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Abstract
Background and Objectives: The cognitive theorgarhpulsive checking in OCD proposes that
checking behaviour is maintained by maladaptivéekglincluding those related to inflated
responsibility and those related to reduced memonfidence. This study examined whether
and when specific interventions (as part of a negndive therapy for compulsive checking)
addressing these cognitive targets changed featihigssponsibility and memory confidence.
Methods: Participants were nine adults with a printa secondary diagnosis of OCD who
reported significant checking symptoms (at leagt loour per day) on the Yale-Brown
Obsessive-Compulsive Scale. A single-case mulbpkeline design was used, after which
participants received 12 sessions of cognitiveajer From the start of the baseline period
through to the 1 month post-treatment follow-upeasment session, participants completed
daily monitoring of feelings of responsibility, meny confidence, and their time spent engaging
in compulsive checking.
Results: Results revealed that feelings of respditgisignificantly reduced and memory
confidence significantly increased from baselinerimediately post-treatment, with very high
effect sizes. Multilevel modelling revealed sigo#nt linear changes in feelings of responsibility
(i.e., reductions over time) and memory confidefi@e, increases over time) occurfetowing
the sessions when these were addressed. Finallfipund that improvements in these over the
course of the treatment significantly predicteduct time spent checking.
Limitations: The small sample size limits our alyilio generalize our results.
Conclusions: Results are discussed in terms ofasfon the timing of change in cognitive

therapy.
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When it’s at: An examination afhencognitive change occurs during cognitive therapy

Obsessive-compulsive disorder (OCD) is charaadrizy recurrent obsessions and/or
compulsions that are time-consuming (lasting adtleae hour per day) and cause marked
distress and/or significant impairment in functimgn{American Psychiatric Association, 2013).
It is a common psychiatric disorder, estimatedfteca 0.5 to 3.5% of the population (Angst et
al., 2004; Grabe et al., 2000; Ruscio, Stein, Chiessler, 2010), and the associated impact on
quality of life (e.g., impaired work functioning @fiamily dysfunction; Norberg, Calamari,
Cohen, & Riemann, 2008) has led OCD to be considergighly disabling condition (Bobes et
al., 2001; Murray, Lopez, & World Health Organizetj 1996).

Compulsive checking is the most common form of Q@a study by Foa et al. (2005),
compulsive checking was the most prevalent compuiland was reported by 28.8% of patients,
followed closely by compulsive washing (26.5%).islugh a majority of individuals with OCD
engage in checking behaviosompulsivechecking is commonly understood as extreme and
often incapacitating attempts to reduce distresgrbyenting harm from occurring to oneself
and/or others. Typical examples include repeatelicking that potentially threatening objects
(e.g., kitchen appliances) are safe, frequentlyaeing the route that one has driven to confirm
that one has not killed or injured a pedestrian, r@petitively checking that the doors and
windows are securely closed. Importantly, compesiiecking can be immensely time
consuming (Radomsky, Shafran, Coughtrey, & Rach®@@hQ), requiring hours to complete
each day, which is frustrating for the individuas (vell as their friends and family) and
significantly disrupts their everyday functioning.

The cognitive theory of compulsive checking wagpmsed by Rachman (2002) as an

attempt to explain why and when checking behavimoomes compulsive, and to explain how



compulsive checking is maintained. According t tiieory, three cognitive components cause
compulsive checking and are therefore targetsréatinent: a) inflated estimates/perceptions of
the probability of a misfortune (e.g., that a fire is likely to teused by a stove), b) inflated
estimates/perceptions of teeriousnessf the predicted misfortune (e.g., that a firesslby a
stove will do serious and significant damage), @nan inflated sense of personasponsibility
(e.g., that the individual feels personally resplolesn preventing the fire from occurring).
Inflated responsibility is proposed to amplify estites/perceptions of the probability and
seriousness of the feared misfortune and is thexefdey target of treatment (Rachman, 2002).
The theory then proposes that the checking behageused by these cognitive components
paradoxically increases feelings of responsibiliéguces confidence in one’s memory for the
check (which in turn leads to negative beliefs dboemory; Alcolado & Radomsky, 2016) and
impairs attention, which promotes further checkimgreby maintaining compulsive checking in
a self-perpetuating cycle. As such, memorial dsgtaind impaired attention are also targets of
treatment.

Empirical support for this model has accumulateer edhe years, although the current
manuscript will focus only on two of its componeniglated responsibility and memory
distrust. Following its initial identification byakovskis (1985), the role of inflated
responsibility in compulsive checking has receiwade support (e.g., Arntz, Voncken, &
Goosen, 2007; Haring, 2005; Ladouceur, RheaumeyBl&%, 1997; Lopatka & Rachman, 1995;
Radomsky, Rachman, & Hammond, 2001; Shafran, 187den Hout & Kindt, 2004). To
summarize, deliberate increases in responsibitéyf@lowed by substantial increases in
compulsive checking. These results have been foupdtients with OCD (Arntz et al., 2007;

Lopatka & Rachman, 1995; Shafran, 1997) and incaned studies with non-clinical participants



(Haring, 2005; Ladouceur, Leger, Rheaume, & DuB8g). In the absence of significant levels
of responsibility, minimal or no checking occursafithg, 2005).

There is also consistent empirical support forghaposal that compulsive checking in
OCD is maintained by the following self-perpetugtmechanism: that checking reduces
confidence in memory which then increases checaimyso on (Rachman, 2002; Radomsky et
al., 2010). In a series of well-controlled expenmse van den Hout and Kindt (2003a, 2003b)
found that non-clinical participants instructedépeatedly check a virtual gas stove reported
significantly reduced vividness and confidencehigit memory for gas rings of the stove that
were checked. Importantly, memory accuracy diddiféer between groups. This relationship
between checking and reduced memory confidenceds replicated using a real (rather than
virtual) stove (Radomsky, Gilchrist, & Dussault0&) and in a clinical sample (Boschen &
Vuksanovic, 2007). In a further extension of thevetchecking task, Coles, Radomsky, and
Horng (2006) manipulated the number of checks peréa on this task and found that even
relatively low numbers of checks could decrease argroonfidence. More recently, Alcolado
and Radomsky (2011) manipulated beliefs about mgmod examined the consequent effects
on urges to check. Participants led to believettieit memories were poor or faulty reported
significantly greater urges to check compared ttigpants led to believe that their memories
were excellent; these experiments led to the pieting development of cognitive-behavioural
strategies to target negative beliefs about merandyenhance memory confidence (Alcolado &
Radomsky, 2016). Together, this research sugdeststrategies that help patients achieve an
accurate (and positive) view of their own memoriitas would be effective in reducing

compulsive checking.



To this end, we have developed a cognitively-bassstment package targeting
compulsive checking (described in Radomsky e8ll0 and in the Methods section). This
treatment follows from the cognitive theory of cantgive checking (Rachman, 2002) and
emphasizes interventions (particularly behavioargderiments) targeting the components
described above, including inflated responsibgityl the self-perpetuating mechanism of
memory distrust. Behavioural experiments are a itiwgty-driven treatment strategy in which
patients are asked to conduct an experiment inhwthiey alter their behaviour in order to
acquire new information about some aspect of fre@blem. These are arguably different from
behavioural treatment strategies for OCD such ps®xe and response prevention (ERP;
Franklin & Foa, 2011), which involves repeatedlpesing the patient to their obsessional
stimuli (e.g., inappropriate sexual thoughts, conitents) while encouraging them to not engage
in their compulsions (e.g., counting backwards,wagtheir hands) for prolonged periods of
time, with the primary goal of helping the patiéabituate to their obsessional anxiety and/or to
facilitate inhibitory learning (Craske, Treanor,r®ay, Zbozinek, & Vervliet, 2014). Compared
to ERP, behavioural experiments primarily emphasiizeacquisition of helpful information to
test the validity of a (maladaptive) belief, rathigan habituation to anxiety. As such, behavioural
experiments need not be carried out repeatedlyaentypically shorter than exposure exercises
(Bennett-Levy et al., 2004), which may be more ptadgle for patients. Although the
intervention strategies described in Radomsky.€R8l10) are theoretically-, and empirically-
based, there is a need for them to be evidencetbase

Most research examining the effectiveness of §ipanterventions do so in randomized
controlled trials where the outcomes of particigarceiving one treatment are compared against

those of participants receiving a similar treatmeith the novel interventions included. Indeed,



this type of components analysis is common in meat research for OCD and other
psychological disorders. Although this type of caments analysis can assess the effectiveness
(i.e., symptom reduction) and acceptability @raup of intervention strategies not shared by the
treatments being compared, it does not speak téhwher not anndividual intervention
strategy actually modifies its intended target whes introduced. This represents a novel way
to assess the effectiveness of an intervention avfticus on the nature and timing of proposed
mechanisms underlying the intervention. Few stubd@ése examined this facet of intervention
effectiveness, even though most cognitive and beheal treatment programs described in
randomized controlled trials are structured intcdrnible modules (typically centred on specific
intervention strategies), which are delivered mtilsir times across all participants receiving the
treatment. In honour of Arnoud Arntz’s outstandaagtributions to our understanding of
experimental psychopathology, and of critical p®jobical mechanisms underlying both the
expression and treatment of OCD, we are deligldedgort on our findings based on a single-
case design approach to the assessment of howlardesponsibility and memory confidence
change during a 12-session course of cognitivehyefor compulsive checking.
Aims and hypotheses

The aim of the current study was to assess whatiewhen specific cognitive
interventions targeting an inflated sense of resflity and decreased memory confidence
(within a new cognitive therapy for compulsive ckieg) produced changes in their targets on a
session-by-session basis through a multiple basslimgle-case design. We first hypothesized
that participants diagnosed with OCD who struggks wompulsive checking would experience
significant, marked, and sustained improvementsih inflated responsibility and memory

confidence during treatment. Importantly, for oecaend hypothesis, we expected that



improvements in these components would oeduenthey are directly addressed in therapy. For
our third hypothesis, we predicted that improvers@mthese components over treatment would
significantly predict reductions in time spent egigg in checking behaviour.
Method
Participants

Participants were recruited through local adventients and flyers in and around
Montreal clinics, as well as via online ads. Tteriendividuals that met DSM-IV criteria for an
OCD diagnosis and reported significant checkingsyms (at least one hour each day) as
assessed by the Yale-Brown Obsessive-Compulsiie §¢8B0OCS; Goodman et al., 1989),
were enrolled in this study. Exclusion criteria fbe study were the presence of psychotic
disorders, bipolar disorder, acute suicidality, andent substance abuse. Of the 13 participants,
1 was removed from the study due to alcohol abtheseliegan after the commencement of
treatment, 1 was removed due to washing/cleaningpgyms that exceeded the distress caused
by the checking symptoms. To minimize the potentitihlence of order effects on the
interpretation of our results, an additional 2 pgyants were removed from the statistical
analyses due to the therapists administering #atrtrent in a different sequence/order.
Participants received financial compensation ferdesessment sessions they attended (i.e.,
baseline, post-treatment, and 1 month follow-upju&bially, none of the participants was taking
any medication at the beginning and/or during theys The study was approved by the
institution’s ethics board, and participants pr@ddnformed consent to participate in the study.
Participants’ sociodemographic characteristicpaesented in Table 1.

Measures



Anxiety DisordersInterview Schedulefor DSM-IV (ADIS1V; Brown, diNardo, &
Barlow, 1994). This semi-structured interview assesses a varfatyment lifetime symptoms
associated with anxiety and other (e.g., mood, sofiman, substance abuse, psychotic) disorders
(including OCD), according to DSM-IV criteria (Amean Psychiatric Association, 2000). The
ADIS-IV has been widely used in both clinical aedearch contexts and it has been
demonstrated to have good to excellent inter-rafebility when assessing depressiers(

0.67) and OCD« = 0.85) (Brown, diNardo, Lehman, & Campbell, 2004l) interviewers on

the ADIS-IV had an undergraduate degree in psygyoémd/or were completing graduate level
studies in clinical psychology. Interviewers re@elwigorous training on the ADIS-IV and were
required to match with another interviewer’s prignand secondary diagnoses (as well as
severity ratings) made on 3 training videos and&ihterviews conducted with actual
participants. These interviews were administeratbuthe supervision of the first author (ASR),
who is a trained clinical psychologist. Interviewevere also blind to the treatment processes
that were being investigated in the current study.

Y ale-Brown Obsessive-Compulsive Scale (Y-BOCS; Goodman et al., 1989). This 10-
item clinician-administered measure consists of swscales, which assess the severity of
participants’ obsessions and compulsions, respagti®ubscale scores are summed to derive a
total Y-BOCS score. The Y-BOCS has been shown e keacellent inter-rater reliability (all
intra-class correlations > 0.86 for the total Y-B®€&core and for each item), as well as good
convergent and divergent validity (Goodman et1#889). The same interviewers on the ADIS-
IV administered the Y-BOCS after receiving rigoratgning on using the instrument.

Daily monitoring forms. Between the date of the intake assessment ardhtbeof the 1

month follow-up assessment, participants were askatbke daily ratings of the time spent
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checking that day (in minutes) and to rate theofeihg on a 0 to 100 scale: severity of doubt,
feelings of responsibility, probability/likelihoaaf harm coming to themselves or a loved one,
severity of harm that could come to themselvesloved one, and confidence in their memory
(‘How confident are you in your memory today?’).rfoe purposes of the current study, only
ratings of time spent checking, feelings of respality, and memory confidence were
considered.
Procedure

Participants were screened by telephone andgibéi, were invited to Concordia
University for the first assessment approximatelg week later. During this session,
participants completed the full ADIS-IV and Y-BO@#th a trained assessor, as well as the
other measures included in this studyarticipants were also given a monitoring booklet
(containing the daily monitoring forms describedwad) to be filled in until the first treatment
session (i.e., the baseline assessment periodyghout treatment, and until the 1 month post-
treatment follow-up assessment. At the end of teeline assessment period, participants
received 12 weeks of cognitive-behaviour therapyctmpulsive checking by two doctoral level
therapists (LG and JS) who were supervised byitseauthor (ASR). Each session was video
recorded.

Treatment description. The treatment closely followed the protocol dessdiin
Radomsky et al. (2010) in a 12-session format tighfirst 10 sessions occurring weekly, and
the last two sessions at a tapered frequency da¥8 to 2 weeks apart. This treatment followed

a cognitive approach with the complete absenceRH.EEmphasis was placed on addressing

! The Y-BOCS was also administered during an assssissession at mid-treatment (i.e., immediatelifoing
Session 6), one week following the last sessiosgiBa 12), and at 1 month post-treatment followRipase note
that the primary outcome data for this trial, whicbludes the Y-BOCS, will be reported in a separatinuscript,
in progress at the time of this submission.
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beliefs about responsibility, memory, threat, amake related to the personal significance of
checking symptoms (Rachman, 1997, 1998, 2003) onfircn adherence to treatment
procedures, therapists were supervised weeklydfirgt author (ASR), and all sessions were
videotaped and later reviewed to ensure treatnaelitf). Therapist competence was not
assessed.

Each session began with a review of the monitanfaymation completed since the
previous session. The first two sessions of therment were introductory, and included
psychoeducation about compulsive checking in OGDyell as the collaborative development
of an idiosyncratic model of the participant’s ckiag problem based on the cognitive model of
compulsive checking (Rachman, 2002). Sessions3rnoluded a focus on the modification of
beliefs about inflated responsibility. Differensponsibility-reducing strategies were used such
as the classic ‘responsibility pie chart’ (estimgtand allocating responsibility between the
patient and other parties for preventing a negatiteome; Whittal & McLean, 1999), the
continuum technique (depicting on a spectrum thepies and other individuals’ appraisals or
actions), conducting surveys to collect (accuret®ymation from relevant people, and
responsibility contracts where responsibility isiporarily transferred to another person (e.g.,
roommate, partner, therapist; Lopatka & RachmaB518adomsky et al., 2001; Shafran, 1997).
Sessions 6 and 7 focused on recalculating the pilttlgaof harm and the severity of harm
(described in Radomsky et al., 2010). Sessionsi®dncused on negative beliefs about
memory which includes addressing memory confidésee Alcolado & Radomsky, 2011,
2016). Exercises and behavioural experiments aheutonsequences of repeated checking (as
described in Radomsky et al., 2010 and followirmgrfrvan den Hout & Kindt, 2003a,b;

Radomsky et al., 2006) , as well as behaviourabéexgents to help participants accumulate new
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and corrective information about their memories@ohon Alcolado & Radomsky, 2011) were
used. The next sessions focused on consolidatihg@mmarizing the work done in previous
sessions, attending mostly to the personal sigmfie of any intrusive thoughts and generalizing
treatment gains to related yet not necessarilyetacgdomains, such as guilt (Mancini &
Gangemi, 2004), hypervigilance (Wiggs, Martin, Afies, & Murphy, 1996), self-doubting
(Alcolado & Radomsky, 2011), reassurance seekargl,mental checking (Radomsky &
Alcolado, 2010). The final treatment session foduse relapse prevention. All sessions were
followed by an assigned behavioural experimenhasetween-session homework activity.
Statistical analyses

Multilevel modelling was used to test all our hyipeses. To examine our first
hypothesis, that participants would experienceiiggmt and sustained improvements in both
inflated responsibility and memory confidence, waducted a multilevel model with the fixed
model part consisting of dummy-coded variablesnile§ comparisons between baseline (coded
0) and post-treatment (coded 1) and between basgaded 0) and 1 month follow-up (coded
1).

To examine our second hypothesis, that improvesnarinflated responsibility and
memory confidence would occur when they are diyeadidressed in therapy, we conducted
another multilevel model comparing the linear cleimgratings of responsibility feelings and
memory confidence both before and during/aftetttbatment sessions when these cognitive
targets were specifically addressed (also knowamasterrupted time series analysis). The fixed
model part consisted of a) an effect-coded varidbfeing a general linear time effect starting
with 0 indicating the baseline assessment peridd,1P indicating the average of the

measurements taken daily after each session, afat fifg 1 month follow-up assessment (14
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measurements in total); b) a dummy-coded variabfmithg the sessions and assessment periods
prior to when these targets were addressed (codaadXhe sessions and assessment periods
during/after these targets were addressed (codeohd)c) an interaction term defined by the
product of a) and b). The random model part coedist a random intercept and slope to allow
for between-subject variation in time effects, dfigh the within-subject covariance structure

was defined as heterogeneous first-order autorgigeeARH1). This model was repeated for

the whole sample (Model 1) and for each particigiddels 3 to 11).

A separate multilevel model (Model 2) was condddteunderstand the interaction term
obtained from Model 1 for ratings of responsibiiyd memory confidence (i.e., simple slope
analysis). That is, we wanted to examine the licbange in these cognitive targets within the
period before these were specifically targeted-{(pt@rvention) and within the period
during/after these were specifically targeted (potrvention). For this model, the fixed part
consisted of effect-coded and centred variableisatidg general linear time effects within pre-
intervention and within post-intervention. To iltcege, for the time-within-pre-intervention
variable, the 3 measurements of responsibilityifigsl prior to the sessions when these were
specifically targeted would be coded -1, 0, 1 dhdtaer measurements would be coded 0. For
the time-within-post-intervention variable, the m&asurements of responsibility feelings
during/after the sessions when these were spdbifieageted would be coded -5, -4, -3, -2, -1,
0, 1, 2, 3, 4, 5 and all other measurements woelddoled 0. The random model part was the
same as in Model 1.

To examine our third hypothesis, that improvemantaflated responsibility and
memory confidence would significantly predict retloies in time spent engaging in checking

behaviour, a final multilevel model was conducteghtedict time spent checking from the linear
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change in responsibility ratings and memory comfadeover treatment. The fixed model part
consisted of responsibility or memory confidendengs. The random model part consisted of a
random intercept and slope to allow for betweerjesttlvariation in responsibility/memory
confidence ratings, of which the within-subject abance structure was defined as ARH1.
Results
Hypothesis 1 — Treatment effectiveness in improf@atings of responsibility and memory
confidence

Means, standard deviations, and comparison $tatist the assessment periods on
feelings of responsibility and memory confidence aresented in Tables 2 and 3, respectively.
Multilevel modelling showed a significant reductimmresponsibility ratings between the
baseline and post-treatmept< 0.001; 95% confidence interval = 27.93 to 57,.@hd a
significant reduction between baseline and 1 méwitbw-up (p < 0.001; 95% confidence
interval = 32.50 to 60.22). We similarly found grsficant increase in memory confidence
between baseline and post-treatment 0.05; 95% confidence interval = -50.26 to -0,&8)d a
significant increase between baseline and 1 matibwvi-up ( = 0.04; 95% confidence interval
= -52.05 to -3.44).
Hypothesis 2 — Linear change in cognitive targetfole and after they were specifically
addressed

Feelings of responsibility. Figure 1 shows the aggregate and individual resipdity
ratings for the 9 participants averaged daily axtbweeks of the baseline assessment period, the
days following each treatment session, and at ltimimHiow-up. Visual inspection suggests
decreases in responsibility ratings for all papieits during/after beliefs about responsibility

were specifically targeted in sessions 3 to 5. NMawél modelling (see Table 4) revealed that the
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time-by-intervention interaction was a marginallyrsficant predictor of feelings of
responsibility for the whole samplp € 0.07; Model 1). Together with the simple slopaalysis
(Table 4, Model 2), it suggests that the lack wé#r change in responsibility ratings over the
measurements prior to the responsibility intenantp = 0.45,p = 0.91; 95% confidence
interval = -7.44 to 8.33) changed to a significd@trease in responsibility ratings over time
following the introduction of the interventiofi € -4.56,p < 0.001; 95% confidence interval = -
6.35to -2.77).

Confidencein memory. Figure 2 shows the aggregate and individual ratoigeemory
confidence for the 9 participants averaged daitpss 2 weeks of the baseline period, the days
following each treatment session, and at 1 moritavieup. Visual inspection suggests increases
in memory confidence for 6 out of 9 participantsidg/after this cognitive component was
specifically targeted in sessions 8 and 9. Mulglanodelling (see Table 5) revealed that the
time-by-intervention interaction was a significgnédictor of memory confidence for the whole
sample jp = 0.01; Model 1). Together with the simple slopeaalysis (Table 5, Model 2), it
suggests that the lack of linear change in memonfidence over the measurements prior to the
memory confidence interventiofi € 0.43,p = 0.38; 95% confidence interval = -0.53 to 1.38)
changed to a significant increase in memory confideover time following the introduction of
the interventionf{ = 1.7,p = 0.02; 95% confidence interval = 0.24 to 3.17).

Hypothesis 3 — Change in cognitive targets predgtthanges in compulsive checking

For the whole sample, multilevel modelling revelaieat reductions in responsibility

feelings over the course of the study significaptigdicted reductions in time spent checkipg (

=1.27,p=0.002; 95% confidence interval = 0.60 to 1.9%nitrly, multilevel modelling
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revealed that increases in memory over the codrfestudy significantly predicted reductions
in time spent checking(= -1.57,p < 0.001; 95% confidence interval = -2.14 to -1.00).
Discussion

Our primary aim in this study was to assess tlggeseto which targets of cognitive
therapy for compulsive checking were addresseddureatment, with particular emphasis on
when changes in these targets took place. Computsigcking is one of the most common
forms of OCD and is associated with high levelamfiety and distress (Foa et al., 2005).
Although several studies have demonstrated thetefé@mess of cognitive therapy in reducing
symptoms of OCD (Cottraux et al., 2001; Ost, Hayhtamsen, & Kvale, 2015), to the best of
our knowledge, none have focused on compulsivekihgspecifically, and aside from a robust
and influential literature on sudden gains in CBTg(, Aderka et al., 2012; Norton, Klenck, &
Barrera, 2010; Tang & DeRubeis, 1999), few if atudies have assessed the timing of cognitive
change during therapy. Therefore, the purposeettinrent study was to investigate whether
specific cognitive interventions addressing araitgitl sense of responsibility and decreased
memory confidence, two cognitive constructs empllycshown to maintain compulsive
checking, produced changes in these domahenthe interventions were provided.

We first hypothesized that participants who sttaggth compulsive checking would
experience significant, marked, and sustained irgreents in both inflated responsibility and
memory confidence. Our findings supported this texh such that participants experienced a
significant improvement (with large effect sizes}these cognitive components immediately
following treatment relative to baseline, which wasintained at a 1 month follow-up

assessment.
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Importantly, we found general support for our sethypothesis such that changes in
these cognitive constructs occurred when they wrpected to happen. That is, reductions in
feelings of responsibility and increases in menemyfidence were observed when the
interventions targeting these were introduced,rastefore. Furthermore, improvements in
feelings of responsibility and memory confidenceevwelatively consistent from the moment
they were targeted up until one month after theartceatment. Notably in both cases, the non-
significant time effect in our multilevel modelsggests that the observed changes in feelings of
responsibility and memory confidence were not sintjle to the passage of time or common
therapy factors, but due to the introduction ofcgjgeinterventions targeting these cognitive
components.

In a more detailed analysis, approximately halihef participants did not show
significant improvements in these components wherirtterventions were introduced. A visual
inspection of these participants’ data revealetiththe case of feelings of responsibility,
participants who did not experience significaneigention-related changes reported moderately
low feelings of responsibility at baseline (e.d),-560/100), and so any gains received from the
cognitive intervention may have been minimal (ifleor effect). Similarly, a ceiling effect may
have been observed for participants who did noee&pce significant intervention-related
changes in memory confidence due to them repomioderately high memory confidence at
baseline (e.g., 70 — 90/100). The therapy follotWedsame session structure for each participant
in order to control for any order effects on resuklthough there are strengths to this type of
design, this could have affected the results fanesparticipants as they may have benefited from
an idiosyncratic order of sessions which priorgitargeting their most maladaptive belief. This

semi-structured approach to treatment is more septative of what occurs in therapy outside of
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research settings and future studies could allovmiare flexibility in the session order
determined by the participants’ most relevant comeeHowever, as raised earlier in the
Methods section, while this would allow for a me®logically valid examination afverall
treatment effectiveness, changes in session ordgiimroduce confounds in our interpretation
of the specific timing of cognitive change (i.ehather these changéhenthey are addressed in
therapy).

Importantly, the discussion above highlights tihattheory-driven interventions in our
treatment could be further refined by accountinglie particular profile of cognitive beliefs
within each participant, which can be heterogene&wes within a largely accepted and well-
established OCD domain such as compulsive checkimgre studies could thus examine
whether participants with varying levels of respbitisy and memory beliefs would benefit from
a specific intervention order or an entirely diéfiet intervention altogether. For example, an
individual with equally elevated levels of respdmisly and memory beliefs might benefit more
from a behavioural experiment that simultaneoustygets both (e.g., testing predictions around
the accuracy of their memory for having turnedtbéir stove while challenging their personal
responsibility for ensuring that it is turned ofif)deed, in addition to identifyinghencognitive
change occurs, research in this field should mowatds understandirfgr whomthese
interventions work best.

Finally, there was also support for our third hiyyesis, such that improvements in these
cognitive components significantly predicted reduts in time spent engaging in checking
behaviour. These findings are consistent with dyshy Alcolado and Radomsky (2016), who
demonstrated that the same 2-session interveraigeting maladaptive beliefs about memory

was effective in reducing time spent checking.umsour results provide support to previous
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suggestions that these cognitive components castamdd be targeted in treatments for
compulsive checking (e.g., Radomsky et al., 20h@fign, Radomsky, Coughtrey, & Rachman,
2013).
Limitations and future directions

The small sample size in the current study limiis ability to generalize our results.
Nevertheless, it is noteworthy to mention that sitiee treatment delivered in this study
incorporated new interventions, it is necessaifyr$d assess its effectiveness and refine them in
a small and controlled group of participants befmeducting a larger scale randomized
controlled trial. Future studies should therefordude a larger sample size to replicate the
findings of this study. In addition, we proposettimvestigations of the timing of cognitive,
behavioural and emotional change could contribubstantially to an understanding of key
mechanisms of change underlying evidence-basedpmgical treatments.
Conclusion

Our findings suggest that interventions targebetiefs about responsibility and memory
are effective in modifying these and at reducingnpalsive checking in OCD. Using a multiple
baseline single case design approach, we identiffezshchange occurred in these cognitive
components throughout the therapy. Randomized aidedrtrials with larger sample sizes are
now warranted to assess cognitive and behavioynaptom change on a broader scale.
Acknowledgement

We are grateful to S. Rachman for his contribigitmthe nature and conduct of the
therapy provided in this study, and for his comment a draft of this manuscript.
Declaration of interest

The authors declare no conflicts of interest.



Role of funding source
The study was supported by a grant awarded tar$teafithor from the Canadian

Institutes for Health Research (MOP-119283).

20



21

References

Aderka, I. M., Anholt, G. E., van Balkom, A., Smit,H., Hermesh, H., & van Oppen, P. (2012).
Sudden gains in the treatment of obsessive-conyautsorderPsychotherapy and
Psychosomatics, 884-51. doi:10.1159/000329995

Alcolado, G. M., & Radomsky, A. S. (2011). Belieweyourself: Manipulating beliefs about
memory causes checkingehaviour Research and Therapy, 42-49.
doi:10.1016/j.brat.2010.10.001

Alcolado, G. M., & Radomsky, A. S. (2016). A nowelgnitive intervention for compulsive
checking: Targeting maladaptive beliefs about mgmiwurnal of Behavior Therapy
and Experimental Psychiatry, 535-83. doi:10.1016/j.jbtep.2015.02.009

American Psychiatric Association. (2000jagnostic and statistical manual of mental disasde
(4th ed. Vol., text revision). New York, NY: Amean Psychiatric Publishing.

American Psychiatric Association. (201B)jagnostic and statistical manual of mental disasde
(5th ed.). Arlington, TX: American Psychiatric Pighling.

Angst, J., Gamma, A., Endrass, J., Goodwin, R.aég V., Eich, D., & Rossler, W. (2004).
Obsessive-compulsive severity spectrum in the comyiPrevalence, comorbidity, and
course European Archives of Psychiatry and Clinical Newutesce, 254156-164.
doi:10.1007/s00406-004-0459-4

Arntz, A., Voncken, M., & Goosen, A. C. A. (200Responsibility and obsessive-compulsive
disorder: An experimental te®ehaviour Research and Therapy, 435-435.

doi:10.1016/j.brat.2006.03.016



22

Bennett-Levy, J., Butler, G., Fennell, M., HackmaAn Mueller, M., & Westbrook, D. (2004).
Oxford guide to behavioural experiments in cogeitiverapy Oxford, UK: Oxford
University Press.

Bobes, J., Gonzalez, M. P., Bascaran, M. T., Ara@goSaiz, P. A., & Bousono, M. (2001).
Quality of life and disability in patients with odsssive-compulsive disorddturopean
Psychiatry, 16239-245. doi:10.1016/S0924-9338(01)00571-5

Boschen, M. J., & Vuksanovic, D. (2007). Deteriorgtmemory confidence, responsibility
perceptions and repeated checking: Comparison€id énd control sampleBehaviour
Research and Therapy, 4%98-2109. doi:10.1016/j.brat.2007.03.009

Brown, T. A., diNardo, P. A., & Barlow, D. H. (1994The Anxiety Disorders Interview
Schedule for DSM-IMNew York, NY: Oxford University Press.

Brown, T. A., diNardo, P. A., Lehman, C. L., & Cabsll, L. A. (2001). Reliability of DSM-IV
anxiety and mood disorders: Implications for thesslfication of emotional disorders.
Journal of Abnormal Psychology, 1,140-58. doi:10.1037/0021-843X.110.1.49

Coles, M. E., Radomsky, A. S., & Horng, B. (200B%ploring the boundaries of memory
distrust from repeated checking: Increasing extaraldity and examining thresholds.
Behaviour Research and Therapy, 995-1006. doi:10.1016/j.brat.2005.08.001

Cottraux, J., Note, I., Yao, S. N., Lafont, S., &dB., Mollard, E., . . . Dartigues, J. F. (2004).
randomized controlled trial of cognitive therapysues intensive behavior therapy in
obsessive compulsive disordBsychotherapy and Psychosomatics, Z&8-297.

doi:10.1159/000056269



23

Craske, M. G., Treanor, M., Conway, C. C., Zbozjnek & Vervliet, B. (2014). Maximizing
exposure therapy: An inhibitory learning approg®éhaviour Research and Therapy, 58
10-23. doi:10.1016/j.brat.2014.04.006

Foa, E. B., Liebowitz, M. R., Kozak, M. J., Davi&, Campeas, R., Franklin, M. E., . .. Tu, X.
(2005). Randomized, placebo-controlled trial of @syre and ritual prevention,
clomipramine, and their combination in the treatbhwdrobsessive-compulsive disorder.
American Journal of Psychiatry, 16251-161. doi:10.1176/appi.ajp.162.1.151

Franklin, M. E., & Foa, E. B. (2011). Treatmentofisessive compulsive disordénnual
Review of Clinical Psychology, Z29-243. doi:10.1146/annurev-clinpsy-032210-1@453

Goodman, W. K., Price, L. H., Rasmussen, S. A.,WazC., Fleischmann, R. L., Hill, C., . ..
Charney, D. S. (1989). Yale-Brown Obsessive ConnpeilScale (Y-BOCS)Archives of
General Psychiatry, 461006-1011.

Grabe, H. J., Meyer, C., Hapke, U., Rumpf, H. deyBerger, H. J., Dilling, H., & John, U.
(2000). Prevalence, quality of life, and psychoabiftinction in obsessive-compulsive
disorder and subclinical obsessive-compulsive disioin northern Germanfturopean
Archives of Psychiatry and Clinical Neurosciencg),262-268.
doi:10.1007/s004060070017

Haring, M. L. (2005). To check or not to check:&st of a cognitive theory of compulsive
checking.Dissertation Abstracts International: Section B:eT8ciences and Engineering,
66, 6922.

Ladouceur, R., Leger, E., Rheaume, J., & Dube1B96). Correction of inflated responsibility
in the treatment of obsessive-compulsive disoehaviour Research and Therapy, 34

767-774. doi:10.1016/0005-7967(96)00042-3



24

Ladouceur, R., Rheaume, J., & Aublet, F. (1997dSsive responsibility in obsessional
concerns: A fine-grained experimental analyBehaviour Research and Therapy, 35
423-417. doi:10.1016/S0005-7967(96)00117-9

Lopatka, C., & Rachman, S. (1995). Perceived resipdity and compulsive checking: An
experimental analysi®ehaviour Research and Therapy, 833-684. doi:10.1016/0005-
7967(94)00089-3

Mancini, F., & Gangemi, A. (2004). Fear of guilbin behaving irresponsibly in obsessive-
compulsive disordedournal of Behavior Therapy and Experimental Psgtrij 35
109-120. doi:10.1016/j.jbtep.2004.04.003

Murray, C. J. L., Lopez, A. D., & World Health Omgaation. (1996)The global burden of
disease: A comprehensive assessment of mortatitgigability from diseases, injuries,

and risk factors in 1990 and projected to 2020: Sary. Retrieved from World Health

Organization: http://www.who.int/iris/handle/1068%864

Norberg, M. M., Calamari, J. E., Cohen, R. J., &Rann, B. C. (2008). Quality of life in
obsessive-compulsive disorder: An evaluation ofampent and a preliminary analysis
of the ameliorating effects of treatmebepression and Anxiety, 2848-259.
doi:10.1002/da.20298

Norton, P. J., Klenck, S. C., & Barrera, T. L. (B)ASudden gains during cognitive-behavioral
group therapy for anxiety disordedaurnal of Anxiety Disorders, 2887-892.
doi:10.1016/j.janxdis.2010.06.012

Ost, L. G., Havnen, A., Hansen, B., & Kvale, G.13D Cognitive behavioral treatments of

obsessive-compulsive disorder: A systematic re\aad meta-analysis of studes



25

published 1993-2014linical Psychological Review, 4056-169.
doi:10.1016/j.cpr.2015.06.003

Rachman, S. (1997). A cognitive theory of obsessiBahaviour Research and Therapy, 35
793-802. doi:10.1016/S0005-7967(97)00040-5

Rachman, S. (1998). A cognitive theory of obsessietaborationdBehaviour Research and
Therapy, 36385-401. doi:10.1016/S0005-7967(97)10041-9

Rachman, S. (2002). A cognitive theory of compudsiheckingBehaviour Research and
Therapy, 40625-639. doi:10.1016/S0005-7967(01)00028-6

Rachman, S. (2003Jhe treatment of obsessio@xford, UK: Oxford University Press.

Radomsky, A. S., & Alcolado, G. M. (2010). Don'eemthink about checking: Mental checking
causes memory distrusiournal of Behavior Therapy and Experimental Psgtlji 41,
345-351. doi:10.1016/j.jbtep.2010.03.005

Radomsky, A. S., Gilchrist, P. T., & Dussault, R0O06). Repeated checking really does cause
memory distrustBehaviour Research and Therapy, 305-316.
doi:10.1016/j.brat.2005.02.005

Radomsky, A. S., Rachman, S., & Hammond, D. (208tEmory bias, confidence and
responsibility in compulsive checkinBehaviour Research and Therapy, 823-822.
doi:10.1016/S0005-7967(00)00079-6

Radomsky, A. S., Shafran, R., Coughtrey, A. E.,&Rnan, S. (2010). Cognitive-behavior
therapy for compulsive checking in OCDognitive and Behavioral Practice, 1719-

131. doi:10.1016/j.cbpra.2009.10.002



26

Ruscio, A. M., Stein, D. J., Chiu, W. T., & Kessl&: C. (2010). The epidemiology of
obsessive-compulsive disorder in the National Cduadtly Survey Replication.
Molecular Psychiatry, 1553-63. doi:10.1038/mp.2008.94

Salkovskis, P. M. (1985). Obsessional-compulsiablams: A cognitive-behavioural analysis.
Behaviour Research and Therapy, 331-583. doi:10.1016/0005-7967(85)90105-6

Shafran, R. (1997). The manipulation of responisyhith obsessive-compulsive disordBritish
Journal of Clinical Psychology, 3@97-407. doi:10.1111/j.2044-8260.1997.tb01247.x

Shafran, R., Radomsky, A. S., Coughtrey, A. E.,&Rman, S. (2013). Advances in the
cognitive behavioural treatment of obsessive cosipeldisorderCognitive Behaviour
Therapy, 42265-274. doi:10.1080/16506073.2013.773061

Tang, T. Z., & DeRubeis, R. J. (1999). Sudden gamcritical sessions in cognitive-behavioral
therapy for depressiodournal of Consulting and Clinical Psychology, @24-904.
doi:10.1037/0022-006X.67.6.894

van den Hout, M., & Kindt, M. (2003a). Phenomenatagvalidity of an OCD-memory model
and the remember/know distinctiddehaviour Research and Therapy, 869-378.
doi:10.1016/S0005-7967(02)00097-9

van den Hout, M., & Kindt, M. (2003b). Repeatedaitieg causes memory distruBehaviour
Research and Therapy, 4301-316. doi:10.1016/S0005-7967(02)00012-8

van den Hout, M., & Kindt, M. (2004). Obsessive-gaiisive disorder and the paradoxical
effects of perseverative behaviour on experiencegainty.Journal of Behavior
Therapy and Experimental Psychiatry, 3%5-181. doi:10.1016/].jbtep.2004.04.007

Whittal, M. L., & McLean, P. D. (1999). CBT for OCDhe rationale, protocol, and challenges.

Cognitive and Behavioral Practice, 883-396. doi:10.1016/S1077-7229(99)80057-1



27

Wiggs, C. L., Martin, A., Altemus, M., & Murphy, .. (1996). Hypervigilance in patients with
obsessive-compulsive disord@nxiety, 2 123-129. doi:10.1002/(SICI1)1522-

7154(1996)2:3<123::AID-ANXI3>3.0.CO;2-Q



Tablel

Participant Sociodemographic Characteristi¢é= 9)
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Variable Mean $D) / Number (Percentage)
Age Range (19 — 56) 32.89 (11.70)
Gender Female 4 (44.4)
Male 5 (55.6)
Civil status Single 7 (77.8)
Married or common law 2 (22.2)
Educational level University degree 2 (22.2)
College diploma 6 (66.7)
High school diploma 1(11.2)
Ethnicity Caucasian 5 (55.6)
South Asian 1(11.1)
Multi-Ethnic 1(11.2)
Indo-Canadian 1(11.2)
Middle Eastern 1(11.2)
Employment status  Full-time employee 3(33.3)
Part-time employee 3 (33.3)
Student 2 (22.2)
Unemployed 1(11.2)
OCD Severity (Y-  Obsessions 11.33 (2.95)
BOCS) Compulsions 12.44 (2.69)
Total 23.78 (5.16)
Primary ADIS OCD 8 (88.9)
diagnosis Specific Phobia 1(11.2)
Secondary ADIS OCD 1(11.2)
diagnosis Panic Disorder with Agoraphobia 2 (22.2)
Social Phobia 1(11.2)
Generalized Anxiety Disorder 1(11.2)
Dysthymia 1(11.1)
Tertiary ADIS Panic Disorder with Agoraphobia 1 (11.1)
diagnosis Social Phobia 2 (22.2)
Generalized Anxiety Disorder 2 (22.2)
Dysthymia 1(11.1)
Quaternary ADIS  Specific Phobia 2 (22.2)
diagnosis Major Depressive Disorder 1(11.1)
Dysthymia 1(11.2)
Quinary ADIS Post-Traumatic Stress Disorder 1(11.2)
diagnosis

Previous CBT

For OCD

3 (33.3)
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Table2
Means, Standard Deviations, and Test Statisti€3aphparisons between Assessment Periods on

Feelings of ResponsibiliN = 9)

Responsibility Baseline Baseline
Assessment Ratings VS VS
period Post-treatment Follow-up
M SD t(1, 9) 95% ClI t(1,9) 95% ClI
Baseline 66.02 16.45
Post-treatment  23.25  17.76 .52 2793 , 57.61 7.57%* 3250 , 60.22
Follow-up 19.67 13.79

Note *** p < 0.001.
Table3
Means, Standard Deviations, and Test StatisticSamhparisons between Assessment Periods on

Memory ConfidencéN = 9)

Memory Baseline Baseline
Assessment Confidence VS VS
period Ratings Post-treatment Follow-up
M SD t(1, 9) 95% ClI t(1,9) 95% ClI
Baseline 57.37 31.82
Post-treatment  82.81  19.44 .232* 5026 , -0.63 -2.58* -52.05 , -3.44
Follow-up 85.11 14.23

Note * p < 0.05.
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Table4

Results of Multilevel Modelling — ResponsibilitytiRg (N = 9)

Parameter B SE df t p 95% CI forp
Model 1:
Whole Intercept 67.00 7.09 1295 9.45 <0.00151.68 , 82.33
Sample
Time 045 277 116.080.16 0.87 -5.03, 5.93

Intervention 9.12 4.69 108 1.94 0.06 -0.18 18.42
Time-by-
intervention -5.01 273 108 -1.84 0.07 -10.42 , 0.40
interaction

Model 2: Time-within-

Whole pre- 045 398 123 0.11 0.91 -7.44 | 8.33
Sample intervention
Time-within-
post- -456 0.90 123 -5.05 <0.001 -6.35 , -2.77
intervention
Models3to 1 -13.51 5.79 10 -2.33 0.04 -26.4Q0 -0.61
11: 2 554 1.48 10 3.75 0.004 2.25 8.83
Individual 3 -6.56 7.16 10 -0.92 0.38 -22.52 9.40
Participant 4 -5.88 1.27 10 -4.65 0.001 -8.70 -3.06
(time-by- 5 -21.93 980 10 -224 0.05 -43.76 -0.09
intervention 6 -242 555 10 -0.44 0.67 -1479 9.95
interaction) 7 -1.17 396 10 -030 0.77 -10.00 7.65
8 -5.90 1165 10 -0.51 0.62 -31.86, 20.07
9 6.75 3.29 10 2.05 0.07 -0.57 14.07

Note.For Models 1 and 3 to 11, predictors were codefdlasvs — effect coding for Time (0, 1, 2, ... 13jtkwv0 for
the baseline assessment period, 1 to 12 indicdimgverage of the measurements taken daily aftdr gession,
and 13 for the 1 month follow-up; dummy coding fiorervention (1, 0) such that the sessions andsassmt
periods prior to when responsibility was addressere coded O and the sessions and assessmentsperiod
during/after the sessions when responsibility witressed were coded 1. Model 1 intercept variaB8@ as
342.63, error variance (WS) was 177.53, ARH1 rh6.76.
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Results of Multilevel Modelling — Confidence in Meyn(N = 9)
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Parameter B SE df t p 95% CI forf
Modd 1:
Whole Intercept 56.73 12.22 9.21 4.64 0.001 29.17, 84.28
Sample
Time 0.85 1.11 1285 0.77 0.46 -1.55 3.26
Intervention -13.71 8.49 108 -1.62 0.11 -30.54 3.12
Time-by-
intervention 255 092 108 277 0.01 0.73 , 4.38
interaction
Moddl 2: Time-within-
Whole pre- 0.43 048 123 0.88 0.38 -0.53 , 1.38
Sample intervention
Time-within-
post- 1.70 0.74 123 2.30 0.02 0.24 , 3.17
intervention
Models3to 1 -1.02  1.29 10 -0.79 0.45 -3.89 1.86
11: 2 1.01 048 10 2.13 0.06 -0.05 2.07
Individual 3 0.13 0.47 10 0.28 0.78 -0.92 1.19
Participant 4 -1.09 1.62 10 -0.68 0.52 -4.70 2.52
(time-by- 5 12.67 470 10 269 0.02 2.19 23.14
intervention 6 -1.13 0.68 10 -1.67 0.13 -2.63 0.38
interaction) 7 -1.26 152 10 -0.83 043 -4.65 2.13
8 9.17 0.85 10 10.83<0.001 7.29 , 11.06
9 449 0.66 10 6.76 <0.001 3.01 , 5.97

Note.For Models 1 and 3 to 11, predictors were codeflisvs — effect coding for Time (0, 1, 2, ... 13jtkwv0 for
the baseline assessment period, 1 to 12 indicdimgverage of the measurements taken daily aftdr gession,
and 13 for the 1 month follow-up; dummy coding fiorervention (1, 0) such that the sessions andsassmt
periods prior to when memory confidence was adéresgere coded 0 and the sessions and assessmiedsper
during/after the sessions when memory confidenceadaressed were coded 1. Model 1 intercept vaiéBs)
was 1305.48, error variance (WS) was 626.84, ARd1=r-0.88.
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All Participants
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Figure 1.Ratings of responsibility averaged daily acrosge2ks of the baseline assessment
period, the days following each treatment sessiod,at 1 month follow-up for all participants.
The white circles indicate the sessions where fsedibout responsibility was directly targeted
(i.e., sessions 3 to 5).
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Figure 2.Ratings of confidence in memory averaged dailpsxl weeks of the baseline
assessment period, the days following each tredtssssions, and at 1 month follow-up for all
participants. The white circles indicate the sessiohere confidence in memory was directly
targeted (i.e., sessions 8 and 9).



Highlights

We provided 9 participants with 12 sessions of cognitive therapy for OCD.

Participants monitored responsibility beliefs, memory confidence, and checking behaviour daily.
We found that responsibility and memory confidence changed when they were targeted in therapy.
These changes were predictive of reductions in checking behaviour.

This methodology may help to focus on treatment mechanisms and their timing.



