear mixed effects regression models were not used due to small sample size. First, in order
to examine whether there was a difference in SCR and expectancy rating fear responses between the three
groups to the CS- stimuli, a Kruskal-Wallis rank sum test was used for each phase of conditioning. Next,
Friedman rank sum tests were conducted separately for each group on SCR and ratings with the factor of
CS type (CS+, CS-) across each phase or half phase to confirm adequate acquisition and extinction.
Finally, Kruskal-Wallis tests were performed to ensure that all groups displayed similar differential SCR

and ratings and in habituation and acquisition. Another Kruskal-Wallis test was performed on differential
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SCR and ratings in the last quarter of extinction to check that there were no differences between the
groups at the end of extinction, and that all participants successfully extinguished fear.

Outcome Analyses:

The means and standard deviations for SCR and expectancy ratings of each CS in each phase (first half,

etc.) were calculated for each group and are reported in the Supplementary information.

For the main hypotheses, we examined group differences at two outcomes, extinction of fear and
spontaneous recovery of fear. The first was operationalized as the differential SCR and ratings averaged
across the first half of extinction. A differential that was smaller on average would indicate more rapid
extinction. Next, after confirming that the differential SCR and ratings are typically small or near zero at
the end of extinction, return of fear response will be operationalized as the average differential during the
first 2 trials of spontaneous recovery. A large differential would be indicative of greater return of fear than

a small differential.

Additionally, the means and standard deviations calculated for the average differential SCR and ratings in
the first half of extinction and during the first two trials of spontaneous recovery were used to generate
effect sizes for differences between pairs of the groups (i.e., negative vs. control and neutral vs. control).
Hedges g was used as the effect size metric as it is more appropriate than Cohen’s d for small sample
sizes. Recommendations for effect size interpretation are: small (g = 0.2), medium (g = 0.5), and large (g

=0.8).



AFFECT LABELING IN FEAR EXTINCTION 17

Results
Timeline
Study 1 data collection occurred between Spring 2023 to Spring 2024. Study 2 data collection occurred

between Summer 2024 to Fall 2024.

Study 1 Results

Sample Characteristics

Of the 75 participants that consented to participate in the study, 9 failed to meet the inclusion criteria, 8
were withdrawn for not completing Day 2 procedures, and 4 participants’ data were excluded from
analyses for potential confounds (e.g., asked for shock level to be lowered on day 2). Thirteen additional
participants consented, met study inclusion criteria, and had usable data as a part of Study 2 that were
included in the final sample for Study 1 (n = 67). The demographic information and average CATS total

scores, and subtest scores are presented in Table 1.

Table 1. Demographic Information of Study 1 Participants

Overall
(N=6T)

Age

Mean (SDO) 220 (6.16)

Median [Min, Max] 19.0 [18.0, 49.0]
Sex

Female 39 (58.2%)

Male 28 (41.8%)
Race

Asian 30 (44.8%)

Black 5 (7.6%)

Multiracial T(10.4%)

Other 1(1.5%)

White 24 (35.8%)
Ethnicity

Hispanic or Latino 6 (9.0%)

Mot Hispanic or Latino 61 (91.0%)
CATS_score

Mean (SD) 943 (8.78)

Median [Min, Max] 96.0 [57.0, 112]
T5_score

Mean (3D) 3.79 (1.38)

Median [Min, Max] 4.00[1.00, 5.00]
T7_score

Mean (SD) 8.93 (1.79)

Median [Min, Max] 9.00 [3.00, 12.0]
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Preliminary Analyses

Linear mixed model analyses (n=68) showed no main effect of CS during habituation (p = 0.068),
suggesting that participants did not come into the study with any pre-existing differences in response to
the CS+ versus CS- stimulus. A significant main effect of CS during the second half of acquisition
demonstrating successful conditioning (p < 0.001). To note, there were twenty identified participants that
did not have a differential SCR by the second half of acquisition, and of those only one participant
additionally did not display a differential rating response by the second half of acquisition. There was no
effect of CS during the last half of extinction, indicating successful extinction (p = 0.144). There was a
main effect of CS during the first half of spontaneous recovery evidencing robust return of fear (p <
0.001). Additionally, there was a main effect of CS type specifically within the first two trials of

spontaneous recovery (p = 0.048). See Figure 1 for observations of these patterns.

Figure 1. Modeled SCR During all Phases of Conditioning and Extinction

Modeled SCR During Habituation Modeled SCR During Acquisition Modeled SCR During Extinction Modeled SCR During Recall
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The US expectancy followed this same pattern of model results. There was no main effect of CS during
habituation (p = 0.39). In the last half of acquisition, there was an observed main effect of CS type (p <
0.001). There was a main effect of CS during the last half of extinction (p < 0.001). There was a main
effect of CS observed during both the first half of spontaneous recovery (p < 0.001) and the first two trials
(p < 0.001). Of note, the US expectancy rating results followed the same pattern as the SCR results except
for extinction which resulted in a main effect of CS type during the last half and also during the last

quarter.
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Figure 2. Modeled Expectancy Ratings During all Phases of Conditioning and Extinction

Medeled Expectancy Ratings During Recall
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QOutcome Analyses

Over the course of trial 1-3, there was no significant interaction of CS type and CATS total score for SCR
(p=0.15), indicating that there was no observable relationship of CATS total score predicting differential
speed of extinction. During the first two trials of spontaneous recovery, CATS total score did not
significantly predict differential SCR because there was no CATS x CS interaction (p=0.33). For the
expectancy ratings, CATS total score did not significantly predict responses to the CS either during the

course of the first three trials of extinction (p=0.21), nor at the first two trials of recall (p=0.100). Figures

3 and 4 show graphs of these outcomes.
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Figure 3. Modeled Fear Responses During the Speed of Extinction
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Figure 4. Modeled Fear Responses at the Beginning of Spontaneous Recovery
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Additionally, the relationship of each of the CATS subtests 5 (name affect) and 7 (match affect) and the
fear conditioning outcomes were assessed. There were no significant interaction of CATS subtest 5*CS
type*trial for the first three trials of extinction for either SCR (p=0.09) or expectancy ratings (p=0.18).
However, scores on subtest 5 did have a significant interaction with CS type during the first two trials of
spontaneous recovery only for expectancy ratings (p=0.048), but not for SCR (p=0.10). The interaction
was such that higher scores on subtest 5 were associated with higher ratings to the CS+ relative to the CS-

. See Figure 5 for visualization.

Scored on the CATS subtest 7 did not significantly interact with CS and trial during the first three trials of
extinction for SCR (p=0.39) or for expectancy ratings (p=0.34). Further, there was no significant
interaction of subtest 7 and CS type during the first two trials of spontaneous recovery either for SCR

(p=0.51) or expectancy ratings (p=0.14).
Figure 5. Modeled Expectancy Ratings for CATS Subtest 5 Interaction in Spontaneous Recovery

Medeled Expectancy Ratings During Recall First Two Trials
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Study 2 Results

Sample Characteristics

Of the 44 participants that consented to participate in the study, 3 failed to meet the inclusion criteria and
4 were withdrawn for not completing Day 2 procedures (n = 37). The demographic information of the

total sample, broken down by group is presented in Table 2.

Table 2. Demographic Information of Study 2 Participants

Control Negative Neutral Overall
(N=13) (N=12) (N=12) (N=37)
Age
Mean (SD) 22.2 (5.16) 23.3(7.02) 25.8 (9.85) 23.7 (7.48)
Median [Min, Max] 19.0[18.0,33.0] 19.0[18.0,39.0] 22.5[18.0,50.0] 20.0[18.0, 50.0]
Sex
Female 10 (76.9%) 9 (75.0%) 7 (58.3%) 26 (70.3%)
Male 3(23.1%) 3(25.0%) 5 (41.7%) 11 (29.7%)
Race
Asian 6 (46.2%) 7 (58.3%) 5 (41.7%) 18 (48.6%)
Multiracial 1(7.7%) 1(8.3%) 1(8.3%) 3(8.1%)
Other 1(7.7%) 0 (0%) 2 (16.7%) 3(8.1%)
White 5 (38.5%) 4 (33.3%) 4 (33.3%) 13 (35.1%)
Ethnicity
Hispanic or Latino 1(7.7%) 0 (0%) 1(8.3%) 2 (5.4%)
Not Hispanic or Latino 12 (92.3%) 12 (100%) 11 (91.7%) 35 (94.6%)

Preliminary Analyses:

There were no significant differences in fear responses to the CS- between the three groups for SCR
during habituation (p=0.23), acquisition (p=0.57), extinction (p=0.37), or spontaneous recovery (p=0.46).
Likewise, there were also no differences in expectancy ratings to the CS- between the groups during
habituation (p=0.72), acquisition (p=0.81), extinction (p=0.09), or spontaneous recovery (p=0.91). This
was an important indicator that all three groups had similar responses to the safety stimuli, which was not
modified, in order to be confident in subsequent comparisons between the group responses for the CS+

and differential.
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Next, conditioning and extinction were assessed across all groups. For the Control group, as expected,
there was no significant effect of CS type during habituation (p = 0.052), although this is closer to the
0.05 level of significance than is typical. The differential pattern can be observed visually in Figure 6.
During the second half of acquisition, there was an observed significant effect of CS type, indicating
successful acquiring of fear (p = 0.01). By the last half of extinction, there was no significant effect of CS
type, meaning participants extinguished fear (p = 0.56). Expectancy ratings followed the same pattern for

habituation (p=0.71), second half of acquisition (p<0.001), and second half of extinction (p=0.16).

For the Neutral label group, there was no significant effect of SCR to CS type during habituation (p =
0.37), no significant difference during the second half of acquisition (p = 0.32), and there was a
significant difference during the last half of extinction (p = 0.03). It was surprising that the Neutral group
did not condition by the end of acquisition even prior to any manipulation, however, this may be due to
the small sample size. The Neutral group did, however, extinguish by the last quarter of extinction (p =
0.06). The expectancy ratings followed the same pattern for habituation (p= 1) and extinction (no p value,
see note in Table). Acquisition showed expected results of significant differences during the last half (p =

0.004).

For the Negative label group, as expected, SCR to CS type was not significantly different during
habituation (p = 0.25), significantly different during the second half of acquisition (p = 0.002), not
significantly different during the last half of extinction (p = 0.13). Expectancy ratings followed the same
pattern for habituation (p=0.16) and acquisition (p<0.001). The CS type was still significant in the second

half of extinction (p=0.045), however, it diminished by the last quarter of extinction (p=0.08).

Last, differential SCR in habituation and the end of acquisition was assessed across groups for similarity.
Differential SCR during habituation was not significantly different across groups (p = 0.12). Same for the

second half of acquisition (p = 0.07). To note, there were eleven identified participants that did not have a
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differential SCR by the second half of acquisition, and of those only one participant additionally did not
display a differential rating response by the second half of acquisition. Additionally, A Kruskal-Wallis
test was performed on Differential SCR at the end of extinction to check that there were no differences
between the groups at the end of extinction. In the last quarter of extinction, there were no significant
differences of group in Differential SCR (p= 0.08). The expectancy ratings followed the same pattern of

significance for habituation (p=0.59), acquisition (p=0.45), and extinction (p=0.19).

QOutcome Analyses:

The means and standard deviations of each CS+ and CS- in each phase for each of the three groups are

shown in Supplementary Table 3. The expectancy ratings are presented in Supplementary Table 4.

The average SCR and expectancy ratings to each CS in each half of each phase across all groups is shown
in Supplementary Figure 2. The average differential SCR and expectancy ratings in the first half of

extinction specifically are shown in Figure 7.

Figure 8 shows the SCR and expectancy ratings to the labeled CS plus and unlabeled CS plus for each of
the three groups in both the first and second halves of extinction (note: there are no labeled CS+ for the
control group, only unlabeled). Figures 9 and 10 show the differential SCR and differential expectancy
ratings, respectively, in the last two trials of extinction compared to the first two trials of spontaneous

recovery.
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Figure 6. Average Differential Response by Phase and Group
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Figure 8. Average Fear Response to CS+ in Extinction
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The effect size of differential response in the first two trials of spontaneous recovery between negative vs.
control groups was small to medium for SCR (Hedge’s g = 0.49, 95% CI[-0.28, 1.26]) and in the opposite
direction than expected, and negligible for expectancy ratings (Hedge’s g =-0.09, 95% CI[-0.85, 0.67])
but in the expected direction. The effect size of differential between neutral vs. control groups was small
for SCR (Hedge’s g = 0.29, 95% CI[-0.47, 1.05],) and small for expectancy ratings (Hedge’s g = 0.30,

95% CI[-0.46, 1.07]).

The effect size of differential response in the first half of extinction between negative vs. control groups
was small for SCR (Hedge’s g = 0.23, 95% CI[-0.53, 0.99]) and once again in the opposite direction than
expected, and small for expectancy ratings (Hedge’s g = -0.26, 95% CI[-1.02, 0.50]) in the expected
direction. The effect size of differential between neutral vs. control groups was negligible for SCR
(Hedge’s g =0.14, 95% CI[-0.62, 0.90]) and near zero for expectancy ratings (Hedge’s g = 0.02, 95%

CI[-0.74, 0.77]).
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Discussion

Study 1

This study examined 1) whether individual differences in affect labeling ability were related to
fear extinction outcomes and 2) if the presence of negative affect labels would improve extinction success
and decrease return of fear. It was hypothesized that scores on the Comprehensive Affect Testing System
would be associated with improved speed of extinction and diminished return of fear after twenty-four
hours.

The fear conditioning and extinction procedure in Study 1 was successful. Participants
demonstrated differential SCR by the end of acquisition and diminished that difference by the end of
extinction. Additionally, differences in return of fear response at spontaneous recovery were significant
and variable, which is in alignment with previous research demonstrating the individual variability in how
people respond to fear conditioning and extinction (Bush et al., 2007; Holmes & Singewald, 2013;
Shumake et al., 2014). This finding thereby lends support for the larger importance in conducting this
type of research — that individual differences in the return of fear exist and should be studied further to
identify factors that may predict return of fear.

In a sample of 68 participants, there were noticeable differences in the ability to identify and label
emotions, as exhibited by the overall raw scores on the CATS. Identifying that individual differences
exist for this ability and were able to be demonstrated using this task was an important outcome of the
study. The average score we observed in 67 participants was 75.2%, which aligns closely with the
average score of 78.3% determined from a study of 60 healthy participants in Schaffer et al. (2009). These
preliminary findings suggest that broader differences may likely exist within the wider population,
although this should be studied further. Given the paucity of research on the CATS, it is difficult to assess
whether our participant scores on the CATS are “normal” and representative of the broader population.
There was no ceiling effect observed, however, the range was 45.2% to 88.9%. Only a handful of

participants scored below 60%. As such, we may be missing individuals with very “poor” affect labeling
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ability. Future comparisons of a clinical group’s performance or recruitment of participants with
particularly low scores may be necessary in the future.

Regarding our primary hypotheses for Study 1, participants that were slower to extinguish fear in
early extinction and had higher return of fear at spontaneous recovery were not shown to also have poorer
performance on the affect labeling task. This result did not support our hypothesis which was based on
prior research demonstrating a decrease in skin conductance responses to labelled emotional stimuli
(Tabibnia et al., 2008) and as well as a decrease in skin conductance responses during exposure therapy
when choosing the emotion label that was felt (Kreiser et al., 2019). There are a few possibilities. The
first is that there is in no relationship between affect labeling and extinction outcomes (a true null result)
or our study did not provide a good test of the hypothesized association. Other studies examining the
relationship between psychological traits (e.g., intolerance of uncertainty, trait anxiety) and fear extinction
outcomes have typically used samples of 40-60 or more, so it is possible that our study was powered
sufficiently to detect individual differences if present. Alternatively, it could be that the effect size for
CATS predicting extinction learning success is smaller than that of other psychological traits,
necessitating a larger sample to detect. Another possibility is that there was not sufficient variability in the
sample for affect labeling or fear extinction success to test the hypothesis. It is also possible that affect
labeling is an inhibitory emotion regulation strategy that simply does not overlap with the processes of
regulating emotions during fear extinction, and therefore does not predict how successful extinction will
be in individuals (Craske et al., 2022).

Additionally, only CATS subtest 5 (name affect), and not Subtest 7 (match affect), was a
significant predictor of SCR during the first two trials of spontaneous recovery. The direction of this
relationship was such that higher score on the naming affect subtest predicted higher response to the CS+
stimuli, which is the opposite of what was hypothesized. However, | am reluctant to interpret this since
we have conducted many statistical tests, thereby increasing our chances of acquiring an error. This leads
into the first inherent limitation of “affect labeling” research more broadly. There is a lack of consistency

in terminology used, as well as determining the exact construct that the CATS is measuring when it



AFFECT LABELING IN FEAR EXTINCTION 30

comes to labeling emotions. Due to the relationship and overlap of concepts and terms, such as emotion
regulation, emotional intelligence, emotion granularity, affect discrimination, and affect labeling, there is
additional research needed to characterize the functional relationship of these concepts. A next step for
this study is to analyze our results in comparison with the questionnaires that were collected which
assessed emotional intelligence, emotion regulation, and alexithymia.

Further, an additional limitation comes with the use of the CATS as an overall measure of affect
labeling ability, when there may in fact be differences in the modality of affect “labeling” (i.e., affect
matching, affect labeling, matching, discrimination). Previous neuroimaging research has demonstrated
some potential differences between the action of labeling versus matching (Lieberman et al., 2007; Torrisi
et al., 2013). Our secondary comparisons between the applicable CATS subtests 5 (name affect) and 7
(match affect) attempted to shed light on this, but further research is needed to more confidently
disentangle the relationship between modalities of affect labeling. In the Schaffer et al. (2019) study, the
researchers also observed differences in “simple” versus “complex” facial affect recognition which
included these two subtests and a few others. This would support the hypothesis that different modalities
of affect labeling have varying effects (Torrisi et al., 2013). Additionally, the CATS assesses affect
labeling of others. We believe this is related to ability to label one’s own affect but there may be other
factors that influence labeling one’s own affect as well. A future direction aimed to parse this apart would
be to collect a large enough sample to compare extinction outcomes with responses to the Affect Labeling

Questionnaire, which gets at more internal labeling.

Study 2

Given that study 2 was a pilot study, it was hypothesized that we would observe preliminary
trends in the data of the negative-label group showing lower overall return of fear following extinction
compared to the neutral-label and control group. Study 2 was a somewhat successful implementation of
an extinction-enhancement research design, despite only preliminary trends available for analysis due to

small sample size. First, all three groups showed expected patterns of conditioning and extinction. Only
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the neutral group showed slight variability in the pattern — SCR was not significantly different by the last
half of acquisition, however the expectancy ratings did show a differential acquired. Further, the neutral
group also did not extinguish the differential until the last quarter of extinction, compared to the last half
which is not surprising given that they may have had some variability in conditioning to begin with.

In support of a check on our experimental design, we observed no significant differences in either
SCR or expectancy ratings to the CS- during extinction between the groups. A concern was potential
disruption of the natural safety learning of extinction with a label on the CS- driven by a change in
extinction procedures from acquisition. The considerations of labeling the CS- made us decide to label
only the CS+ in the modified-negative extinction group. Given that there were no significant differences
in responses to the CS- between groups in extinction, we consider this in preliminary support of the
current design which will then enable confident analyses in differences in responses to the CS+ across
groups in future full samples. This is based on small group sizes in the present analysis and a future step
is to compute Bayes Factors or equivalence testing within the larger sample.

An additional check on design outcomes was the differential responses between groups during
habituation and acquisition prior to any manipulation in extinction. We found no significant differences
across the three groups in either habituation or acquisition for SCR or expectancy ratings, indicating that
there were likely no group differences prior to the manipulation. This was slightly at odds with the
finding that the Neutral group did not acquire SCR differential by the second half of acquisition. But as
we observed, the expectancy ratings showed acquired fear, thereby supporting this group-wide finding of
no significant differences. Furthermore, we also confirmed that the differential responses by the last
quarter of extinction were not significantly different across groups. Both SCR and expectancy ratings
confirmed that all three groups were able to successfully extinguish fear by the end of extinction indicated
by near-zero differential responses.

In initial observation of general patterns in the data concerning differences in extinction and
return of fear across the three groups, we calculated means and standard deviations. Visually, it appears

that the Neutral group had lower overall SCR responses compared to the Negative and Control groups
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when contrasting the overall CS+ and CS- responses. The expectancy ratings appear similar across
groups. When observing the CS+ labeled alongside the CS+ unlabeled and CS- stimuli, there are some
minor differences emerging with the labeled CS+ stimuli in the Negative and Neutral groups being higher
than the CS+ (always unlabeled) in the Control group throughout extinction for SCR, but not expectancy
ratings.

To examine how the speed of extinction might be impacted by the manipulation, we looked at
patterns of the differential SCR and expectancy ratings (CS+ - CS-) during the first half of extinction. The
SCR differential shows more variability in the Negative and Neutral groups compared to the Control
group. Both the Negative and Neutral groups show positive but small differentials into the first half of
extinction compared to the Control group, which has already almost diminished its differential SCR. It is
important to note that skin conductance responses are somewhat more variable, especially in a small
sample, which is another important reason to observe the self-reported expectancy ratings alongside these
results.

In fact, the patterns of the differential expectancy ratings in the first half of extinction are in the
direction of expected results. The average differential in the negative group is lower than both the control
and neutral groups, indicating the negative group participants might be quicker to extinguish their
subjective fear in response to the presence of a negative emotion word label. Further, the average
differential responses of the neutral group and the control group are relatively similar, which is also in
line with the original expectation that there would be no difference of response due to the presence of a
non-emotional label in extinction, and that it would only be due to a negative word that reductions in fear
would be observed.

Comparing the differential SCR during the last two trials of extinction to the first two trials of
spontaneous recovery shows some apparent differences in the return of fear across groups. At the end of
extinction, all groups look very similar with low SCR differential responses. However, the Negative
group shows an increased differential SCR during recall compared to either group. The neutral group also

has comparably elevated return of fear relative to the control group. It might be indicative of a more
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general impact of a modification to extinction, which may be having an impact on return of fear. This
finding is present despite labeling the CS+ only 50% of the time in extinction, so that participants would
not see unlabeled CS+ only in acquisition and recall, thereby skipping over extinction.

Moreover, the control group actually has negative differential responses in the first two trials of
spontaneous recovery. Making comparisons to the SCR in this control group difficult because we should
be seeing return of fear occurring. With a larger sample size, separate ANOVAS or non-parametric
equivalents would be used to compare differences in groups between extinction and the beginning of
recall. Overall, this pattern of findings is inconsistent with our hypothesis that the Negative group would
show the lowest return of fear relative to the Control and Neutral groups.

The expectancy ratings, again, are in the direction of expected patterns across the groups. The
negative group has the lowest return of fear compared to the control and neutral groups. Importantly, the
control group is showing a differential return of hear, but the neutral group curiously has the highest and
most upwardly variable return of fear. This was key to observe in support of our hypotheses that a
negative word modification to extinction would both improve immediate fear extinction and reduce future
return of fear. However, the neutral group finding does bring up the potential for alternative hypotheses to
the original hypothesis that the neutral group would have similar responses to the control group. One such
alternative hypothesis is that the addition of neutral labels might be considered an intervention in itself,
similar to cognitive reappraisal, and would thereby potentially result in the neutral group having altered
responding compared to the control group. Future research with larger samples to flesh out any potential
impacts on the neutral group is prudent.

Given that there were relatively small, or small to medium, effect sizes between the groups, this
lends support to the idea that a much larger sample size is needed to observe any effects if present. This is
also not to mention that the effect size for SCR was in the opposite direction of expected. This is a good
example of prior evidence of discrepancies between physiological and self-reported fear outcomes
(Kircanski et al., 2012; Kreiser et al., 2019; and Niles et al., 2015). Future analyses might also consider

using Bayesian statistics which would be more well-suited for smaller samples.
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Limitations specific to Study 2 are mainly related to small sample size. We were only able to
preliminarily observe trends and not quantify statistical differences between groups based on the
intervention. Additionally, given the small sample size, individual differences are more likely to impact a
group like the Neutral group for example that looks to have lower overall mean SCR to both stimuli
during acquisition. Although the SCR was square-root transformed, there are additional procedures to
alleviate some differences if present, like range-correcting for responses to the unconditioned stimulus.
Another limitation stems from differences to extinction. For future analyses, we are considering a scoring
window that only captures 3-8 seconds of stimuli presentation and disregards the first 3 seconds when the
stimuli were unlabeled. We might also choose to discard the first labeled CS+ as an orienting stimulus
that may cause higher responses in the beginning of extinction. Confirmatory analyses should also
consider comparing results with all CS+ stimuli (both labeled and unlabeled together) with results of just
the unlabeled CS+ for any differences. Lastly, the full sample collected was used for analysis. For future
analyses, a consideration is to exclude participants that are non-responsive to the aversive stimulus during
the shock setting procedure. An immediate next step for this sample is to re-run the main analyses while
excluding for participants that do not show a conditioned fear to the CS+ by the end of acquisition. Some
research maintains that if participants do not acquire a conditioned fear, that they may also not exhibit
typical patterns of extinction and return of fear. However, consistent with the view of others in the field
(Lonsdorf et al., 2017), 1 do think there is some merit to capturing the entire spectrum of individual
differences regarding the process of fear conditioning. Future studies should also utilize other assessment
methods in addition to SCR, like pupillometry and self-reported fear, for example.

One potential limitation that may impact the results is the words used for the labels. These were
identified by the experimenter prior to the start of the study and may not have necessarily been
representative of the subjective experience of each individual participant. For example, one participant
may not necessarily find the CS+ “distressing,” but rather more along the lines of bothersome. We did
include a post-participation questionnaire assessing how relevant the words felt to each participant during

the experiment. A future direction is to analyze whether these survey attitudes related to fear responses
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during extinction in the labeled groups. Additionally, these words were externally applicable to the
stimulus and not “self” descriptive words (i.e., scary vs. scared). Although prior affect labeling research
has suggested that this is a reflexive ability (Salovey & Mayer, 1990), there may in fact be differences in
labeling one’s own emotions while undergoing fear extinction not explicitly captured by this external
descriptive label. A future iteration of this study should use self-descriptive words or even cue the
participant to generate their own descriptive word to compare results.

Although we did not observe the expected relationship between affect labeling ability and fear
extinction success or have yet to determine the statistical relationship of the presence of negative emotion
word labels on extinction success, this project was novel and important for advancing the field. There
may or may not be a relationship of affect labeling to extinction and/or return of fear, but regardless the
ultimate goal of this research remains to improve exposure therapy for anxiety and other fear-related
disorders. If established that physiological responses to conditioned negative stimuli can be diminished
through implementation of an emotion label, the goal would then be to implement an affect labeling
intervention during extinction. However, if there is no observable impact on extinction success in the lab,
then more research is needed into affect labeling as a skill, enhancements to extinction, and translatability

to clinical populations.
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Supplementary Materials

Supplementary Table 1. Study 1 Statistical Statements

36

Preliminary Analyses

Skin Conductance Responses
(SCR)

US Expectancy Ratings

CS type during Habituation

B =-0.12, twald(264) =-1.83, p =
0.068, 95% ClI [-0.25, 0.01]

B =-1.54e-9, twald(258) = -0.86, p
=0.392, 95% CI [0.00, 0.00]

CS type during second half Acquisition

B =0.32, twald(666) = 6.38, p <
0.001, 95% CI [0.22, 0.42]

B =2.12, twald(658) = 8.94e+8, p <
0.001, 95% ClI [2.12, 2.12]

CS type during second half Extinction

B =0.05, twald(1336) = 1.46, p =
0.144, 95% CI [-0.02, 0.12]

B =4.99e-11, twald(1316) = 5.29,
p < 0.001, 95% Cl [0.00, 0.00]

CS type during last quarter Extinction

N/A

B =2.93e-14, twald(658) = 1.97, p
= 0.050, 95% CI [0.00, 0.00]

CS type during first half Spontaneous
Recovery

B =0.18, twald(800) = 4.46, p <
0.001, 95% CI [0.10, 0.26]

B =0.96, twald(2790) = 12.79, p <
0.001, 95% C1 [0.81, 1.11]

CS type during first two trials
Spontaneous Recovery

B =0.14, twald(264) = 1.99, p =
0.048, 95% Cl [0.00, 0.28]

B =0.88, twald(262) =5.81, p <
0.001, 95% ClI [0.58, 1.18]

Outcome Analyses

CATS Total Score*CS*trial during first
three trials Extinction

B =-0.08, twald(393)=-1.44,
p=0.151, CI[-0.19, 0.03]

B =-0.11, twald(393)=-1.26,
p=0.207, CI[-0.28, 0.06]

CATS Total Score*CS during first two
trials Spontaneous Recovery

B =0.07, twald(262)=0.97,
p=0.333, CI[-0.07, 0.20]

B =0.18, twald(261)= 1.65,
p=0.100, CI[-0.03, 0.39]

CATS Subest 5 Score*CS*trial during
first three trials Extinction

B =-0.10, twald(393)= -1.70,
p=0.090, CI[-0.21, 0.02]

B =-0.11, twald(393)= -1.35,
p=0.179, CI[-0.28, 0.05]

CATS Subtest 5 Score*CS during first
two trials Spontaneous Recovery

B =0.11, twald(262)=1.65,
p=0.100, CI[-0.02,0.25]

B =0.21, twald(261)=1.98,
p=0.048, CI[0.00,0.42]

CATS Subest 7 Score*CS*trial during
first three trials Extinction

B =-0.05, twald(393)=-0.86,
p=0.388, CI[-0.16,0.06]

B =-0.08, twald(393)=-0.96,
p=0.338, CI[-0.25,0.09]

CATS Subtest 7 Score*CS during first
two trials Spontaneous Recovery

B =0.05, twald(262)=0.65,
p=0.513, CI[-0.09,0.18]

B =0.16, twald(261)=1.48,
p=0.141, CI[-0.05,0.37]
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Supplementary Table 2. Study 2 Statistical Statements

37

Preliminary Analyses

Skin Conductance Responses
(SCR)

US Expectancy Ratings

CS- during Habituation between
groups

Kruskal-Wallis Chi-squared =
2.98,df=2, p=0.225

Kruskal-Wallis Chi-squared =
0.66401, df =2, p =0.7175

CS- during Acquisition between groups

Kruskal-Wallis Chi-squared =
1.1241,df=2,p=0.57

Kruskal-Wallis Chi-squared =
0.42812, df =2, p =0.8073

CS- during Extinction between groups

Kruskal-Wallis Chi-squared =
1.9652, df =2, p=0.3743

Kruskal-Wallis Chi-squared =
4.8884, df =2, p = 0.0868

CS- during Spontaneous Recovery
between groups

Kruskal-Wallis Chi-squared =
1.5533, df =2, p = 0.4599

Kruskal-Wallis Chi-squared =
0.1867, df =2, p =0.9109

Control Group: CS type during
Habituation

Friedman Chi-squared = 3.7692,
df =1, p=0.0522

Friedman Chi-squared = 0.14286,
df =1, p =0.7055

Control Group: CS type during second
half Acquistion

Friedman Chi-squared = 7.3636,
df =1, p =0.0067

Friedman Chi-squared = 13, df =1,
p <0.001

Control Group: CS type during second
half Extinction

Friedman Chi-squared = 0.3333,
df=1, p=0.5637

Friedman Chi-squared =2, df =1,
p =0.1573

Neutral Label Group: CS type during
Habituation

Friedman Chi-squared = 0.8182,
df=1, p=0.3657

Friedman Chi-squared =0, df =1,
p=1

Neutral Label Group: CS type during
second half Acquistion

Friedman Chi-squared =1, df =1,
p=0.3173

Friedman Chi-squared = 8.3333, df
=1, p=0.0039

Neutral Label Group: CS type during Friedman Chi-squared = 4.4545, N/A*
second half Extinction df =1, p=0.03481
Neutral Label Group: CS type during Friedman Chi-squared = 3.6, df = N/A

last quarter Extinction

1, p=0.05778

Negative Label Group: CS type during
Habituation

Friedman Chi-squared = 1.3333,
df=1, p=0.2482

Friedman Chi-squared =2, df =1,
p =0.1573

Negative Label Group: CS type during
second half Acquistion

Friedman Chi-squared = 10, df =
1, p=0.0016

Friedman Chi-squared =12, df =1,
p <0.001

Negative Label Group: CS type during
second half Extinction

Friedman Chi-squared = 2.2727,
df=1,p=0.1317

Friedman Chi-squared =4, df =1,
p = 0.0455

Negative Label Group: CS type during
last quarter Extinction

NA

Friedman Chi-squared =3, df =1,
p = 0.08326

Differential during Habituation
between groups

Kruskal-Wallis Chi-squared =
4.2395, df =2, p=0.1201

Kruskal-Wallis Chi-squared =
1.0484, df =2, p =0.592

Differential during second half
Acquisition between groups

Kruskal-Wallis Chi-squared =
5.2821, df =2, p =0.07129

Kruskal-Wallis Chi-squared =
1.6025, df =2, p = 0.4488

Differential during last quarter
Extinction between groups

Kruskal-Wallis Chi-squared =
5.0482, df =2, p = 0.08013

Kruskal-Wallis Chi-squared =
3.3463, df = 2, p-value = 0.1877

*Note, this value could not be computed because all rating values were 1, therefore a CS difference of exactly 0
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Supplementary Table 3. Means and standard deviations of SCR to CS type in each phase by each group

1A. Habituation
group CSplus.mean CSplus.sd CSminus.mean CSminus.sd
Control 0.6759683 0.5577146 0.8627174 0.4988301

MNegative  0.8544809  0.6016317 0.8616479 0.64962301
Neutral ~ 0.6885218 0.6235639 0.5632085 0.5001728

1B. Acquisition

group  CSplus.firsthalf.mean CSplus.firsthalf.sd CSminus.firsthalf.mean CSminus.firsthalf.sd CSplus.second.half.mean CSplus.second.half.sd CSminus.second.half.mean CSminus.second.half.sd

Control 0.4983510 0.4948897 0.3820619 0.4477001 0.4494848 0.4739515 0.2687390 0.3552301
Negative 0.6828145 0.5462129 0.4291472 0.5161799 0.4537991 0.4952364 0.2463735 0.3963201
Meutral 0.3091691 03880125 02789821 04202388 03187018 04660972 02028398 03505023

1C. Extinction

group  CSplusfirsthalf.mean CSplus.firsthalf.sd CSminus.firsthalf.mean CSminus.firsthalf.sd CSplus.second.half.mean CSplus.second.half.sd CSminus.second.halff.mean CSminus.second.half.sd

Control 0.3526193 0.5061509 0.2899424 0.4247529 0.2217644 0.3281604 0.2305962 020570482
Negative 04250830 04997128 02378531 04158075 02993482 05063196 02065736 04089727
Meutral 0.3378605 0.5125364 0.1954721 0.3423213 0.2736696 0.3840715 0.1531941 0.3104089

1D. Spontaneous Recovery

group  CSplusfirsttwo.mean CSplus.firsttwo.sd CSminusfirsttwo.mean CSminus.first.two.sd

Control 0.5337903 0.6110700 0.6555097 0.7081125
MNegative 0.8005837 0.6538908 0.6034778 08360424
Neutral 0.4566819 0.5354599 0.4109244 0.5681238

Supplementary Table 4. Means and standard deviations of expectancy ratings to CS type in each phase in
each group

2A. Habituation

group CSplus.mean CSplus.sd CSminus.mean CSminus.sd
Control 1.284615 0.5710082 1.520000 07141428
MNegative 1.695652  0.6349504 1.625000 0.7109394
MNeutral 1583333 07172815 1.565217 0.6623709

2B. Acquisition

group  CSplusfirsthalf.mean CSplus.firsthalf.sd CSminus.first.half. mean CSminus.firsthalf.sd CSplus.second.half. mean CSplus.second.half.sd CSminus.second.half.mean CSminus.second.half.sd

Control 1.723077 0.8928132 1.384615 07844545 2.676923 0.6639769 1.061538 0.2998397
Negative 1916667 08692811 1.333333 06806444 2533333 07471225 1.033333 02581989
Neutral 1.916667 0.9259291 1.150000 0.4300947 2583333 07431419 1.216667 0.6131792

2C. Extinction

group  CSplus.firsthalf.mean CSplus.firsthalf.sd CSminus.firsthalf.mean CSminus.firsthalf.sd CSplus.second.halfmean CSplus.second.half.sd CSminus.second.half.mean CSminus.second.half.sd

Control 1.638462 0.8445341 1.030769 0.1733599 1.107692 0.3985663 1.000000 0.0000000
Negative 1.583333 0.8156385 1.200000 0.4953566 1.300000 0.7053219 1.033613 0.2581805
Meutral 1.675000 0.8417918 1.050420 0.2866741 1.000000 0.0000000 1.000000 0.0000000

2D. Spontaneous Recovery

group CSplus.firsttwo.mean CSplus.firsttwo.sd CSminus.firsttwo.mean CSminus.first.two.sd
Control 1769231 0.7103629 1.192308 0.4019185
Negative 1.666667 0.8164966 1.166667 0.4815434
Meutral 2083333 0.8297022 1.208333 0.5089774
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Supplementary Figure 1. Overview of Study 1 procedures, including the fear conditioning paradigm and
the affect labeling task.

Habituation Acquisition Extinction Extinction CATS
Recall

> ~30sec —> 24hrs
x12 Do the faces represent the
same or a different emotion?
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US type: shock co-terminating with CS+ 1st Trial counter-balanced (CS+ or CS-)
Reinforcement rate: 70% across participants
US duration: equipment dependent (200msec)

Other Relevant Parameters (consistent across phases)
CS duration: 8s
Inter-Trial Interval duration: 10 +/- 2s
CS order: pseudorandomized (no more than 3 in a row)
CS type: counter-balanced across participants
Outcomes: SCR and Shock Expectancy Ratings (1 = no, 2 = unsure, 3 = yes)

Supplementary Figure 2. Average fear response to CS type by phase and group
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