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Background and objectives: Although research suggests that introducing varying levels of fear during exposure
enhances outcomes for some anxiety-related problems, this has not been examined in the context of obsessions.
The current preliminary study tested the hypothesis that introducing variability in exposure intensity would
improve long-term outcomes relative to traditional gradual (hierarchical) exposure
Methods: Adults (N = 40) with a moderately distressing unacceptable obsessional thought were randomly assigned in parallel to four twice-weekly sessions of: (a) gradual exposure (EXP-G; n = 19) emphasizing hierarchical
exposure completion, or (b) variable exposure (EXP-V; n = 21) emphasizing variability in exposure intensity
Results: There were no significant differences in pre to post changes between groups using self-report, interview,
or behavioral outcomes (as evaluated by an independent assessor blind to treatment condition). Group comparisons at 3-month follow-up did not reach statistical significance but were moderate in magnitude.
Specifically, as measured by clinical interview (the Yale-Brown Obsessive-Compulsive Scale; primary outcome)
and self-report, individuals in the EXP-G group maintained gains at 3-month follow-up, while the EXP-V group
continued to improve. Treatment expectancies and satisfaction were comparable for both groups. Five participants withdrew from the EXP-G condition, and none withdrew from the EXP-V condition. In contrast to previous
studies, variability in subjective and physiological fear during exposure did not predict outcomes
Limitations: The study employed an analogue sample with moderate unacceptable obsessions, and results should
be replicated in clinical samples
Conclusions: Variable exposure warrants future study to understand the mechanisms, moderators, and implications of this novel approach

1. Introduction
Cognitive behavioral therapy (CBT), including exposure and response prevention (ERP), is the most efficacious psychological treatment for obsessive compulsive disorder (OCD), with 69% of patients
experiencing clinically significant improvement (Eddy, Dutra, Bradley,
& Westen, 2004). Exposure can be conducted via encounters with external fear cues or via imaginal exposure to obsessional thought/images
that provoke anxiety. Response prevention entails refraining from rituals that serve as an escape from obsessional fear. Traditionally, ERP is
conducted using a gradual approach in which stimuli are rank-ordered
hierarchically according to a patient's predicted subjective units of
distress (SUDS). Treatment typically begins with exposures of lesser
intensity that are repeated until habituation (i.e., reduction) of fear

occurs before progressing gradually until habituation to the most anxiety-provoking exposures is accomplished.
This method of implementing exposure is derived from emotional
processing theory (EPT; Foa, Huppert, & Cahill, 2006), which proposes
that habituation within and between sessions is a critical indicator that
corrective learning is taking place. Despite EPT's empirical support,
however, a substantial percentage of patients (14–31%) are non-responders to ERP (e.g., Norberg, Calamari, Cohen, & Riemann, 2008),
and of those who respond, 50–60% experience partial symptom relapse
(e.g., Eisen et al., 2013). These attenuated outcomes, and the fact that
“return of fear” can occur, suggest that enhancing the long-term efficacy of ERP remains an important clinical need.
Findings from basic research on extinction learning indicate that
hierarchy-driven gradual exposure may inadvertently attenuate long-
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term outcomes by failing to extinguish fear of anxiety itself (Craske
et al., 2008; Jacoby & Abramowitz, 2016). Specifically, gradual exposure may ironically nurture anticipatory anxiety of items toward the
top of the hierarchy by communicating that patients are not “ready” for
intense anxiety until they have first confronted lower/“safer” levels
(Abramowitz & Arch, 2014). Moreover, patients sometimes rely on
habituation as an escape from anxiety (e.g., “I will do this exposure
because I know my anxiety will come down”) and thus use exposure to
control anxiety rather than learning that it is safe and manageable
(Craske, Liao, Brown, & Vervliet, 2012). The prioritization of habituation during exposure might also result in the misinterpretation of
normal surges of anxiety following treatment as signals of danger or
failure, ultimately contributing to relapse (Craske et al., 2008). Accordingly, although gradual exposure may facilitate performance during
exposure, it might make one vulnerable to return of fear in the long-run.
Research on fear extinction suggests that a promising alternative for
optimizing long-term ERP outcomes is to foster “desirable difficulties”
during exposure. One way to do this is to vary the intensity of exposures, rather than proceeding hierarchically (e.g., Craske et al.,
2008). Variation is a “difficulty” because it introduces challenges during
exposure and slows the rate at which fear declines in the short-term. Yet
this is “desirable” as it results in more durable long-term learning and
may minimize return of fear (Hermans, Craske, Mineka, & Lovibond,
2006).1 First, variability is beneficial because it maximizes opportunities for surprise; that is, when there is greater discrepancy between
fear-based predictions (i.e., expectancies; e.g., “I can't handle uncertainty and anxiety”) and what actually occurs (e.g., anxiety and
uncertainty are safe and manageable) this results in more stable extinction learning (Rescorla & Wagner, 1972). Second, variability in
exposure maximizes retrieval cues for extinction, as the experience of
fluctuating fear during exposure allows for a broader variety of emotions and internal stimuli to become associated with extinction (Bouton,
2000). Third, variable exposure requires patients to engage in higher
order learning (i.e., synthesizing vs. simply remembering), which also
maximizes long-term extinction (Bjork & Bjork, 2006). Finally, because
encounters with obsessional stimuli present unexpectedly in the real
world, variable exposure might best prepare patients to manage anxiety
following therapy (and inoculate them against return of fear).
Two studies suggest that varying exposure intensity enhances longterm outcomes. First, individuals with spider phobia (Rowe & Craske,
1998) who received “varied-stimulus” exposure (i.e., using four spiders
of varying “shape, color, hairiness, quickness, and size,” p.723) experienced less habituation during exposure trials, but also displayed
less return of fear when presented with a spider at follow-up relative to
the “constant-stimulus” group (in which all exposures were conducted
with the same spider). Similarly, among individuals with fear of heights
(Lang & Craske, 2000), participants in the variable group (who looked
over balconies of a tall building in random order; e.g., 5th, 2nd, 10th
floor, etc.) reported less anxiety at follow-up (despite higher peak fear
during exposure) relative to the gradual exposure group (who systematically progressed up the floors; i.e., 1st, 2nd, 3rd floor, etc.). Two
additional studies attempting to experimentally vary fear during exposure failed to replicate these results in individuals fearful of public
speaking (Culver, Stoyanova, & Craske, 2012) and contamination
(Kircanski et al., 2012). However, in both studies variability in fear
responding during exposure was a predictor of superior outcomes irrespective of treatment condition.
Thus, while some findings suggest that learning to tolerate varying
levels of fear during exposure enhances long-term outcomes for some
anxiety-related problems, replication and extension is needed to clarify
these mixed results and investigate their applications beyond more
circumscribed fears. In the present study, we examined this question

through a preliminary application to exposure therapy for unacceptable
obsessional thoughts (i.e., regarding sex, immorality, religiosity, or
harm), the presentation of OCD most associated with attenuated outcomes (e.g., Williams et al., 2014). Considering such obsessions often
intrude abruptly without identifiable external triggers and are associated with elevated intolerance of uncertainty (e.g., Jacoby, Fabricant,
Leonard, Riemann, & Abramowitz, 2013), individuals with these obsessions may especially benefit from interventions that maximize surprise, variability, and uncertainty during exposure.
Accordingly, the current preliminary study compared the processes
and short- and long-term outcomes of gradual (EXP-G) and variable
(EXP-V) exposure for unacceptable obsessional thoughts. The two interventions were intentionally brief and specific (i.e., targeting one
obsessional thought) to maximize internal validity. First, we hypothesized that EXP-V would demonstrate superior outcome relative to EXPG at 3-month follow-up, but not immediately post-treatment (given that
the benefits of variable exposure emerged at later assessments; Lang &
Craske, 2000). Second, we predicted that within-session fear variability,
but not habituation, would predict changes in obsessional symptoms at
post-treatment and follow-up across conditions. Finally, we examined
the feasibility of conducting variable exposure with this sample, predicting that EXP-V would demonstrate comparable treatment credibility and satisfaction to EXP-G.
2. Method
2.1. Participants
Participants were 40 adults with an unacceptable obsessional
thought pertaining to sex, immorality, religion, or harm (See Table 1)
who responded to study advertisements near a university in the
southeastern United States from September 2015–May 2016. We used
an analogue sample of individuals with at least moderate obsessionrelated distress, but did not require a diagnosis of OCD given that: (a)
80–99% of the population experiences unwanted thoughts similar in
content to clinical obsessions (e.g., Radomsky et al., 2014), and (b)
“clinical” and “non-clinical” obsessions are associated with the same
developmental and maintenance factors that can be targeted in exposure-based treatments (Abramowitz et al., 2014). A phone screen
confirmed the presence of the obsession and ruled out unwanted
thoughts related to traumatic events, body image, or generalized worry.
The distress item from the Anxiety and Related Disorders Interview
Schedule identified thoughts that provoked at least moderate distress
(i.e., score ≥ 4; Brown & Barlow, 2014) from 0 (none) to 8 (extreme).
Participants taking psychiatric medications (n = 13) were on a
stable dosage for at least 30 days before beginning the study. Exclusion
criteria were: (a) previous exposure-based CBT; (b) current suicidal
ideation (score > 1 on the suicidality item of the Beck Depression
Inventory [BDI-II]; Beck, Steer, & Brown, 1996), current substance use
disorder, mania or psychosis (Mini-International Neuropsychiatric Interview [MINI]; Sheehan et al., 1998); (c) current anxiolytic or stimulant medication; (d) heart, respiratory, or neurological condition; or (e)
pregnancy. See Fig. 1 for a CONSORT diagram of study enrollment.
2.2. Measures
The Yale-Brown Obsessive-Compulsive Scale (Y-BOCS;
Goodman, Price, Rasmussen, & Mazure, 1989) is an interview measure
of OCD symptoms that includes a symptom checklist and a 10-item
severity scale assessing obsessions (items 1–5) and compulsions (6–10)
along the following parameters: time, interference, distress, resistance,
and control (total scores 0–40). The measure has good reliability, validity, and sensitivity to change following treatment; α = 0.88 in the
present sample.
The Dimensional Obsessive-Compulsive Scale–Unacceptable
Thoughts (DOCS-UT; Abramowitz et al., 2010) is a self-report measure

1
Of note, these concepts are consistent with inhibitory learning models of
exposure therapy (Craske et al., 2008).
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Table 1
Socio-demographic and baseline clinical characteristics of the sample by EXP group.

Recruitment, % PSYC 101 (n)
Age (years), M (SD)
Gender, % female (n)
Race, % (n) a
African American or Black
White or Caucasian
Asian
Biracial or Multiracial
Ethnicity, % Hispanic or Latino/a (n)
Years of Education, M (SD)
Y-BOCS clinical cut-off
Primary obsessional thoughts
Violence, aggression, or harm
Immorality
Sex
Religion
Other
Compulsions and neutralizing strategies
Suppression
Distraction
Reassurance-seeking (i.e., from self or others)
Analyzing
Neutralizing (or “canceling out”)
Other (e.g., praying, mental reviewing, deep breathing)
Avoiding the thought and things that trigger it

Total sample
N = 40

EXP-G n = 19

EXP-V n = 21

Test for difference

47.5% (19)
24.85 (8.68)
70.0% (28)

36.8% (7)
26.58 (9.38)
63.2% (12)

57.1% (12)
23.29 (7.89)
76.2% (16)

12.5% (5)
62.5% (25)
15.0% (6)
10.0% (4)
7.5% (3)
15.35 (3.41)
77.5% (31)

10.5% (2)
63.2% (12)
10.5% (2)
15.8 (3)
10.5 (2)
16.32 (3.64)
68.4% (13)

14.3% (3)
61.9% (13)
19.0% (4)
4.8% (1)
4.8 (1)
14.48 (3.01)
85.7% (18)

χ2(1) = 1.64, p = .20, φ = .21
t(38) = 1.21, p = .24, d = .38
χ2(2) = 0.92, p = .63, φ = .15
χ2(1) = 0.01, p = .94, φ = .01

t (38) = 1.75, p = .09, φ = .55
χ2(1) = 1.71, p = .19, φ = .21

67.5% (27)
17.5% (7)
7.5% (3)
2.5% (1)
5% (2)
87.5% (35)
87.5% (35)
75.0% (30)
75.0% (30)
45.0% (18)
25.0% (10)
50% (20)

Note. EXP-G = Gradual Exposure group; EXP-V = Variable Exposure group; Y-BOCS = Yale-Brown Obsessive Compulsive Scale.
a
Chi-square for participant race compares percentages of white vs. non-white participants due to small sample size of certain racial and ethnic groups (ns < 5).

(1) treatment rationale credibility (CEQ-C) is cognitively based (e.g.,
“How logical does the therapy offered to you seem?”), and (2) treatment
expectancy (CEQ-E) is emotionally based (e.g., “How much do you really
feel that therapy will help you to reduce your symptoms?”). The CEQ
demonstrates adequate internal consistency and test-retest reliability
(Devilly & Borkovec, 2000); α = 0.73-0.79 in the present sample.
The Client Satisfaction Questionnaire (CSQ; Nguyen, Attkisson, &
Stegner, 1983) is a widely used 8-item measure of treatment satisfaction
(total scores 8–32). The CSQ demonstrates high internal consistency, as
well as criterion and construct validity (Nguyen et al., 1983). It has been
used in studies examining patient satisfaction with exposure therapy
(Tolin, Diefenbach, & Gilliam, 2011); α = 0.92 in the present sample.

of clinical severity of the unacceptable thoughts (UT) OCD symptom
dimension. Respondents rate symptoms on time occupied, avoidance
behaviors, distress, functional interference, and difficulty disregarding
obsessions and resisting compulsive urges (total scores 0–20). The
DOCS has good reliability and converges well with other OCD symptom
measures; α = 0.86 in the present sample.
We adapted the Behavioral Approach Test (BAT) developed by
Steketee, Chambless, Tran, and Worden (1996) as an in vivo measure of
participants’ responses to their target obsession. Participants were instructed to complete as many of the following tasks as they could: (a)
State the thought aloud, (b) Write the thought on a piece of paper, (c)
Write the thought on your hand in ink, (d) Say “I will never know for
certain whether one day [the thought] might come true,” and (e) Say “I
hope and pray [the thought] comes true.” Participants informed the
experimenter if there were any tasks they did not wish to complete
because they were too difficult. Participants also reported after each
step if they performed a neutralizing ritual from a list of options (e.g.,
distraction), and the number of steps participants completed without
ritualizing was calculated (0–5).
Fear level was monitored using the Subjective Units of Distress
Scale (SUDS; Wolpe, 1973) from 0 (no distress/fear/anxiety) to 100 (extreme distress/fear/anxiety). Participants provided SUDS ratings after
completing each BAT step, as well as every minute during exposures.
From these ratings, we calculated average SUDS levels across the five
BAT tasks; α = 0.93 in the present sample. Skin Conductance Level
(SCL; via two electrodermal activity [EDA] silver-silver chloride [Ag/
AgCl] adhesive electrodes [11 mm diameter contact] filled with electrolyte gel [0.5% chloride salt] placed on the medial segments of the
index and middle fingers of the participant's non-dominant hand) and
Heart Rate (HR; via three electrocardiogram [ECG] silver-silver chloride
[Ag/AgCl] adhesive electrodes [11 mm diameter contact] filled with
electrolyte gel [7% chloride salt] placed on the participant's torso in the
standard Right Arm - Left Arm - Left Leg [RA-LA-LL] configuration) were
measured using the BioPac MP150 as objective physiological measures of
fearful responding (i.e., arousal) during the BAT and exposure sessions.
The Credibility/Expectancy Questionnaire (CEQ; Devilly &
Borkovec, 2000) is a 6-item measure with two subscales (3 items each):

2.3. Procedure
Overview. Participants attended four twice-weekly intervention
sessions and two follow-up visits: (a) baseline assessment (PRE, 30 min)
followed by psychoeducation and exposure list generation (Session 1,
30 min); (b) three exposure sessions (Sessions 2–4, 45–60 min each),
with the last exposure session followed by post-assessment (POST,
30 min); and (c) two follow-up assessments 1- and 3-months after post
(1MFU and 3MFU, 30 min each). On the day of appointments, participants were asked to refrain from using the following due to their effects
on physiological measures: (a) alcohol, recreational drugs, anti-anxiety,
sleep, or stimulant medications, and (b) caffeinated or tobacco products
two hours prior to the session.
Session 1. Following informed consent, an independent evaluator
(IE) blind to experimental condition administered the MINI and BDI-II
to determine eligibility, as well as the Y-BOCS, DOCS-UT, and BAT.
Participants were then randomly assigned in parallel (1:1; via a computerized random number generator with a concealed allocation sequence) to either gradual (EXP-G; n = 19) or variable (EXP-V; n = 21)
exposure. Next, a doctoral-level experimenter provided psychoeducation about the cognitive-behavioral conceptualization of obsessions and
the rationale for EXP from one of two perspectives. In EXP-G, the rationale emphasized the goal of fear reduction via habituation (e.g., 50%
reduction in SUDS). In EXP-V, the rationale emphasized exposure to
56
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Fig. 1. CONSORT flow diagram.

varying levels of fear to practice fear tolerance and maximize surprise.
Both rationales emphasized the importance of refraining from maladaptive safety behaviors (e.g., distraction, thought suppression) which
interfere with the learning process. The experimenter and participant
collaboratively generated a list of nine exposure stimuli, categorized by
the intensity of distress they were anticipated to provoke (three each
mild, moderate, and high intensity).
Sessions 2–4. After attaching the EDA/ECG electrodes, participants
read a neutral reading comprehension passage (i.e., about science discoveries; 8th grade reading level) for three minutes while physiological
data (ECG, GSR) were collected to determine baseline physiological
responding. SUDS were also recorded every minute. Sessions then

included three experimenter-guided exposures lasting eight minutes
each (SD = 1 min). In EXP-G, exposure proceeded hierarchically from
mildly, to moderately, to highly intense stimuli so that intensity gradually built between (but not within) sessions. In EXP-V, the exposure
stimuli were chosen at random so that mild, moderate, and high intensity exposures could occur in any order. This aimed to maximize
uncertainty, variability in exposure intensity, and variability in corresponding physiological arousal. In both conditions, the experimenter
helped the participant refrain from anxiety-reducing rituals by periodically inquiring if they were using any of the previously identified
safety behaviors to remove or control the thought. Session 4 also included a discussion of relapse prevention.
57
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Post and follow-up visits. The POST, 1MFU, and 3MFU assessment
visits were conducted by an IE who remained blind to EXP condition
and included the administration of the previously described measures.
After the final visit, participants were debriefed and provided with referrals.

Participants thought the treatment rationales were “somewhat” to
“very” logical and expected to see 50% reduction in symptoms. Similarly, there were no differences in how satisfied participants were
with the intervention they received, t(33) = −0.79, p = .43,
d = −0.27 [95% CI: −0.95, 0.41]. Satisfaction levels approached
those of individuals receiving ERP in a clinical setting
(Ms = 29.00–29.92; Tolin et al., 2011).
Five participants (13.3%) dropped out prematurely from the study
and all were in the EXP-G condition. Specifically, 1 dropped after the
first session (i.e., before beginning any exposures) and the other 3
dropped after Session 2 (i.e., between the first and second exposure
sessions). Each stated a logistical reason for dropping (e.g., time commitment) and 2 participants mentioned that the tasks were “anxietyprovoking” as a reason for discontinuing.
Exposure Process Characteristics. There were no group differences in the duration of exposure exercises: EXP-G: 8.31 min
(SD = 1.21) vs. EXP-V: 7.98 min (SD = 0.70); t(37) = 1.04, p = .31,
d = 0.34, 95% CI [-0.30, 0.97]. As a manipulation check of variability,
we calculated the number of times exposure intensity changed for the
two groups. For participants in the EXP-G group, exposure intensity
increased twice (from mild to moderate and from moderate to high
intensity). For participants in the EXP-V group, exposure intensity
changed 6.05 times on average (SD = 1.28; range = 4–8), which was
significantly higher; t(20) = −14.45, p < .001, d = −4.30, 95% CI
[-5.34, −3.09].

2.4. Data analytic strategy
Power. With a sample of 40 participants we have 80% power to
detect significant group differences at follow-up between gradual vs.
variable exposure at the .05 level if the true effect size is 0.91 or greater,
which is comparable to previous studies reporting effects of 0.94 (e.g.,
Lang & Craske, 2000).
Data Reduction. The following calculations were made consistent
with previous research (e.g., Kircanski et al., 2012) to summarize the
fear indices: (a) Baseline Fear: average SUDS, SCL, and HR during the
3 min baseline (before the first EXP task was described); (b) Mean Fear:
average SUDS, SCL, and HR, (c) Within-session habituation (WSH):
peak fear level (i.e., highest SUDS, SCL and HR for each EXP session)
minus final fear level (i.e., final SUDS rating and mean SCL and HR for
the final minute), and (d) Fear variability: intra-individual standard
deviation (ISD) of fear (as measured by SUDS, SCL, and HR). Each of
these values was calculated within session and then averaged across the
3 EXP sessions.
Multi-level Models. Analyses were intention-to-treat and involved
all participants who were randomly assigned. Due to the nested structure of the data, we used multi-level modeling (MLM) with compound
symmetric error structures. Model predictors included: (a) experimental
condition (Level 2; EXP-G vs. EXP-V; dummy coded 0 and 1 respectively, such that a main effect of condition suggests an effect of EXP-V
above and beyond EXP-G), (b) EXP indices of habituation and fear
variability (Level 2; WSH and ISD averaged across the 3 EXP sessions),
and (c) session number (Level 1; nominally coded; i.e., making no assumptions about the time spacing between sessions). Outcome measures included: (a) interview (i.e., Y-BOCS), (b) self-report (i.e., DOCSUT), and (c) behavioral (i.e., mean SUDS; number of BAT steps completed without ritualizing) indices.

3.2. Multi-level models
Level 1 and Level 2 residuals were normally distributed and
homoscedastic and there were no problematic trends in the data. Effect
size calculations include: (a) Standardized Mean Gain (ESsg) for paired
samples to compute PRE-POST and PRE-3MFU effect sizes, and (b)
Cohen's d calculations to compute between groups effect sizes at POST
and 3MFU (i.e., for EXP-V compared to EXP-G). Figs. 2–5 graphically
depict changes in outcomes over time.2
Overall Exposure Outcomes. As an initial test of EXP efficacy,
we examined whether EXP conditions combined produced significant
immediate (PRE-POST) and longer-term (POST-3MFU) reductions in
obsessional symptoms (using planned comparisons to test whether
changes were significantly different from zero). Simple contrasts
indicated that there were significant changes from PRE-POST, with
large effect sizes for all four outcome measures in the expected directions (See Table 3).3 Additionally, there continued to be significant decreases from POST-3MFU for Y-BOCS and DOCS-UT (but
not for BAT mean SUDS levels or BAT steps completed without ritualizing).
Hypothesis 1. To test our first hypothesis, we used planned comparisons to examine whether experimental condition (EXP-G vs. EXP-V)
predicted changes in each of the four outcome measures from PREPOST and POST-3MFU (i.e., two-way cross-level EXP condition × time
interactions). First, simple contrasts were not significant when comparing the difference between the EXP-G and EXP-V changes from PREPOST for the four outcome measures (See Table 3). From POST-3MFU,
the simple contrast approached significance (p = .056) when comparing the difference between the EXP-G and EXP-V changes in Y-BOCS
score (model estimated difference in changes = 4.44 points).

3. Results
3.1. Baseline characteristics and group comparisons
Clinical characteristics of unacceptable thoughts. The most
common obsessional themes (See Table 1) concerned violence, aggression, or harm (e.g., image of stabbing a loved one), followed by
thoughts of immoral behavior (e.g., urge to yell derogatory comments).
The majority of the sample was above the clinical cut-off of 16 on the YBOCS at PRE (Goodman et al., 1989). Compulsions and neutralizing
strategies reported also appear in Table 1.
Examination of pre-treatment clinical measures. As seen in
Table 1, randomization produced two comparable groups without any
statistically significant differences on our sociodemographic variables
(i.e., differences were small in magnitude). Group means for study
measures at all assessment points appear in Table 2. PRE Y-BOCS and
DOCS-UT scores indicated moderate severity of obsessions and compulsions. On average, participants experienced mild levels of depression
and moderate distress during the BAT. Independent samples t-tests revealed no significant group differences at PRE on any measure (all
ps > .20, ds < −0.49), thus ensuring that randomization successfully
produced two equitable groups.
Group comparisons of treatment credibility/expectancy, satisfaction, and drop-out. Group means for the CEQ and CSQ also
appear in Table 2. There were no differences on participant-rated
credibility of the two exposure rationales, t(37) = 0.06, p = .95,
d = 0.02 [95% CI: −0.61, 0.65], or their expectancies of improvement, t(37) = 0.63, p = .53, d = 0.20 [95% CI: −0.43, 0.83].

2
MLM analyses include both 1MFU and 3MFU data in the models. For the
sake of parsimony, interpretation of results focuses on the long-term (i.e., 3month) follow-up outcomes. There were no significant changes in scores from
POST to 1MFU except that DOCS-UT scores significantly decreased for the EXPV group only (p = .02).
3
Significant decreases in Y-BOCS, DOCS-UT, and BAT mean SUDS levels, and
significant increases in BAT number of steps completed without ritualizing
(indicating improvements in treatment).
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Table 2
Descriptive statistics for clinical measures by EXP group and time point.
EXP-G Group

Y-BOCS
DOCS-UT
BAT
SUDS
Steps completed without ritualizing
CEQ
Credibility
Expectancya
CSQ

EXP-V Group

PRE n = 19

POST n = 14

1MFU n = 13

3MFU n = 14

PRE n = 21

POST n = 21

1MFU n = 20

3MFU n = 19

18.53 (6.47)
7.21 (3.26)

10.71 (6.46)
4.93 (3.50)

12.92 (5.56)
4.15 (2.23)

11.50 (6.96)
4.00 (2.45)

18.29 (3.27)
7.19 (2.38)

11.38 (5.78)
3.71 (2.41)

9.00 (5.73)
2.45 (2.42)

7.79 (5.06)
2.42 (2.59)

39.55 (18.98)
2.53 (1.54)

14.90 (11.86)
3.71 (1.64)

14.44 (13.83)
3.33 (1.61)

12.07 (11.43)
4.00 (1.24)

48.12 (21.42)
2.33 (1.43)

21.12 (16.36)
3.81 (1.21)

20.38 (18.32)
3.70 (1.63)

16.09 (13.68)
3.26 (1.56)

18.37 (3.80)
0.29 (3.35)

18.30 (3.54)
−0.28 (2.16)

25.07 (4.01)

26.29 (4.70)

Note. EXP-G = Gradual Exposure group; EXP-V = Variable Exposure group; Y-BOCS = Yale-Brown Obsessive Compulsive Scale; DOCS-UT = Dimensional ObsessiveCompulsive Scale–Unacceptable Thoughts; BAT = Behavioral Approach Test; SUDS = Subjective Units of Distress Scale; CEQ = Credibility/Expectancy
Questionnaire; CSQ = Client Satisfaction Questionnaire.
a
CEQ-E scores are calculated by standardizing the items to z-scores before summing to create an expectancy score.

Fig. 2. Changes in Y-BOCS scores by EXP group.

Fig. 3. Changes in DOCS-UT scores by EXP group.
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Fig. 4. Changes in BAT Mean SUDS by EXP group.

Fig. 5. Changes in BAT Number of Steps Completed without Ritualizing by EXP group.

Specifically, although Y-BOCS scores did not change significantly from
POST-3MFU for the EXP-G group, t(93) = 0.45, p = .66, ESsg = −0.12,
95% CI [-0.80, 0.57], scores did decrease significantly for the EXP-V
group, t(93) = −2.47, p = .015, ESsg = 0.69, 95% CI [0.12, 1.27].
Similarly, although DOCS-UT scores did not change significantly from
POST-3MFU for the EXP-G group, t(93) = −1.44, p = .15, ESsg = 0.30,
95% CI [-0.23, 0.83], scores did decrease significantly for the EXP-V
group, t(93) = −2.32, p = .02, ESsg = 0.51, 95% CI [0.10, 0.93].
Simple contrasts were not significant, however, when comparing the
difference between EXP-G and EXP-V changes from POST-3MFU for the
DOCS-UT or the final two outcomes (i.e., BAT mean SUDS and BAT
steps completed without ritualizing).
Clinically significant change. We used the Jacobson and Truax
method (1991) to determine the number of participants in each group
that (a) achieved end-state functioning within the non-clinical distribution of Y-BOCS scores (Frost, Steketee, Krause, & Trepanier, 1995);
i.e., below the cutoff score of 13.5 using Method c (Jacobson & Truax,
1991, p. 13), and (b) demonstrated reliable change of 6.33 points (p.

14). All dropouts were scored as unimproved and included in a full
intent-to-treat analysis.4 The number of patients in EXP-G vs. EXP-V
that attained clinically significant and reliable change was not significantly different at post-treatment, but significantly more participants in the EXP-V group met this criterion with a moderate effect size
at follow-up (See Table 4).
Hypothesis 2. To test our second hypothesis, we fit models including: (a) session number, (b) pre-treatment scores and baseline fear
measures (i.e., SUDS, SCL, or HR during the 3-min baseline) as

4
If participants who dropped from treatment or were lost to follow-up were
not included in analyses (n = 33), at posttreatment, 6 (42.9%) patients in the
EXP-G condition and 8 (42.1%) in the EXP-V condition attained both clinically
significant and reliable change; these proportions were not significantly different, χ2(1) = 0.002, p = .97, φ = −0.01. At follow-up, this status was attained by 7 (50%) patients in the EXP-G condition and 15 (78.9%) in the EXP-V
condition; the proportions were not significantly different, χ2(1) = 3.04,
p = .08, φ = 0.30.
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Note: *p < .05; **p < .001. EXP-G = Gradual Exposure group; EXP-V = Variable Exposure group; Y-BOCS = Yale-Brown Obsessive Compulsive Scale; DOCS-UT = Dimensional Obsessive-Compulsive
Scale–Unacceptable Thoughts; BAT = Behavioral Approach Test; SUDS = Subjective Units of Distress Scale. Effect size calculations include: (a) Standardized Mean Gain (ESsg) for paired samples to compute PRE-POST
and PRE-3MFU effect sizes, and (b) Cohen's d calculations to compute between groups effect sizes at POST and 3MFU (i.e., for EXP-V compared to EXP-G).

0.63 [−0.10, 1.32]
0.62 [−0.10, 1.31]
−0.31 [−1.01, 0.40]
0.51 [−0.22, 1.22]
1.94
0.40
0.47
1.62
−0.11 [−0.78, 0.57]
0.42 [−0.27, 1.10]
−0.42 [−1.10, 0.27]
−0.07 [−0.75, 0.61]
−0.48
1.10
0.89
−0.75
3.16*
3.74*
1.31
1.58
1.35 [0.87, 1.83]
1.11 [0.71, 1.51]
1.26 [0.82, 1.71]
−0.91 [−1.27,−0.54]
Y-BOCS
DOCS-UT
BAT SUDS
BAT Steps completed without ritualizing

22.97**
30.34**
40.95**
16.76**

1.63 [1.01, 2.25]
1.52 [1.04, 2.00]
1.56 [0.98, 2.15]
−0.75 [−1.14,−0.35]

PRE-POST t-statistic
POST-3MFU
F-statistic
PRE-POST
ESsg [95% CI]
PRE-POST
F-statistic

Both EXP Groups Combined

Table 3
Multi-level model planned comparisons and effect sizes.

PRE-3MFU
ESsg [95% CI]

EXP-G vs. EXP-V

POST d [95% CI]

POST-3MFU t-statistic

3MFU d [95% CI]

R.J. Jacoby, et al.

Table 4
Clinically significant and reliable change using primary outcome measure (YBOCS).

Post-treatment
3-month follow-up

EXP-G

EXP-V

Test for difference

31.6% (6)
36.8% (7)

47.6% (10)
81.0% (17)

χ2(1) = 1.07, p = .301, φ = .17
χ2(1) = 8.09, p = .004, φ = .45

Note: EXP-G = Gradual Exposure group; EXP-V = Variable Exposure group; YBOCS = Yale-Brown Obsessive Compulsive Scale.
Table 5
Subjective and psychophysiological variability and within-session habituation
as predictors of outcome.
t

p

DV: Y-BOCS
Model 1: Covariates: PRE Y-BOCS, baseline SUDS
ISD SUDS
1.16
0.25
WSH SUDS
−1.31
0.19
Model 2: Covariates: PRE Y-BOCS, baseline SCL
ISD SCL
−1.33
0.19
WSH SCL
−0.61
0.54
Model 3: Covariates: PRE Y-BOCS, baseline HR
ISD HR
−0.40
0.69
WSH HR
−0.25
0.80
DV: DOCS-UT
Model 1: Covariates: PRE DOCS-UT, baseline SUDS
ISD SUDS
0.47
0.64
WSH SUDS
−1.10
0.27
Model 2: Covariates: PRE DOCS-UT, baseline SCL
ISD SCL
−1.08
0.28
WSH SCL
0.28
0.78
Model 3: Covariates: PRE DOCS-UT, baseline HR
ISD HR
−0.18
0.86
WSH HR
0.82
0.42
DV: BAT SUDS
Model 1: Covariates: PRE BAT SUDS, baseline SUDS
ISD SUDS
2.27
0.03*
WSH SUDS
−1.46
0.15
Model 2: Covariates: PRE BAT SUDS, baseline SCL
ISD SCL
−0.12
0.91
WSH SCL
−0.44
0.66
Model 3: Covariates: PRE BAT SUDS, baseline HR
ISD HR
0.16
0.88
WSH HR
−0.63
0.53

d

0.24
−0.27
−0.28
−0.13
−0.08
−0.05

0.10
−0.23
−0.23
0.06
−0.03
0.17

0.47
−0.30
−0.03
−0.09
0.03
−0.13

DV: BAT steps completed without ritualizing
Model 1: Covariates: PRE BAT steps completed without ritualizing, baseline SUDS
ISD SUDS
−1.30
0.20
−0.27
WSH SUDS
0.59
0.56
0.12
Model 2: Covariates: PRE BAT steps completed without ritualizing, baseline SCL
ISD SCL
3.18
0.002*
0.68
WSH SCL
−0.29
0.78
−0.06
Model 3: Covariates: PRE BAT steps completed without ritualizing, baseline HR
ISD HR
0.21
0.83
0.04
WSH HR
1.56
0.12
0.33

Note: *p < .05; DV = Dependent Variable; Y-BOCS = Yale-Brown Obsessive
Compulsive Scale; ISD = Intra-individual Standard Deviation; WSH = Withinsession
Habituation;
DOCS-UT = Dimensional
Obsessive-Compulsive
Scale–Unacceptable Thoughts; BAT = Behavioral Approach Test; SUDS =
Subjective Units of Distress Scale; SCL = Skin Conductance Level; HR = Heart
Rate.

covariates, and (c) fear variability (ISD) and within-session habituation
(WSH) as time-invariant predictors (i.e. averaged across EXP sessions).
A separate model was tested for each of the three fear measurements
(i.e., SUDS, SCL, and HR) for each of the four outcome variables.
As displayed in Table 5, after controlling for PRE Y-BOCS scores and
baseline SUDS, ISD and WSH SUDS did not significantly-predict Y-BOCS
scores. Similarly, after controlling for PRE Y-BOCS scores and baseline
SCL, ISD and WSH SCL did not significantly-predict Y-BOCS scores.
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Finally, after controlling for PRE Y-BOCS scores and baseline HR, ISD
and WSH HR did not significantly-predict Y-BOCS scores. Null results of
models with the other three outcomes (i.e., DOCS-UT, BAT mean SUDS,
BAT steps completed without ritualizing) parallel those of the Y-BOCS,
and thus numeric results are summarized in Table 5.5

Second, although analogue studies are useful for testing the application of fundamental scientific principles (Vervliet, Craske, & Hermans,
2013), the extent to which our findings generalize to clinical populations
is unknown. Third, the current study did not assign homework exercises
between sessions (as is traditionally done in clinical settings), given that
homework compliance is predictive of treatment outcome (e.g.,
Abramowitz, Franklin, Zoellner, & DiBernardo, 2002), and we did not
want to introduce a confounding factor that might have better accounted
for the results. However, future investigations could examine whether
encouraging participants to incorporate variability into their exposure
practice between sessions in different environmental contexts would
demonstrate more robust effects.
Fourth, participants in the current study had not previously received
CBT for anxiety (to simplify interpretation, as a null result could emerge
either due to an ineffective treatment or due to the difficulty of treating
refractory patients). However, it would be worth examining methods for
optimizing exposure therapy among individuals that have previously failed
standard CBT. Fifth, while we were sufficiently powered to detect large
effects, more modest effects could not have been detected with our sample
size. Thus, future research with larger samples would be warranted to
determine whether variable exposure might optimize treatment for OCD
(e.g., 64 per group to detect moderate effects 0.50 or greater with 80%
power). Finally, research should extend the assessment period to determine
whether outcomes might continue to diverge at a later time point.
A question for future investigation is whether gradual vs. variable
exposure influences beliefs about one's self-efficacy to approach feared
stimuli. All five participants who withdrew from this study received
gradual exposure, two cited high levels of anxiety as a reason for discontinuing, and four dropped out between the low and moderate intensity sessions. Research on whether gradual exposure perpetuates
“fear of fear” could use ecological momentary assessment to elucidate
the relation between pre-session anticipatory anxiety and session attendance. Additionally, there may be important moderators of outcome
not considered in the current study. For example, individuals with high
levels of intolerance of uncertainty might particularly benefit from interventions that maximize variability and uncertainty during exposure.
Consistent with precision medicine initiatives, research on such moderators could help therapists “prescribe” gradual vs. variable exposure
depending on patients' pre-treatment levels.
Finally, the current study indicates that clinicians may have more
flexibility in the order of exposure tasks during ERP (versus needing to
follow a hierarchy). One potential adaptation of the methods in the
present study to clinical settings would be for patient and therapist to
agree on a subset of exposure items to be randomly selected if the patient were not yet willing to confront all items on the list. Furthermore,
exposures could be selected based on life interference (i.e., values),
which is consistent with Acceptance and Commitment Therapy (Twohig
et al., 2018). Conducting exposures in this manner allows patient values
to drive treatment, introduces desirable difficulties, and does not overrely on habituation of anxiety.

4. Discussion
In the present study, both gradual and variable exposure led to significant reductions in obsessional symptoms with large pre-to posttreatment effect sizes that were maintained (or further increased) at 3month follow-up. These results are consistent with meta-analytic findings
demonstrating the efficacy of ERP (Olatunji, Davis, Powers, & Smits,
2013). Although the percentage of participants who achieved clinically
significant change was low, the intervention was designed to be brief and
specific (i.e., 4 sessions) versus the typical 16-session dose of ERP.
For our first hypothesis, we found no statistically significant differences in the degree of improvement between the two conditions.
These results are in line with null findings from past studies comparing
gradual versus variable exposure for contamination fears (Kircanski
et al., 2012). Thus, exposure therapy might be highly effective regardless of the order in which stimuli are presented, and ceiling effects
limit the detection of differential outcomes. Of note, however, nonsignificant trends favoring variable exposure at 3-month follow-up (as
hypothesized) were observed for interview and self-report measures of
obsessional symptoms. Moreover, effect sizes comparing EXP-G vs. EXPV differences at 3-month follow-up (while not statistically significant)
were moderate in magnitude. Additionally, significantly more participants in EXP-V achieved clinically significant and reliable change at 3month follow-up relative to EXP-G. Thus, these preliminary findings
indicate that future study of how to enhance exposure with variability
may be warranted, as discussed further below.
For our second hypothesis, results were consistent with previous
findings that within-session habituation is not associated with clinical
outcomes (e.g., Baker et al., 2010; Meuret, Seidel, Rosenfield, Hofmann,
& Rosenfield, 2012) and bolster recommendations against relying solely
on fear reduction as an indicator of exposure outcome. Contrary to
theories that variability in subjective and physiological levels of fear
may optimize extinction learning, findings from previous studies (e.g.,
Kircanski et al., 2012), and our second hypothesis, however, no measure of fear variability during exposure consistently predicted outcome
(and effect sizes were small in magnitude).
Finally, participants in the two conditions expressed no differences
in the credibility of the treatment rationales (i.e., fear reduction vs.
tolerance), or in satisfaction with the intervention they received.
Previous studies (Arch, Twohig, Deacon, Landy, & Bluett, 2015) have
also demonstrated that participants perceive empirically-derived rationales for exposure to be similarly credible. These findings, therefore,
provide preliminary evidence contrary to clinician concerns that variable exposures would seem unappealing or even intolerable, at least in
comparable samples with moderate distress.
Although this study had several strengths such as a longitudinal
design and multi-method assessment, some caveats deserve discussion.
First, unlike more circumscribed fears/phobias in which identifying
low, medium, and high intensity exposure items is more clear, obsessions are thematically heterogeneous and thus there are many ways that
variability can be induced. While this is a strength for studies seeking to
maximize variability during ERP, this also is a challenge since participants may not always anticipate which exposures will generate low,
moderate, and high fear levels.

Disclosure statement
The authors declare no conflict of interest.
Clinical trials registration
This study was registered on ClinicalTrials.gov [number
NCT03416504]. Since this was a preliminary pilot study with an analogue sample, we did not pre-register this study.
Funding source declaration

5

As can be seen, only two predictors emerged as significant after controlling
for the aforementioned variables in the model: (1) mean ISD SUDS was a significant predictor of BAT mean SUDS, and (2) mean ISD SCL was a significant
predictor of BAT mean number of steps completed without ritualizing.
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