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A B S T R A C T

Transdiagnostic behavioral interventions often fail to generalize learning beyond the therapy setting, limiting 
their effectiveness in daily life. This two-experiment study investigated whether pairing novel auditory stimuli 
with reductions in emotional arousal can help generalize habituation learning and facilitate emotion regulation 
across contexts and over time. In Experiment 1, participants who had habituation reminders (HRs; novel auditory 
stimuli) paired repeatedly with a laboratory exposure task showed reduced self-reported distress during a 
different stressor task one week later. No differences were found when examining markers of physiological 
arousal. Experiment 2 tested the generalization of HR training to naturalistic settings using mobile phones. 
Participants receiving HRs during distressing moments in daily life reported more significant reductions in 
subjective distress compared to controls. Taken together, these results suggest that HRs – novel auditory stimuli 
associated with repeated reductions in emotional arousal – can facilitate the regulation of subjective distress 
across time and contexts. Clinical implications involve using HRs to enhance emotion regulation interventions by 
integrating therapy with real-world applications. Future research should explore HR effectiveness across diverse 
emotional triggers. Overall, HRs represent a promising method for enhancing the durability and generalization of 
emotion regulation interventions.

1. Introduction

For people with psychiatric disorders, negative emotions are 
frequent, intense, and can underlie serious impairments in social and 
occupational functioning. An impressive array of adult psychiatric dis
orders features difficulties with regulating negative emotions (Aldao 
et al., 2010; Kring & Sloan, 2009; Werner & Gross, 2010) including 
mood (Joormann & Siemer, 2014), anxiety Amstadter, 2008; Camp
bell-Sills et al., 2014) and personality disorders (Linehan, 1993a; Hepp 
et al., 2020; Rosenthal et al., 2008). Beyond these diagnoses, problems 
managing emotional experiences contribute to a wide range of mal
adaptive behaviors (Hayes et al., 1996), such as suicidal ideation and 
attempts (Neacsiu et al., 2018; Slee et al., 2008; Hasking et al., 2008; 
Rajappa et al., 2012), aggression (Donahue et al., 2014) and substance 
use (Kober & Bolling, 2014; Tull et al., 2015). Due to this growing body 
of evidence, researchers consider emotion regulation a transdiagnostic 

construct central to the maintenance of psychopathology and an 
important target of treatment for improving a wide range of psychiatric 
problems (Neacsiu et al., 2013; Sloan et al., 2017). Therefore, behavioral 
interventions that help people manage their negative emotions may 
efficiently and effectively treat classes of mental health problems, rather 
than targeting a specific disorder per se.

Despite advancements in behavioral interventions designed to 
reduce problems with negative emotions in various adult psychiatric 
disorders, much room remains for improvement. Even treatments with 
strong empirical support for emotional problems leave a significant 
number of patients with persistent distress and alarming rates of relapse 
after treatment (for a review, see Roth & Fonagy, 2005). For example, a 
meta-analysis found that approximately 35 % of adults who received 
cognitive behavioral therapies for PTSD had significant residual symp
toms after treatment (Bradley et al., 2005). More generally, the most 
distressed patients, such as those with chronic or complex disorders, are 

* Department of Psychiatry and Behavioral Sciences, Duke University Medical Center (3026), 2213 Elba Street, Durham, NC, 27710, USA.
E-mail address: kibby@kulamind.com (K. McMahon). 

Contents lists available at ScienceDirect

Behaviour Research and Therapy

journal homepage: www.elsevier.com/locate/brat

https://doi.org/10.1016/j.brat.2025.104924
Received 30 July 2025; Received in revised form 11 November 2025; Accepted 17 November 2025  

Behaviour Research and Therapy 196 (2026) 104924 

Available online 21 November 2025 
0005-7967/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

mailto:kibby@kulamind.com
www.sciencedirect.com/science/journal/00057967
https://www.elsevier.com/locate/brat
https://doi.org/10.1016/j.brat.2025.104924
https://doi.org/10.1016/j.brat.2025.104924
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


the least likely to benefit from the best empirically-supported treatments 
(Kopta et al., 1994; Roth & Fonagy, 2005; Shea et al., 1992). There are 
many reasonable directions to take in the advancement of behavioral 
therapies for problems with emotion regulation, but a promising step is 
to address how improvements occurring in the treatment setting often 
fail to create lasting changes in patients’ lives outside this setting.

Poor generalization of learning has long been a primary weakness of 
many behavioral interventions (Huff, 1964). Studies indicate that 
30–50 % of adults show clinically meaningful symptom reduction dur
ing therapy yet relapse or fail to apply skills when confronting natu
ralistic stressors after the initial treatment (Bradley et al., 2005; Milad 
et al., 2009; Roth & Fonagy, 2005). In almost all behavioral therapies, 
patients typically learn new behaviors (e.g., different emotional re
sponses) inside a clinic setting and are then expected to transfer these 
newly learned behaviors in their home environments outside the clinic 
(Lynch et al., 2006; Magaret, 1950). However, there is a significant 
problem underlying this conventional approach: it is extremely difficult 
to generalize newly learned adaptive responses from one context to 
another (Stokes & Osnes, 2016). For example, Mystkowski and col
leagues (2006) found that spider-phobic adults showed a marked return 
of fear when tested in a different room one week after successful expo
sure sessions. In this study, the participants’ fear responses reduced in 
the treatment context through exposure therapy, but their fear responses 
came back when they were exposed to spider in a different context than 
where treatment took place. Renewal effects (e.g. fear responses trig
gered) are a primary threat to the generalization of extinction and 
habituation (Bouton, 2007; Bouton & Brooks, 1993; Bouton et al., 
2011), which is highly context-dependent (Tobeña et al., 1993). This 
process contrasts with the acquisition of learned threat, which is more 
likely to generalize across naturalistic settings (Bouton et al., 2021). In 
addition, learning based therapies such as those used in cognitive 
behavioral approaches, do not commonly include procedures for 
real-time generalization and people find it especially difficult to use 
regulation skills during stressful situations in daily life (Malesza, 2019; 
Muraven & Baumeister, 2000). As result, patients may not always 
translate their improvements from the safety of the therapy office to the 
real world (Gruber, 1971; Lilienfeld et al., 2014). Additionally, psychi
atric patients often have neurobiological impairments in extinction 
processes (Milad et al., 2009), which suggests they find it especially 
challenging to “unlearn” the conditioned emotional responses underly
ing impairment. Although it’s not always clear how much learning oc
curs within cognitive behavioral therapies or emotion-focused 
behavioral interventions, the success of such interventions depends, in 
part, on how well any newly learned behaviors are applied to novel 
everyday situations. To address this important mechanism of treatment, 
we need to augment behavioral interventions with tools to facilitate the 
generalization of patients’ therapeutic learning processes. The present 
study therefore investigates an approach to improving generalization of 
learned emotion regulation processes.

One solution for promoting generalization of adaptive emotional 
responses is to implicitly associate the learning of these new responses 
with cues that transfer across contexts (Gruber, 1971). One approach to 
this solution is using classical conditioning to pair novel, sensory stimuli 
with learning new behaviors and then presenting these stimuli in 
different contexts outside of where the learning initially occurred 
(Gruber, 1971; Stokes & Osnes, 2016) Bouton and other basic scientists 
have suggested that such a model may help generalize adaptive re
sponses (e.g., reductions in distress) to new contexts, which would 
diminish the renewal effects in naturalistic settings (Bouton, 1994; 
Bouton & Brooks, 1993; Collins & Brandon, 2002). Previous studies 
suggest this is a promising approach in clinical populations. For 
example, one study showed that spider-phobic individuals had less 
renewal effects of fear responses when they mentally reinstated their 
exposure therapy context (Mystkowski et al., 2006). Another study 
tested whether associating the extinction of the urge to drink with a 
specific, brightly colored pencil could reduce renewal effects across 

contexts (Collins & Brandon, 2002). The findings from this study sug
gested that when social drinkers reduced their urge to drink through 
repeated exposure to alcohol-cues (e.g., smell of beer), their renewal 
effects to the same alcohol cues in a different room were attenuated 
when they used the same pencil across contexts. Thus, these studies 
provide preliminary evidence that using cues paired with the learned 
emotional responses can help generalize learning. However, these 
studies only tested this conditioning approach with very specific pop
ulations, symptoms, and triggers of maladaptive responses.

To our knowledge, no studies have yet tested this approach trans
diagnostically across problems with emotion regulation. To enhance 
generalization of learned emotion regulation across diagnoses, we have 
proposed a model of pairing novel sounds with habituation, reductions 
in emotional arousal with repeated exposure to stressors in a treatment 
setting and then delivering those sounds in different environments using 
mobile technology (Rosenthal & Kutlu, 2014). This process creates 
habituation reminders (HRs), brief auditory cues that are deliberately 
conditioned to the moment someone’s distress has significantly reduced 
during exposure. In learning-theory terms, the novel sound serves as a 
conditioned stimulus (CS) that is explicitly paired with the natural re
ductions in the unconditioned response (i.e. distress) through habitua
tion. Once paired with that reduced-arousal state, the sound acts as a CS 
that can later help to retrieve adaptive (i.e., less aroused) responses in 
new stressful contexts (Collins & Brandon, 2002). Based on principles of 
classical conditioning and learning models, this intervention approach 
offers a new way to help bridge the gap between learning how to manage 
intense, negative emotions in a clinic or therapy office and being able to 
manage these emotions similarly at home.

1.1. Current study

The present study aimed to test if classically conditioned HRs can be 
used to generalize reductions in emotional arousal in new contexts 
outside the learning environment in both experimental and naturalistic 
settings. This study involved two experiments that were conducted in
side (Experiment 1) and outside (Experiment 2) a laboratory setting. 
Specifically, we examined if: (1) HRs paired with reductions in 
emotional arousal and re-presented one week later with a new stressor 
could facilitate emotion regulation in the lab; and (2) HRs delivered by 
mobile phones could be used to generalize learning in real-world con
texts. In Experiment 1, we hypothesized that training in HRs and sub
sequently hearing the HRs with a new stressor would lead to 
significantly less reactivity and improved recovery from negative emo
tions compared to never training with or hearing the HRs. We also ex
pected that using HRs would lead to better regulation in response to a 
new stressor when compared to having an HR trained but not hearing it 
in a new stressor. We also explored whether the effects of the HRs on 
regulation depended on its association with habituation or if they can be 
attributed to just hearing that sound during a stressor. Finally, we 
explored the differences between using HRs in the same laboratory 
context where the initial habituation learning versus using it in a 
different laboratory context. In Experiment 2, we hypothesized that HRs 
delivered over the phone during acute states of psychological distress in 
daily life would reduce distress more than a comparison “sham” sound 
(H5). Although “emotion regulation” encompasses an array of processes 
involved in the onset, experience, management, and expression of 
emotions, this study investigates the impact of HRs specifically on 
emotional arousal/reactivity and reduction/recovery as they are 
important transdiagnostic outcomes across many behavioral 
interventions.

2. Method

2.1. Participants

Participants were recruited from the community through flyers, 
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online and print advertisements, direct referrals from healthcare pro
viders, and several Institutional Review Board (IRB)-approved partici
pant registries. Intent-to-treat (ITT) participants were 208 
transdiagnostic men and women between the ages of 18 and 55 (M =
30.39; SD = 10.42) who reported high emotion dysregulation [i.e., a 
total score on the Difficulties in Emotion Regulation scale (DERS) (Gratz 
& Roemer, 2004) above 90]. This threshold was used for inclusion 
criteria as it represented, at the time of the study, one standard deviation 
above the mean of this score across published studies using this measure 
with community samples of adults.

The sample size was chosen based on a power analysis based on a 
similar study conducted by Collins and Brandon (2002), who used a 
comparable learning reminder procedure. The effect size (f) was 0.25, 
indicating a medium effect comparing urges to use alcohol between 
individuals who did and did not receive a reminder of extinction 
training. The sample size estimate to achieve adequate power (1 – β 
error probability >0.85) when comparing HR groups to no HR groups 
using this effect size and an alpha of 0.05 was 208. All procedures fol
lowed the ethical standards of the responsible conduct of human 
experimentation (institutional and national). Informed consent was 
obtained from all participants using protocols approved by the Duke 
University Medical Center. This study has been registered with clinicalt 
rials.gov under ID NCT01653548.

Participants in this sample were primarily female (n = 169, 81.3 %), 
single (n = 136, 65.4 %), Caucasian (n = 156, 75 %), non-Hispanic (n =
189, 90.9 %), having at least a college degree (61.5, and meeting criteria 
for multiple Axis I and Axis II DSM-IV disorders. Participants met criteria 
for a range of psychiatric disorders, including major depression (n =
142, 68.3 % lifetime, 22.1 % current), generalized anxiety disorder (n =
84, 40.4 % lifetime), posttraumatic stress disorder (n = 35, 16.8 % 
lifetime, 13 % current), and social phobia (n = 37, 17.8 % lifetime, 14.4 
% current). Participants also met criteria most commonly for avoidant 
(n = 22; 10.6 %), obsessive-compulsive (n = 27; 13 %), and borderline 
(n = 23, 11.1 %) personality disorders. Detailed demographic infor
mation is provided in Table 1. A CONSORT diagram is included in Fig. 1, 
and detailed clinical information is provided in Table 2.

2.2. Inclusion/exclusion criteria

Participants were included in the study if they: (1) were currently 
receiving outpatient behavioral health services; (2) if they had a nega
tive urine test for illicit substances at their in-person screening assess
ment; (3) if they were not manic, psychotic, actively suicidal, or 
homeless; (4) if they did not meet criteria for a current substance use 
disorder; (5) if they were not hospitalized or attempted suicide in the 
past 6 months; and (6) if they were able to read and understand English 
and had a verbal IQ score that did not indicate an intellectual disability. 
To examine these inclusion and exclusion criteria, interested partici
pants completed an online or phone screen and then were further 
assessed in person for eligibility for the study. 1343 potential partici
pants completed an online or phone screen. Of those, 372 participants 
were screened in person.

Assessors trained to reliability conducted Structured Clinical Inter
view for DSM-IV (SCID-I and SCID-II) (First et al., 1997; First & Gibbon, 
2004). Interrater reliability for 5 % of intake SCID-I interviews (19 out of 
372) was acceptable. There was 100 % agreement on diagnosing 
obsessive compulsive disorder and cannabis use disorder for the study. 
Interrater reliability for social phobia and generalized anxiety disorder 
was excellent (κ range: 0.74–1.00 (Landis & Koch, 1977);). It was 
acceptable for major depressive disorder (κ = 0.72) and alcohol use 
disorder (κ = 0.59). It was moderate for panic disorder (κ = 0.48). 
Reliability was fair for post-traumatic stress disorder (κ = 0.35) due to 
disagreement on one participant.

2.3. Measures

2.3.1. Interviews

(1) Structured Clinical Interview for DSM-IV (SCID-I and SCID-II; 
(First et al., 1997; First & Gibbon, 2004). The SCID-I was used to 
assess whether participants met criteria for DSM-IV Axis-I disor
ders. The SCID-I demonstrates high diagnostic accuracy (82 %) 
and inter-rater reliability (0.85 at training and 0.71 at the first 
quality assurance check) (Williams et al., 1992; Ventura et al., 
1998). The SCID-II was used to assess personality disorders, 
demonstrates adequate test-retest reliability (0.24–0.76) and 
diagnostic validity (First et al., 1997).

(2) Intelligence Quotient (IQ) was assessed with the Peabody Pic
ture Vocabulary Test—Third Edition (PPVT-III) (Dunn & Dunn, 
1981). Participants with a PPVT score of <70 were excluded.

(3) The Treatment History Interview, modified version (THI) 
(Linehan & Heard, 1987) was used to assess previous and ongoing 
psychiatric services received.

2.3.2. Physiological measurement
Galvanic Skin Response (GSR) was measured using Ag-AgCl elec

trodes on the middle phalanx of the middle and ring fingers of the 
participant’s non-dominant hand. All the electrodes were connected to a 
BIOPAC MP150 device (BIOPAC Systems, Goleta, CA) and amplified 
signals of analog data were converted to digital form and filtered using 
BIOPAC’s Acqknowledge Software.

2.3.3. Biochemical measures
Urinalyses (UA’s) were conducted at diagnostic intake to exclude 

participants currently taking illicit substances known to affect psycho
physiological arousal. Participants taking prescription drugs that could 

Table 1 
Demographic characteristics.

Characteristic N %

Gender Identity
Female 169 81.3
Male 39 18.8

Racial Identitya

Caucasian 156 75.0
African American 22 10.6
Asian (or Asian American) 9 4.3
East Indian 2 1.0
Middle Eastern/Arab 1 0.5
Other 1 0.5
More than one racial group 17 8.2

Ethnicity
Non-Hispanic 189 90.9

Marital Status
In a relationship (not married) ​ ​
Single/separated 136 65.4
Married ​ ​
Did not answer ​ ​

Education
GED 1 0.5
High school graduate 7 3.4
Some college or training after high school 72 34.6
College graduate 55 26.4
Some graduate school 28 13.5
Graduate degree 45 21.7

Income
$0–10,000 75 36.1
$10,001–20,000 23 11.1
$20,001–40,000 42 20.2
$40,001–65,000 26 12.5
$65,000–100,000 21 10.1
More than $100,000 17 8.2
Missing 4 1.9

Age M = 30.4 SD = 10.4

Note. Demographic descriptors for included sample.
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affect psychophysiological arousal were allowed if they were taking 
them as prescribed at the time of the study. If they took them without 
prescription or more than prescribed, they were not included in the 
study. Urine was tested for cocaine, marijuana, opiates, methadone, 
amphetamines, methamphetamines, barbiturates, PCP, and 
benzodiazepines.

2.3.4. Self-report

(1) Demographic Data Survey-Revised (DDS). The DDS is a self- 
report measure of demographic information, such as age, 
ethnicity, gender, income and education levels.

(2) Difficulties in Emotion Regulation Scale (DERS). The DERS 
(Gratz & Roemer, 2004) is a 36-item self-report measure of in
dividuals’ typical levels of difficulties regulating emotions across 
six domains: nonacceptance of negative emotions, inability to 
engage in goal-directed behaviors when experiencing negative 
emotions, difficulties in controlling impulsive behaviors when 
experiencing negative emotions, limited access to emotion 
regulation strategies perceived as effective, lack of emotional 
awareness, and lack of emotional clarity. Participants respond on 
a Likert-type scale ranging from 1 (almost never) to 5 (almost 
always). A psychometric study of the DERS found high internal 
consistency (Cronbach’s a = 0.93), good test-retest reliability (r 

= 0.88, p < .01), and adequate construct and predictive validity 
(Gratz & Roemer, 2004). The total score and subscale scores 
correspond to sums of relevant items. In the present study, 
Cronbach’s α for the total score at the initial assessment was 0.84.

(3) Subjective units of general psychological distress (SUDS). 
The SUDS is a self-report scale of current emotional distress rated 
on a scale 1 (little or no distress) to 9 (the most intense distress 
ever experienced).

(4) Dissociative-Tension States Scale 4 item version (DSS-4 from 
the DSS-acute) (Stiglmayr et al., 2010). The DSS-4 is a self-report 
scale of current levels of dissociation rated on a scale of 0 (none) 
to 9 (very strong).

(5) Self-Assessment Manikin (SAM) (Bradley & Lang, 1994). The 
SAM measured current emotional arousal from a scale of 1 
(completely sleepy/lethargic) to 9 (alert/attentive) and 
emotional valence from a scale of 1 (negative) to 9 (positive).

2.4. Study overview

The same sample of participants were recruited for this two- 
experiment study. The primary aim of Experiment 1 was to determine 
whether training in HRs, could reduce emotional reactivity and increase 
habituation in a new laboratory context one week later. For this 
experiment, participants came to the laboratory for a “learning phase” 

Fig. 1. CONSORT diagram.
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session and then again for a “testing phase” session one week later. The 
aim of Experiment 2 was to determine whether these HRs could also 
reduce emotional arousal and distress in participants’ daily lives outside 
of the laboratory. Experiment 2 participants answered automated phone 
calls for one week and then returned to the lab for an exit interview. See 
below for detailed procedures for each experiment.

2.5. Experiment 1

2.5.1. Experiment 1 overall study design
During the initial assessment, all eligible participants (Fig. 1) pro

vided the scripts for the personalized, ecologically-valid stressor task 
developed by Pitman and colleagues (1987) and used in studies of adults 
with PTSD, BPD, and other diagnoses (Schmahl et al., 2004). The clinical 
assessor asked the participant to describe four of the most recent (i.e., 
past two weeks) moderate stressful events in their lives. For each of the 
events, the participants wrote a script describing the event and the 
clinical assessor clarified a clear story that can be recited in approxi
mately 30 s. An example script would sound like, “You know you should 
speak up in class, but it terrifies you. You know the answer this time, so 
you raise your hand, with your heart pounding. The teacher calls on you 
and the classroom suddenly feels too quiet, as everyone turns to look at 
you. You rush through your point, your mind blanking halfway, cheeks 
burning as you hear someone laughing behind you.” After this session, 
the clinical assessor read the scripts out loud and digitally recorded them 
into audio files that would be played in random order for the participant 
during the stressor task. Next, participants returned to the laboratory for 
one session called the “learning phase” in which they completed the 
stressor task and measures of emotion (self-report and physiological). 
For this learning phase, all participants were randomized to one of two 
conditions by using an urn randomization procedure using gender and 
DERS score as matching variables (blocking groups were 90–114 versus 
115 to the maximum on the DERS). The two conditions included 1) 
Learning Phase HR, in which participants received a training in HRs, a 
novel sound associated with reductions in emotional arousal while 

listening to recorded stressor scripts, or 2) Learning Phase No-HR, in 
which participants did not receive this training and did not hear a sound 
during habituation in the learning phase.

After the learning phase, participants returned to the lab about a 
week later (minimum of 5 days and maximum of 14 days after the 
learning phase) to complete a second session, called the testing phase. 
For this phase, all participants were re-assigned randomly to one of two 
physical contexts: 1) Context A, which is the original room and condi
tions as the learning phase, or 2) Context B, a different room and con
ditions than the original learning phase. Furthermore, participants in 
both rooms were randomly assigned to one of two conditions: 1) testing 
phase HR, in which they heard the same sound while listening to their 
recorded stressor script during the testing phase, or 2) testing phase No- 
HR, in which they did not hear the sound in the testing phase. Note that 
for the participants who did not hear the sound in the learning phase 
(learning phase No-HR), the sound wasn’t technically a “habituation 
reminder” for them because it was not associated with prior training, so 
if they heard it in the testing phase, it was the first time they heard it. 
However, for consistency, we use the term “HR” to refer to the sounds 
whether or not they were conditioned cues. Therefore, Experiment 1 
followed a 2 (Learning Phase HR v. Learning Phase No-HR) X 2 (Testing 
Phase: Context A v. Context B) X 2 (Testing Phase HR v. Testing Phase 
No-HR) between-subjects factorial design for a total of 8 groups (See 
Fig. 2). The groups are: 1) Learning Phase HR Context A- Testing Phase 
HR Context A; 2) Learning Phase HR Context A- Testing Phase No-HR 
Context A; 3)Learning Phase HR Context A- Testing Phase HR Context 
B; 4) Learning Phase HR Context A- Testing Phase No-HR Context B; 5) 
Learning Phase No-HR Context A-Learning Phase HR Context A; 6) 
Learning Phase No-HR Context A- Testing Phase No-HR Context A; 7) 
Learning Phase No-HR Context A- Testing Phase HR context B; 8) 
Learning Phase No-HR Context A- Testing Phase No-HR context B.

2.5.2. Experiment 1 learning phase procedures
Baseline. Before the experiment task began, the participants were 

asked to report: 1) current distress and suicidal urges (i.e., Suicide Risk 
Protocol), 2) any changes in medications since the previous visit, 3) 
nicotine, caffeine and alcohol use that day, 4) and current pain and 
physical distress levels on a Likert scale of 1–9. Next, we assessed 
baseline SUDS. Emotion arousal was assessed using psychophysiological 
measures (i.e., GSR. Participants completed a 5-min baseline, sitting in a 
comfortable chair quietly without sleeping in a temperature controlled, 
sound attenuated room. After baseline, distress, arousal and dissociation 
were assessed again.

Experiment 1 Stressor Task and Habituation Reminders. An 
emotional stressor task was administered to all participants by playing 
three of the four recordings of their personal stressor scripts. Delivered 
by prompts on a desktop computer monitor, the task proceeded as fol
lows: (1) participants were instructed via standardized instructions to 
listen to their stressful experience and imagine the experience as vividly 
as possible, (2) listened to the stressor script through headphones, and 
(3) ended with a brief period of silence (30 s). This sequence repeated a 
minimum of two and a maximum of four times with each stressor until 
habituation occurred, determined by the moment their emotional 
arousal (measured by GSR) returned or dropped below their average 
baseline arousal. Habituation was continuously monitored using a real- 
time monitoring program that sampled arousal (GSR) every 500 ms 
relative to the participants’ average GSR levels during the baseline 
period. Once habituation occurred during any part of the task, the 
participants who were randomized to the learning phase HR condition 
heard the novel sound (a “BEEEEP boop boop” sound lasting a total of 6 s 
that was digitally created for this study) three times, whereas the other 
participants in the learning phase no-HR condition heard nothing. After 
the sound played, participants reported their current subjective distress 
(SUDS) and dissociation levels (DSS-4). Next, the study coordinator told 
participants to remember this sound as a reminder of calming down in 
response to stressful life events. This procedure repeated for the second 

Table 2 
Clinical characteristics.

Disorder Current Lifetime

Depressive Disorder N = 59; 28.4 % N = 151; 72.6 %
Major Depressive Disorder N = 46; 22.1 % N = 142; 68.3 %
Dysthymic Disorder N = 17; 8.2 % ​
Bipolar I Disorder N = 3; 1.4 % N = 10; 4.8 %

Anxiety Disorder N = 152; 73.1 % N = 169; 81.3 %
Panic Disorder N = 25; 12.0 % N = 39; 18.8 %
Social Phobia N = 30; 14.4 % N = 37; 17.8 %
Specific Phobia N = 8; 3.8 % N = 10; 4.8 %
Generalized Anxiety Disorder N = 84; 40.4 % ​

Obsessive Compulsive Disorder N = 15; 7.2 % N = 26; 12.5 %
Post-Traumatic Stress Disorder N = 27; 13.0 % N = 35; 16.8 %
Anorexia Nervosa N = 3; 1.4 % N = 23; 11.1 %
Substance Abuse ​ ​

Alcohol ​ N = 24; 11.5 %
Sedative, Hypnotic, Anxiolytic ​ N = 2; 1.0 %
Cannabis ​ N = 8; 3.8 %
Stimulants ​ N = 2; 1.0 %
Opioids ​ N = 2; 1.0 %

Substance Dependence ​ ​
Alcohol ​ N = 19; 9.1 %
Cannabis ​ N = 4; 1.9 %
Stimulants ​ N = 1; 0.5 %
Opioids ​ N = 2; 1.0 %

Personality Disorder (PD) N = 78; 37.5 % ​
One PD N = 68; 32.7 % ​
More than one PD N = 10; 4.8 % ​
Avoidant PD N = 22; 10.6 % ​
Obsessive-Compulsive PD N = 17; 13 % ​
Borderline PD N = 23; 11.1 % ​

Note. Diagnostic profile for the sample based on the Structural Clinical Interview 
for DSM-IV disorders (SCID-IV) and for DSM-IV personality disorders (SCID-PD).
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and third stressor scripts to enhance HR learning across multiple 
stressors. Individuals who continued to have high levels of emotional 
arousal after completing the entire stressor task were asked to sit in 
silence for ten more minutes. If they still did not habituate, they were 
instructed to use a breathing exercise for the next 10 min. Out of the 44 
participants who did not habituate while listening to the stressors, 38 
habituated during the period of silence and four habituated during the 
breathing exercise. Afterward, participants removed the electrodes and 
were scheduled to return for the testing phase.

2.5.3. Experiment 1 testing phase procedures
When they arrived for the testing phase, all participants repeated the 

pre-experiment questionnaires of the learning phase. At this visit, the 
participants randomized to Context A were tested in the original labo
ratory room from the learning phase, and the other half of participants 
randomized to Context B were tested in a new room. In line with our 
previous learning studies using context manipulations (Huff et al., 2009; 
LaBar & Phelps, 2005), the new room in the testing phase represented a 
unique context compared to the original learning phase room using 
different square footage, lighting, and furniture. Using a scent machine 
(Virtually Better, Decatur, GA), the new room also had the smell of mint 
released during testing. In addition, testing in the novel room was done 
by a different experimenter than in the learning phase.

In both the original and new testing rooms, the testing phase began 
with a baseline as described above. Next, the recording of the fourth 
stressor script was played, using the same procedures as in learning 
phase. For the participants randomized to the testing phase HR condi
tion, the sound was presented through headphones every 10 s after the 
stressor script started playing for the participant. For the participants in 
the testing phase No-HR condition, the sound was not presented through 
headphones and they heard nothing except for the stressor script.

2.5.4. Experiment 1 data analytic plan
For our primary analyses, we tested the effect of HRs on multiple 

measures of emotion regulation processes from the testing phase: (1) 
emotional reactivity, measured by the magnitude of change in self- 
reported subjective units of psychological distress (SUDS) and galvanic 
skin conductance (GSR) from baseline to post stressor, and (2) recovery, 
measured by the magnitude of change in emotional arousal (GSR) and 

distress (SUDS) from the maximum levels during the stressor to post 
stressor. To evaluate Hypothesis 1 (i.e., if the process of training and 
using HRs helps regulation), we conducted a series of mixed analyses of 
covariance (mANCOVA) models to test group differences between the 
participants who received HRs on both the learning and testing phases 
and participants who did not receive the HRs on either phase (groups 1 
and 3 versus 6 and 8, see Fig. 2).

To evaluate the impact of the re-exposure to the HR during the 
testing phase across all participants who were trained with the HR 
during the learning phase, we tested using mixed ANCOVA models 
group differences between the participants who heard the HR in both the 
learning and testing phases and the participants who were trained with 
the HR in learning phase but did not hear it during the testing phase (i.e., 
groups 1 and 3 versus 2 and 4, see Fig. 2). Each model included treat
ment condition, age, gender, and average dissociation scores (DSS-4).

For our exploratory analyses, we 1) explored whether hearing the 
HRs in the testing phase would lead to better regulation if HRs were 
paired with habituation in the learning phase compared to hearing the 
same sound in the testing phase without prior exposure to it (comparing 
groups 1 and 3 with 5 and 7, see Fig. 2). 2)We also explored whether HRs 
learned in one context during the learning phase would generalize to a 
different context by comparing the participants who received HRs on 
both the learning and testing phases but switched to Context B in the 
testing phase (Group 3), and participants who also received the HRs on 
both learning and testing phases but stayed in Context A for the testing 
phase (Group 1).

2.5.5. Experiment 1 results
Mixed ANCOVA models controlling for age, sex and average change 

in dissociation found a trend for a significant main effect of group when 
all groups were included in the analysis in examining SUDSrecovery (F 
[7195] = 2.05, p = .051) and SUDSreactivity (F[7195] = 1.77, p = .096), 
but not for changes in GSR during either reactivity or habituation (ps >
0.13).

Based on hypothesized differences (H1), we compared participants 
who received HRs in both learning and testing phases with participants 
who did not receive HR in either phase. HR-exposed participants had 
less reactivity to their personalized stressor as measured by SUDS 
(Estimated marginal mean [EMM] = 1.19, SE = 0.17) than participants 

Fig. 2. Study design and group condition.
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who did not receive the HRs in either phase (EMM = 1.87, SE = 0.20; t =
- 2.55, p=.01). Participants who received the HRs in both phases (EMM 
= 1.46, SE = 0.12) had a larger recovery in SUDS post stressor than 
participants who did not receive HRs. (EMM = 1.03, SE = 0.14; t = 2.35, 
p = .02). Results examining H2 also indicated a significant effect of HR 
during the testing phase within all participants who had HR during the 
learning phase. Specifically, participants who received HRs in both 
phases had less reactivity during the new stressor in the testing phase as 
measured by SUDS (EMM = 1.19, SE = 0.17) than participants who 
received HR in the learning phase but not in the testing phase (EMM =
1.68, SE = 0.17; t = − 1.99, p = .048). Participants who received HRs in 
both phases (EMM = 1.46, SE = 0.12) also had more recovery in SUDS 
than participants who had HRs in the learning phase but not the testing 
phase (EMM = 0.93, SE = 0.12; t = 3.18, p < .01). There were no sig
nificant group differences in GSR reactivity or recovery. There was a 
significant main effect of age for decrease in SUDS post stressor (F[1, 
195] = 5.39, p = .02). There were no other significant main effects for 
the covariates included in the models (ps > 0.10).

In our exploratory analyses, we found 1) no differences in distress 
(SUDS) and arousal (GSR) between participants who heard HRs without 
prior training with it and participants who heard HRs in both the 
learning and testing phase (ps > 0.05). 2) Results from the second 
exploratory analyses found no significant differences between partici
pants who heard HRs in both the learning and testing phases but 
switched from Context A in the learning phase to Context B for the 
testing phase, and participants who were tested in the same context 
where learning occurred, all in context A (p > .05). Estimated marginal 
means and standard errors are displayed in Table 3. The raw means and 
standard deviations are displayed in the supplementary table. Results for 
recovery in distress is displayed in Fig. 3.

2.5.6. Experiment 1 discussion
Results from our primary analyses in Experiment 1 suggest that 

participants who received HRs in the learning phase and then were 
presented with them during the testing phase reported less reactivity 
and greater recovery in subjective emotional distress compared to par
ticipants who did not receive HRs in either phase. These findings provide 
initial evidence that training novel sounds as HRs after exposure to 
memories of personalized stressors may help facilitate reduction of 
subjective emotional distress when exposed to a new stressor. Further
more, participants who received HRs in both phases exhibited less 
reactivity and greater recovery in distress compared to those who 
received HR training in the learning phase but did not receive HRs in the 
testing phase. These findings suggest that the effect of HRs may be due to 
the combination of both the HR training and subsequent presentation of 
HRs approximately one week later to a new stressor, rather than being 
caused by the effect of HR training alone.

The secondary exploratory analyses evaluated whether the effect of 
the HRs may be specific and generalizable to a new laboratory testing 
context. We did not find differences between participants who heard the 
HRs in the testing phase without prior training with it and participants 
who were trained with HRs during the learning phase and subsequently 
heard these sounds in the testing phase. In other words, these findings do 
not provide evidence that the sound had significantly different effects on 
emotion regulation if it was a cue conditioned with habituation than if it 
was heard for the first time. These findings could be explained by the 
immediate regulating effect of hearing a new sound due to distraction 
(Escera et al., 1998) or the orienting response (Bradley, 2009, Sokolov, 
Waydenfeld, Worters, & Clarke, 1963). It is also possible that there was 
not enough power to detect significant differences between these 
conservatively controlled groups in our analyses, even though the raw 
estimated marginal mean recovery in distress was greater in the par
ticipants with the HR training than the participants without the prior 
training. Nonetheless, future studies may extend beyond this finding by 
elucidating whether hearing novel and neutral sounds during exposure 
to autobiographical stressors functions to help reduce emotional 

reactivity to these memories as well as or better than sounds previously 
trained as HRs.

We did not find significant differences in outcomes between partic
ipants who received the HRs and switched to a new experimental setting 
(i.e., Context B) for the testing phase and participants who also received 
the HRs but returned for testing to the same experimental setting (i.e., 
Context A) during testing. Thus, we did not find evidence that using HRs 
in a different context than where the training took place would make 
their effect significantly worse than if they were trained and used in only 
one context.

In sum, the findings from Experiment 1 suggest that repeatedly 
pairing novel and neutral brief auditory stimuli with reductions in 
emotional arousal (i.e., HRs) in response to autobiographical stressors is 
feasible and can be used to subsequently help facilitate reductions in 
arousal in response to new autobiographical stressors. Experiment 1 did 
not demonstrate that HRs reduce distress or autonomic arousal better 
when previously learned than when heard for the first time during 
exposure to personally relevant stressors. However, as the first study to 
our knowledge to test the use of HRs with a transdiagnostic highly 
emotionally dysregulated sample, the findings provide important new 

Table 3 
Estimated Marginal Means and Standard Errors for individual conditions 
included in analyses.

Group(s)a (learning paradigm- testing paradigm) Outcome EMM SE

Group 1 (Learning Phase HR Context A- 
Testing Phase HR Context A)

Reactivity SUDS 1.23 0.25
GSR 2.14 0.64

Recovery SUDS 1.39 0.17
GSR 2.32 0.42

Group 3 (Learning Phase HR Context A- 
Testing Phase HR Context B)

Reactivity SUDS 1.16 0.24
GSR 2.43 0.63

Recovery SUDS 1.54 0.16
GSR 2.06 0.42

Group 1,3 (Learning Phase HR Context A- 
Testing Phase HR Contexts A + B)

Reactivity SUDS 1.19 0.17
GSR 2.28 2.28

Recovery SUDS 1.46 0.12
GSR 2.19 0.30

Groups 2,4 (Learning Phase HR Context 
A- Testing Phase No-HR Contexts A +
B)

Reactivity SUDS 1.68 0.17
GSR 2.99 0.45

Recovery SUDS 0.93 0.12
GSR 2.76 0.30

Groups 5,7 (Learning Phase No-HR 
Context A-Testing Phase HR Contexts 
A + B)

Reactivity SUDS 1.09 0.21
GSR 2.28 0.45

Recovery SUDS 1.12 0.15
GSR 2.62 0.37

Group 6 (Learning Phase No-HR Context 
A-Testing Phase No-HR Context A)

Reactivity SUDS 1.69 0.30
GSR 2.53 0.77

Recovery SUDS 1.05 0.20
GSR 3.43 0.51

Group 8 (Learning Phase No-HR Context 
A-Testing Phase No-HR Context B)

Reactivity SUDS 2.06 0.28
GSR 2.43 0.72

Recovery SUDS 1.01 0.19
GSR 1.80 0.47

Group 6,8 (Learning Phase No-HR 
Context A-Testing Phase No-HR 
Contexts A + B)

Reactivity SUDS 1.87 0.20
GSR 2.48 0.53

Recovery SUDS 1.03 0.18
GSR 2.62 0.35

Note. Estimated marginal means (EMM) for each group and standard errors (SE) 
from the PROC-MIX analysis for each primary and secondary outcome control
ling for age, biological sex, and self-reported dissociation during the testing day. 
HR = habituation reminder; NHR = No HR was heard/trained. Learning para
digm = what happened during the learning phase? (i.e., Learning Phase HR 
Context A means the HR was paired with habituation in context A). Testing 
paradigm = what happened during testing phase? (i.e., Testing Phase No-HR 
Context B means the HR sound was not heard during the testing phase in 
context B). Reactivity = change in the outcome from baseline to the peak during 
the fourth stressor administered during the testing phase; Recovery = change in 
the outcome from peak distress during the stressor to end of stressor during 
testing phase; SUDS = subjective units of distress; GSR = Galvanic Skin 
Response.

a Groups 2,4, 5 and 7 did not appear alone in any of the analyses and therefore 
are shown in the combinations that were included in analyses.
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evidence that HRs may help people reduce emotional distress in 
response to autobiographical stressors.

2.6. Experiment 2

2.6.1. Experiment 2 study design
The primary aim of Experiment 2 was to determine whether HR 

training reduces emotional arousal and psychological distress outside of 
the laboratory. This was tested using experience sampling through a 
phone-based software (Telesage, Inc., Chapel Hill, NC) that delivered 
HRs and assessed outcomes through participants’ cell phones. After 
completing Experiment 1, 124 participants who received HRs during the 
learning phase, as well as those participants who did not receive HRs in 
either the learning or testing phases, were re-randomized into new 
experimental conditions for Experiment 2 (See Fig. 4). The participants 
in Experiment 2 were randomized to either the 1) phone HR condition, 
hearing the HR through their mobile phones or 2) a sham condition, 
hearing a sham sound, a series of neutral percussive sounds (“tap tap 
tap”) unrelated to the HR in form but equivalent in other relevant pa
rameters (e.g., amplitude, length) through their mobile phones. The 
design is a 2 (Learning Phase with HR vs. Learning Phase No HR) x 2 
(Phone with HR vs. Phone Sham) design. The learning phase HR-Phone 
HR group had 43 participants. The learning phase HR-Sham group had 
38 participants. The learning phase No HR- HR had 24 participants, and 
the learning phase No HR- Sham group had 19 participants.

2.6.2. Experiment 2 procedures
Participants received eight automated calls each day (approximately 

one call every 2 h) for one week. For all participants, calls on the first day 
were used to establish baseline levels of psychological distress (SUDS), 
emotional valence (positive versus negative affect), and strength of 
emotional arousal (SAM), without HRs. On all other days, when par
ticipants reported high emotional arousal (SUDS >4) and low valence 
(negative affect <5), they automatically heard the HR or sham sound 
based on their condition. Calls on a given day that met the above criteria 

(i.e., high emotional arousal and low valence) were then averaged to 
generate an average SUDS score, average emotional valence score, and 
average emotional arousal score. These daily averages were then 
included in the Experiment 2 analyses.

After the HR or sham sound, all participants provided self-reported 
SUDS and emotional valence/arousal ratings. If participants did not 
report high arousal and low valence at the time of the call, they heard a 

Fig. 3. Estimated Marginal Means and Standard Errors for individual conditions included in analyses. Estimated marginal means (EMM) for each group and standard 
errors (SE) from the PROC-MIX analysis controlling for age, biological sex, and self-reported dissociation during the testing day for subjective units of distress (SUDS) 
change from the peak distress during the stressor to the end of the stressor during the testing day. HR= habituation reminder; No HR = No HR was tested/trained. 
Orange indicates that the group received the training with the HR in the learning phase. Blue indicates the group did not hear the HR in the learning phase and thus 
didn’t receive training in HR’s. For example, "1 (HR-HR A)" means this is the EMM for group 1, who received training in the HR’s during the learning phase and then 
heard the HR during the testing phase in Context A.Estimated marginal means (EMM) for each group and standard errors (SE) from the PROC-MIX analysis con
trolling for age, biological sex, and self-reported dissociation during the testing day for subjective units of distress (SUDS) change from the peak distress during the 
stressor to the end of the stressor during the testing day. HR= habituation reminder; No HR = No HR was tested/trained. Orange indicates that the group received the 
training with the HR in the learning phase. Blue indicates the group did not hear the HR in the learning phase and thus didn’t receive training in HR’s. For example, 
"1 (HR-HR A)" means this is the EMM for group 1, who received training in the HR’s during the learning phase and then heard the HR during the testing phase in 
Context A.

Fig. 4. Change in distress from the beginning to the end of the call over time by 
condition in Experiment 2. Participants who were trained in HRs and heard 
them during the call experienced a significant drop in their distress at the 
beginning of the week. This effect of HR faded over time. Participants who did 
not have access to HRs did not experience a significant improvement in distress, 
although some reported a reduced benefit from hearing a distracting noise 
when upset.
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standard thank you message and were prompted to provide post-SUDS, 
valence, and arousal ratings. After one week, participants returned to 
the laboratory to return the phone, receive compensation, and complete 
a modified exit interview. We also collected pre- and post-Experiment 2 
assessments of symptoms of clinical outcome measures (e.g., symptoms 
of anxiety and depression; see Measures).

2.6.3. Experiment 2 data analytic plan
In Experiment 2, the primary dependent variables evaluated were 

daily average changes in (1) psychological distress, (2) emotional 
arousal, and valence before and after the HR or sham sound. To evaluate 
whether HRs could be effective at reducing emotional arousal in a 
naturalistic setting outside the laboratory, we computed the number of 
calls each day when participants reported negative emotions. Separate 
linear mixed-effects models (implemented with the use of SAS PROC 
MIXED) were used to model average daily change in SUDS scores, 
emotional valence scores, and arousal scores, which were then analyzed 
by treatment condition across time. The linear models were used to 
generate an average slope-based parameter that describes the rate of 
change over time for the dependent variables of interest and to test study 
hypotheses regarding whether the HR training inside the laboratory 
generalized to naturalistic settings. Each linear model included time and 
treatment condition as fixed effects, and time-by-treatment group as an 
interaction term. Each model also included a limited number of cova
riates (e.g., age and sex), followed by backward stepping to identify the 
best-fitting and most parsimonious model. In all models, random effects 
included intercept and linear slope terms, and an unstructured covari
ance was used to account for within-subject correlation over time. All 
comparisons were planned, and tests were two-sided. A p-value of less 
than 0.05 was considered to indicate statistical significance.

2.6.4. Experiment 2 results
Results from the mixed-effects models revealed between-group dif

ferences in average daily average SUDS. The analysis using an un
structured covariance structure found that participants who received 
HRs during training and HRs on the phone overall reported a bigger drop 
in distress by the end of the call than participants who received HRs 
during training but no HRs on the phone (EMM = 0.79, SE = 0.35, t =
2.26, p = .03). Similarly, HR-HR participants, when compared to No HR- 
Sham participants also reported a larger change in SUDS on the phone 
(EMM = 0.89, SE = 0.43, t = 2.05, p = .04). The mixed-effects model for 
average daily arousal scores revealed a significant time-by-treatment 
interaction for the HR-HR group versus the HR-Sham group (p <
.0042) and the HR-HR group versus the No HR-Sham group (p < .0331) 
but not for the HR-HR group versus the NoHR-HR group (p > .11). 
Planned pairwise comparisons of the expected mean arousal scores by 
day revealed a significant difference between HR-HR and HR-Sham at 
Day 1 (t = − 3.88, p < .001), Day 2 (t = − 2.66, p < .01), and Day 3 (t =
− 2.23, p < .05). No significant differences were found at Days 4, 5, and 6 
(all ps > 0.05). Similar differences were found between expected mean 
arousal scores by day between HR-HR and No HR-Sham at Day 1 (t =
− 2.21, p < .05) and Day 2 (t = − 2.67, p < .01) but not for the remaining 
days (all p’s > 0.05). Fig. 3 displays the results of the fitted mixed-effects 
model for change by the four treatment groups. Results from the ana
lyses with valence scores did not find a significant group difference or 
significant time-by-treatment interaction (all p’s > 0.05).

2.6.5. Experiment 2 discussion
Results from our analyses revealed that participants who received 

HR training during Experiment 1 and heard the HRs over the phone 
when they reported high distress (i.e., the Learning Phase HR-Phone HR 
condition) had significantly larger reductions in distress than partici
pants who also received the training but heard the sham sound on the 
phone instead of HRs. We also found that participants who had HR 
training and received HRs on the phone had larger reductions in distress 
compared to participants who never heard the HRs in either experiment. 

However, the effects of the HR training on emotional arousal were found 
in the first few days after the laboratory task and were nonsignificant 
after the fourth day, indicating that the HRs effect on regulation of 
arousal diminished over time. These findings suggest that HR training in 
the laboratory generalized outside the laboratory to a naturalistic 
setting, leading to better initial reductions in negative affect and distress 
than several control conditions.

3. General discussion

This study tested whether habituation reminders (HRs), novel and 
neutral auditory cues paired with reductions in emotional arousal dur
ing repeated exposures to autobiographical stressors, may help facilitate 
generalization of emotion regulation in response to new stressors, con
texts and naturalistic settings over time. Across two experiments, our 
findings suggest that HRs may facilitate the regulation of subjective 
distress over time across different contexts. The first experiment inves
tigated whether a laboratory procedure training HRs can lead to better 
regulation during a stressor task in the lab a week later. In this experi
ment, the findings suggested that participants who received training in 
HRs had less reactivity and a greater recovery of subjective distress in 
the lab a week later than participants who didn’t receive HR training. 
Findings from exploratory analyses, however, did not find a significant 
difference between participants who heard the HRs in the testing phase 
without prior training with it and participants who were trained with 
HRs during the learning phase and subsequently heard these sounds in 
the testing phase. The second experiment investigated whether HR 
training influenced reduction of emotional arousal and distress outside 
the laboratory when the HRs were presented by mobile phone to par
ticipants in their daily lives. Findings from this experiment also sug
gested that participants with HR training reported larger reductions of 
distress than participants without previous HR training. Together, these 
findings provide preliminary evidence that associating auditory stimuli 
with reductions in aversive emotional experiences during exposure to 
autobiographical stressors may improve regulation of distress in new 
environments and in response to new stressors.

In the first experiment, participants who received training in HRs 
during the initial learning phase reported significantly less reactivity 
and greater recovery of subjective distress during a new stressor 
approximately one week after training compared to participants who did 
not receive HRs in either a learning or testing phase. In other words, 
pairing a new sound with repeated decreases in emotional arousal 
resulted less reactivity and faster recovery from distress when partici
pants encountered a new stressor. Notably, the presence of HRs during 
testing was critical: those who heard the sound in the learning phase but 
did not hear it during the testing phase did not report the same benefits. 
Even when the physical context changed from the learning phase to the 
testing phase a week later, we did not find evidence of renewal effects 
when they heard the HR, indicating the possibility of generalized 
learning from HR learning. To our surprise, participants hearing the HR 
sound for the first time during testing had statistically equivalent re
sponses to their stressors compared to those who had previous HR 
training and heard HRs again during the testing phase. Future studies 
are encouraged to replicate and extend the present finding to determine 
the optimal parameters of HR training and the possible effects of novel 
and neutral sounds paired with autobiographical stressors in the absence 
of having been previously trained as HRs. Perhaps such sounds or other 
sensory stimuli may have effects that reduce emotional reactivity due to 
distraction, orienting responses, or processes associated with inhibitory 
learning.

In the second experiment, our findings suggest that HRs may have 
had an effect in real-world settings outside the laboratory context. 
Among participants who were trained in HRs in the lab during Experi
ment 1, those who received them over the phone in the subsequent week 
showed greater reductions in distress compared to those who heard a 
comparison sham sound over the phone instead. This finding suggests 
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that auditory stimuli classically conditioned to elicit reductions in 
emotional arousal can enhance subjective emotional experiences in 
natural environments. Taken together, these preliminary findings sup
port our primary hypothesis that associating a novel sensory cue with 
reductions in emotional arousal can improve emotion regulation pro
cesses across new contexts and stressors, thereby showing promise for 
this conditioning approach of bridging the learning of regulatory skills 
in the clinic to their application in daily life.

Our findings align with principles of classical conditioning and 
extinction retrieval from the modern learning literature. In our design, 
the novel sound functioned as a conditioned stimulus that was paired 
with habituation in response to hearing a stressful autobiographical 
memory. Thus, participants who received this training learned to asso
ciate HRs with reduced emotional arousal during exposure to a stressful 
experience. In other words, HRs may be a conditioned cue that can be 
transferred across environments to help retrieve memories of reduced 
negative emotions. This mechanism is analogous to phenomena 
observed in fear extinction research. Bouton (2002, 2004) has empha
sized that extinction (or new inhibitory learning) is highly 
context-specific; when an individual changes contexts, they have diffi
culty retrieving the memory of extinction, leading to a return of the 
conditioned fear or distress. However, a discrete retrieval cue associated 
with the extinction training can help recover the extinction memory 
even in a different context (Bouton, 2002). In our study, the HR served as 
such a retrieval cue for the extinction of emotional arousal during an 
exposure procedure. By re-presenting an auditory stimulus from the 
original learning, we provided a signal to reactivate the previously 
learned emotional response (i.e., reduced arousal), thereby countering 
the context change. The fact that regulation was still evident with HRs in 
a new testing context is congruent with Bouton’s (2004) observation 
that while context shifts can impair retrieval of learning, a conditioned 
cue can mitigate this effect. As retrieval cues, HRs are different from 
safety signals, even though safety signals are also associated with re
ductions in distress. Patients use safety signals to avoid or escape from 
emotional distress, which can interfere with the generalization of 
extinction learning (Bouton et al., 2021). On the other hand, HRs may 
facilitate extinction learning because they are associated with habitua
tion that occurs through repeated exposure (not avoidance) to the 
stimulus, an important mechanism of change in successful exposure 
therapies.

These findings may have practical clinical implications for 
improving interventions for emotion dysregulation. Our approach uses 
the strategy of incorporating conditioned cues across contexts to trigger 
learned behavior in new environments (Stokes & Osnes, 1989). Study 
findings demonstrate a potential method to help bridge the clinic–home 
gap by making memories of habituation from therapy sessions more 
accessible during daily life. This method may augment extinction and 
behavioral therapies with technology and conditioned stimuli to help 
improve clinical outcomes (Bouton, 2002; Rosenthal & Kutlu, 2014). 
The use of HRs could allow for a low-cost, easily disseminated 
augmentation to therapy and other behavioral interventions, essentially 
serving as portable reminders of habituation. While the HRs in this study 
were paired with natural reductions in distress through habituation, 
future studies may investigate whether auditory stimuli can be paired 
with intentional emotion regulation strategies like acceptance or 
cognitive reappraisal. This principle has already been used in other 
settings, such as the sound of a singing bell that signals the start of a 
meditation practice. The sound becomes conditioned with the practice 
of becoming mindfully awareness of the present moment. Hearing that 
same sound outside the meditation learning setting, when distressed, 
could function to generalize such learning. Therapists could apply this 
principle by using HRs during exposure-based procedures or when 
following manualized treatments and training emotional down
regulation (e.g., dialectical behavior therapy skill groups). When pa
tients repeatedly practice an emotion regulation skill or are exposed to 
emotional triggers, the therapist could play a new sound when they start 

to feel better. That sound could then be delivered via the patient’s 
smartphone or another device during real-world stressful moments. This 
approach may be particularly useful for people with high emotional 
dysregulation, individuals who, even after learning skills, struggle to 
access them when overwhelmed by emotions in daily life (Linehan, 
1993b). HRs could provide an external prompt to these individuals, 
helping them initiate emotion regulation at the earliest signs of distress. 
Importantly, the mobile technology required is widely accessible, 
making this intervention scalable. In summary, incorporating condi
tioned reminder cues into therapy holds promise for enhancing the 
transfer and maintenance of emotion regulation skills beyond the clinic, 
thereby potentially reducing relapse and improving long-term 
outcomes.

However, several limitations of the present study must be consid
ered. First, the effects of HRs were found within subjective measures of 
emotion, but did not extend to autonomic arousal (e.g., GSR). However, 
decades of emotion research have found that that physiological 
emotional responses may not be closely associated with behavior and 
experience (Taschereau-Dumouchel et al., 2022), especially within some 
negative emotions (Mauss et al., 2005) and emotionally dysregulated 
clinical populations (Knejzlíková et al., 2021). Electrodermal responses 
are known to fluctuate with other factors, such as individuals’ physio
logical profiles or novelty of stimuli. Although galvanic skin response is 
still a viable measure of general emotional arousal, it may have signif
icant limitations as an outcome measure for behavioral interventions 
(Taschereau-Dumouchel et al., 2022). These findings might indicate that 
the HR primarily influenced participants’ perception or appraisal of the 
stress (thus reducing reported distress), but this effect did not have a 
reliable correlate with physiological measures of emotional arousal. 
Second, self-report measures of emotion were only collected in the 
second experiment through the phone which could be biased by demand 
characteristics or participation fatigue through answering several calls 
per day. Third, despite the high rates of psychiatric disorders in our 
sample, the sample was recruited outside of a treatment context, which 
may limit generalizability to treatment-seeking samples. Fourth, habit
uation was the primary regulating mechanism in this study in line with 
the research on behavioral interventions, so future studies should 
replicate these findings across other emotion regulation strategies such 
as mindfulness, problem-solving or cognitive restructuring. Finally, 
although tailoring the stress script to each participant increased 
ecological validity in the lab, it remains unclear whether an HR condi
tioned on one type of stressor (e.g., a social rejection script) will also 
help with very different stressors (e.g., an unexpected panic trigger) in 
real life. Similarly, most participants were not receiving clinical treat
ment, so their baseline levels of dysregulation may differ from in
dividuals in treatment for severe anxiety or mood disorders. Future 
research should test HR-assisted regulation in specific clinical pop
ulations, such as patients with PTSD facing trauma cues or those with 
substance use disorders experiencing cravings, to see if the effects 
replicate. It will also be important to assess whether multiple different 
HR cues can be conditioned to different emotional states, or if one 
generic reminder sound suffices across various negative emotions.

In conclusion, the present two-experiment study provides initial 
evidence that conditioning a novel auditory stimulus to reductions in 
emotional arousal may be able to help improve emotion regulation 
across contexts and over time. The findings bridge basic emotion regu
lation processes and conditioning principles with clinical innovation, 
offering a new approach to possibly help bolster the generalization of 
habituation-based learning. While further research is needed to refine 
the method, address its limitations, and test clinical efficacy, the use of 
HRs represents a promising step toward more durable emotion regula
tion interventions that leverage technology and evidence-based methods 
to change people’s subjective experience of real-world challenges.
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