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Overall Abstract
Research has indicated that maladaptive appraisals of cognitions and cognitive experiences (such as intrusive thoughts and auditory hallucinations) can maintain distress.  Theories suggest this mechanism can explain why such experiences can fall on a continuum from unproblematic to distressing.  This thesis focused on three involuntary cognitive experiences prevalent in nonclinical and clinical populations where this mechanism of distress has been hypothesised: tinnitus; obsessive intrusive thoughts (OITs); and involuntary musical imagery (INMI).  Evaluation of the effectiveness of psychological interventions to reduce tinnitus distress, and investigation into appraisals of OITs and INMI and what might have influence over these was conducted.  
A systematic review and meta-analysis was conducted on 21 studies to identify and evaluate the effectiveness of psychological interventions for reducing tinnitus distress in adults.    Large treatment effects emerged for cognitive-behavioural therapy (CBT) in both therapist-delivered and self-help formats.  A very large treatment effect emerged for ‘other’ approaches including multidisciplinary combinations of sound therapy techniques with psychological intervention, mindfulness, and psychoeducation.  It was concluded that cross-disciplinary combined interventions and those aimed at addressing maladaptive appraisals of tinnitus could facilitate a reduction in distress.  Study limitations and clinical implications were discussed.
The empirical chapter investigated OITs and INMI.  Ninety-one UK university staff and students completed measures of OIT and INMI appraisal, perceived thought control and self-reported thought suppression. Additionally, the predictive influence of working memory on these measures was also explored.  Participants completed a computerised operation span task to test working memory capacity (WMC).  Significant relationships emerged between both negative OIT and INMI appraisal.  Negative appraisal for both OITs and INMI were significantly associated with low perceived thought control, but this was weak for INMI.  Negative OIT appraisal was significantly related to higher self-reported thought suppression.  WMC did not significantly explain the variance in these variables.  Study limitations and implications for clinical practice were discussed.
In conclusion, the literature review highlighted effectiveness of interventions which challenge maladaptive appraisals in reducing tinnitus distress; and the empirical chapter drew associations between negative appraisals of involuntary cognitions, and beliefs about thought control.   Together, the findings suggest commonalities in mechanisms of distress which may be extended across a range of experiences, including those traditionally considered to be unproblematic and which have only recently started to be explored (such as INMI).  It is recommended that appraisals of other experiences which can cause distress, and potential interventions which target such appraisals, continue to be explored in future research.
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Literature review
Evaluating the effectiveness of psychological interventions to reduce tinnitus distress: A systematic review and meta-analysis

[bookmark: _Toc514685279]Abstract
Objectives: This systematic review and meta-analysis evaluated the effectiveness of psychological interventions in reducing tinnitus-related distress in adults.
Methods: Search terms related to tinnitus psychological interventions identified studies published between June 2014 and November 2017 from PSYCINFO, MEDLINE and SCOPUS databases.  Quality appraisal, narrative synthesis, and two meta-analyses were conducted; one for randomised controlled trials (RCTs) and one for pre-post designs with no controls.  Studies were categorised into therapist-delivered cognitive behavioural therapy (CBT), self-help guided CBT, or ‘other’ interventions which were heterogeneous in approach including combination approaches of sound therapy with counselling, mindfulness, or psychoeducation.  
Results: Twenty-one studies were identified, 18 of which provided sufficient data to be included in meta-analysis.  Overall, study quality was good.  An overall medium treatment effect emerged in reducing tinnitus distress for all RCTs, and a large overall effect for pre-post studies.  CBT interventions yielded large treatment effects with very large effects observed for ‘other’ interventions.  Subgroup analyses indicated stronger treatment effects when intervention was compared with discussion forum controls, for good quality studies, and for treatments delivered within multi-disciplinary team (MDT) settings.
Conclusion: Overall, psychological intervention appears to facilitate reduction in tinnitus distress.  Support is given to recommendations for the use of MDT-based combination approaches.  It is recommended mechanisms of distress be further explored across other cognitive experiences, and it is recommended further evaluation of psychological interventions for tinnitus be conducted.  
Practitioner points: 
Clinical implications
· Findings illustrate the effectiveness of cognitive-behavioural psychotherapies in reducing tinnitus distress, including group-based and self-help based CBT, supporting the need for increased provision of these, including internet-delivered CBT which may widen access to treatment.
· Psychological interventions employing combined multi-disciplinary approaches are also beneficial in reducing tinnitus distress, offering support for stepped-care models.
· The effectiveness of CBT in reducing tinnitus distress could lead one to further explore  the cognitive model of tinnitus distress.  Such models are applied to other cognitive experiences such as obsessive intrusive thoughts and involuntary musical imagery.  
Limitations
· Results may only be generalisable to individuals in Western cultures due to all but one study being conducted in the USA or Europe.
· Publication bias is possible in that all studies reviewed were published in English in peer-reviewed journals and are perhaps more likely to have significant data.
· Half of the studies reviewed were non-RCTs, so methodology is less robust due to their lack of control groups.

[bookmark: _Toc514685280]Introduction
Tinnitus is a condition whereby individuals perceive a ‘ringing’ in their ear in the absence of any externally corresponding sound (Moller, 2003).  Tinnitus has been described as one of the most common somatic conditions to affect humanity (McKenna, Handscomb, Hoare, & Hall, 2014).  Up to 20% of the general population will experience tinnitus at least once in adult life (Krog, Endhal, & Tambs, 2010), and it is more prevalent in adults than children (Davies & Rafie, 2000).   While tinnitus can be unproblematic for many (Golm et al., 2016), some describe their experience as severely distressing (Axelsson & Ringdahl, 1989), indicating tinnitus experience may fall on a continuum of distress.   Understanding why tinnitus causes distress in some but not others has been a challenge in research (McKenna et al., 2014).
Tinnitus is considered difficult to treat and can cause significant psychological distress (Hallam, McKenna, & Shurlock, 2004, Andersson & Westin, 2008; Erlandsson & Hallberg, 2008; McKenna et al., 2014).  Some causes of tinnitus are exposure to loud noise, ear infections, and head trauma (Hoffman & Reed, 2004).  Tinnitus can sometimes take the form of a musical hallucination, where music is perceived in the absence of no external acoustic stimuli (British Tinnitus Association, 2018).  Where the root cause of tinnitus may sometimes be treatable, the tinnitus itself often is not (Ivansic et al., 2017), and therefore, its persistence can have a debilitating impact on one’s quality of life (McKenna et al., 2014; Andersson & Westin, 2008; Erlandsson & Hallberg, 2008; Hallam et al., 2004), including sleep problems (Croenlein, Langguth, Geisler, & Hajak, 2007), attention and concentration deficits (Delb et al., 2008; Langguth, Kreuzer, Kleinjung, & De Ridder, 2013), relationship problems (Heller, 2003), and anxiety and depression (Herbert et al., 2012; Andersson, 2002; Kuttila, Kuttila, Le Bell, Alanen, & Suonpaa, 2005; Reynolds, Gardner, & Lee, 2004).  People who experience tinnitus distress may also have co-morbid symptoms of anxiety, depression, and insomnia (Mckenna et al., 2014), and studies have reported such co-morbidity can lead to increased risk of suicide (Pridmore, Walter, & Friedland, 2012; Frankenburg & Hegarty, 1994).
Psychoacoustic characteristics of tinnitus (e.g. loudness and pitch) are not related to whether individuals experience it as bothersome or not (Henry & Meikle, 2000; Hiller & Goebel, 2007).  Alternative underlying factors may explain why some consider tinnitus to be mildly irritating, yet others experience distress.  A cognitive model of tinnitus distress has been postulated in order to explore this.
[bookmark: _Toc514685281]Cognitive model
The Cognitive Model of tinnitus stipulates negative appraisal of one’s experience influences physiological response to tinnitus, thereby creating a distorted perception of the actual experience (McKenna et al., 2014).  This is supported by neurophysiological models of tinnitus which draw links between appraisal and selectively attending to tinnitus, in turn creating a more bothersome experience (Jastreboff, 1993).  McKenna et al. (2014) stated negative appraisals reflect a fear that tinnitus is unnatural and may have adverse consequences (such as leading to further psychological difficulties).  Wilson and Henry (1998) found individuals experiencing tinnitus endorsed cognitions including hopelessness, despair, and loss of enjoyment.   In managing the physiological responses to one’s negative appraisal of tinnitus, individuals may engage in fear-avoidance and safety behaviours, such as escape coping strategies like drug-taking, or thought suppression (Westin et al., 2008; Hesser & Andersson, 2009; Hallberg et al., 1992).  Individuals who can overcome avoidance and engage in acceptance-based behaviours such as activity engagement, see more positive outcomes with regards to their tinnitus (Hesser, Westin, & Andersson, 2014).  
[bookmark: _Hlk514401209]The cognitive model has also been used to understand distress related to other cognitive experiences, such as intrusive thoughts (Salkovskis, 1985; Clark & Purdon, 1993; Freeston, Rheaume, & Ladoucer, 1996; Rachman, 1998; Taylor et al., 2014) and involuntary musical imagery (Taylor et al., 2014; Gomibuchi, Gomibuchi, Akiyama, Tsuda, & Hayakawa, 2000) which can both be considered other involuntary experiences which may fall on a continuum from unproblematic to distressing.  There may be commonalities in mechanisms of distress (e.g. appraisal) between tinnitus and such experiences.  Methods by which tinnitus distress has been targeted and treated can support this link between appraisal and distress in tinnitus.  
[bookmark: _Toc514685282]Psychological interventions
Cognitive behavioural therapy
 Cognitive behavioural therapy (CBT) aims to challenge negative appraisals of tinnitus, and modify unhelpful behaviours such as safety-seeking, avoidance, and selective attention, which are factors associated with tinnitus distress (Weise, Heinecke, & Rief, 2009; Zachriat & Kroner-Herwig, 2004).  Group-CBT has been found to significantly reduce scores post-intervention on outcomes of tinnitus-related anxiety and distress (Andersson, Porsaeus, Wiklund, Kaldo, & Larsen, 2005).  Recent reviews have synthesised the breadth of evidence suggesting CBT is effective in reducing tinnitus distress.  Hesser et al. (2011) reviewed 15 studies where CBT was compared to active controls.  Significant mean effect sizes were found demonstrating reductions in tinnitus distress post-intervention.   Martina-Devesa et al. (2010) reviewed eight studies and found significant treatment effects post-CBT in improving scores on quality on life measures and depression scores when compared with inactive controls.  This was supported in a more recent review of studies published up to 2014 (Zenner et al., 2017).
Internet-delivered CBT (ICBT) with a self-help approach has also emerged (Kaldo-Sandstrom, Larsen, & Andersson, 2004).  Hesser et al. (2012) conducted an RCT comparing ICBT and Acceptance and Commitment Therapy (ACT) with controls, finding significant reductions in tinnitus distress following both interventions.  However, Abbott et al. (2009) conducted an RCT comparing ICBT with an internet-information-only condition, finding no additional benefits for ICBT.  Additionally, Wan Suhailah et al. (2015) reviewed 21 studies and concluded ICBT was not as effective at reducing tinnitus distress as conventional CBT.  A review of ICBT and other CBT-based self-help interventions indicated a medium pooled-effect size in reducing tinnitus distress, and depressiveness (Nyenhuis et al., 2013).  This was supported by Cima et al. (2014) in their review but with a small effect size.  Further evaluation of this treatment type is required to understand these inconsistencies.  
Alternative psychological interventions
Additionally, mindfulness is becoming more prevalent in tinnitus treatments (Thompson, Hall, Walker, & Hoare, 2016).  This involves the shifting of one’s perceptual awareness (Gans, Cole, & Greenberg, 2015).  Mindfulness-based-stress-reduction (MBSR) groups have focused on teaching individuals who experience tinnitus the skills to practice mindfulness when their tinnitus is most troubling.  Evidence has suggested MBSR can reduce tinnitus distress and be sustainable after one year (Gans, Cole, & Greenberg, 2015).  Philippot et al. (2012) conducted an RCT and found mindfulness enhanced treatment effects in reducing negative emotion and rumination with tinnitus at follow-up.  
Within the tinnitus literature, combination approaches have been widely evaluated.  These involve a mixture of psychological approaches such as CBT, counselling, relaxation, or mindfulness, with audiological therapy.  Such interventions are commonly delivered within a multi-disciplinary approach.  One such intervention is Tinnitus Retraining Therapy (TRT) based on Jastreboff’s neurophysiological model of tinnitus (1993).  TRT uses sound therapy to enable an individual to habituate to tinnitus sound, and directive counselling to challenge unhelpful appraisals of tinnitus (e.g. it is unnatural).  Thong, Wong, Junaidah, & Chan (2011) studied the tinnitus experiences of 702 patients and reported that 68% described improvement in tinnitus annoyance post-TRT.  Grewal, Spielmann, Jones, and Hussain (2014) reviewed nine RCTs comparing TRT with CBT for tinnitus.  They found strong treatment effects for TRT in reducing distress and concluded neither TRT or CBT were superior over the other.  Habituation to tinnitus has also been targeted via immersing oneself in virtual-reality (VR) where visual, auditory, and proprioceptive information is integrated (Malinvaud et al., 2016).  Techniques of immersion in VR have been shown to be effective in treating other conditions such as anxiety and phobias (for review see Riva, 2005) and pain management (Cole et al., 2009; Murray et al., 2009) and its efficacy in treating tinnitus requires evaluation.   
Other combination interdisciplinary approaches to treating tinnitus include music therapy, whereby tinnitus sound is integrated into a musically controllable acoustic process and patients also receive counselling; efficacy of this has been shown in reducing tinnitus distress (Grapp, Hutter, Argstatter, Plinkert, & Bolay, 2013) but requires further evaluation in large samples.  
Wan Suhailah et al. (2015) conducted a review of psychological interventions for tinnitus published up to 2013 and concluded a holistic combined treatment approach of audiological and psychological components were particularly effective for tinnitus management.  This also supports recommendations by Cima et al. (2014) who concluded from their review that multi-disciplinary approaches including elements of CBT are effective.  Conversely, Zenner et al. (2017) reviewed a range of tinnitus treatment modalities including combined approaches (such as TRT), with results indicating sound therapy had no additional benefit to that provided by CBT alone in reducing distress.  This highlights some inconsistencies in the conclusions drawn within existing literature.
[bookmark: _Toc514685283]Rationale and Aim
To the author’s knowledge, the last review conducted by Zenner et al. (2017) evaluated studies published up to 2014.  There has not been a meta-analysis evaluating psychological interventions for tinnitus since 2013, where only self-help interventions were evaluated (Nyenhuis et al., 2013), and the last meta-analysis to evaluate a wide range of psychological treatments for tinnitus was in 1999 (Andersson & Lytkkens, 1999).  The most recent literature has since developed and improved in line with previous recommendations, and more recently, mindfulness-based CBT interventions have also been trialled to treat tinnitus.  A new systematic review and meta-analysis is therefore, needed to evaluate these studies, and the variety of interventions which have been tested since.  This may help consolidate discrepancies in conclusions from previous reviews and highlight any consistencies which can be drawn across these studies.
 The current review and meta-analyses aimed to update previous reviews and analyse the effects of subgroups of psychological treatments, such as the effects of therapist-delivered CBT, guided self-help CBT, and more holistic interventions (including multi-disciplinary approaches with psychological components) in reducing tinnitus distress in adults.
[bookmark: _Toc514685284]Method
[bookmark: _Toc514685285]Search strategy
Studies were identified via specific scientific database searches (PSYCINFO, MEDLINE, SCOPUS) in November 2017.  Search terms used to generate results were CBT, cognitive behavio/ural therapy, self-help, acceptance and commitment therapy, internet based/delivered therapy/treatment, psychotherapy, psychological therapy/treatment/intervention, stress management, relaxation, mindfulness, psychoeducation, and hypnosis. These terms were combined with tinnitus.  Terms were searched for in keywords, abstracts, and titles of papers and filtered to include studies published between 2014 and 2017.  Unpublished databases were searched to identify further literature (White Rose Online) and the Cochrane Library was searched to identify existing reviews into this research area.  This process generated 292 papers.  An ancestry reference and citation search from the included papers was conducted which yielded no further papers.
[bookmark: _Toc514685286]Inclusion and exclusion criteria
Studies included in this review must have met seven criteria to be included.  First,  studies needed to investigate treatment effects on tinnitus specifically, not related conditions (e.g. hyperacusis, or misophonia).  Second, studies must have used outcomes measuring tinnitus distress (e.g. emotional, coping, or daily-living difficulties as a result of tinnitus).  Third, studies must have tested the effects of interventions by assessing outcomes pre- and post-intervention.  This could be using methodology such as repeated-measures or pre-post designs with no controls, or randomised controlled trials.  Fourth, interventions must have been psychological in nature, for example, CBT, counselling, relaxation, psychoeducation/coping skills, or mindfulness.  This included interventions with components of psychological intervention, for example, TRT consists of both audiological and psychological elements such as counselling and psychoeducation.  Fifth, studies must have used adult samples, and sixth, studies must have been published in or translated to English.  Finally, studies must have been published in peer-reviewed journals.
[bookmark: _Toc514685287]Study selection
The PRISMA guidelines for meta-analyses were followed to identify studies for selection (Moher, Liberati, Tetzlaff, Altman, & PRISMA Group, 2009; Figure 1).  Initial screens of titles and abstracts led to exclusion of clearly ineligible studies.  After 40 duplicates were removed, abstracts, titles, and keywords were searched using the seven inclusion criteria.  Of these, 127 papers were excluded due to not being intervention studies, including publications of trial protocols.  For example, Beukes et al. (2017a) published a protocol for an RCT investigating the effect of guided internet-based versus face-to-face clinical care in the management of tinnitus.  Case studies were excluded, for example, Richter et al. (2017) reported a case study exploring the effects of transcranial magnetic stimulation with CBT to treat tinnitus.  Fifty-one papers were reviews or commentaries ranging from prevalence to existing treatment for tinnitus.  For example, Folmer, Theodoroff, Martin, and Shi (2015) produced a commentary on whether tinnitus treatments are controversial and futuristic.  Thirty-one papers did not investigate tinnitus specifically, for example, Higuera, Errando, and Sorriano-Bru (2015) reported the effects of medical treatment for epidural anaesthesia, and Cavana and Stefano (2015) explored misophonia.  Fifteen papers did not use psychological intervention; for example, Ferrari et al. (2015) investigated treatment effects of sulodexide and melatonin medication.  Six papers were not published in English in any journal, and one book was excluded.  Three papers did not report sufficient data for meta-analyses and authors did not respond to requests for raw data.  These papers were disqualified from meta-analyses but included in narrative review and quality appraisal.  This left a total of 21 papers for  narrative review,18 of which were included in meta-analyses.  Table 1 reports characteristics of the included studies.
[image: ]
Figure 1. Screening process of studies throughout review using PRISMA guidelines

[bookmark: _Toc514685288]Data extraction 
	Data were extracted from studies, such as: authors, year of publication, study design (RCT or pre-post), country of recruitment, sample characteristics, control group, intervention, and outcome measures.  Results for primary measures of tinnitus distress were extracted, including treatment effect sizes where reported; in the absence of these, means and standard deviations were extracted and used to calculate effect sizes.
[bookmark: _Toc514685289]Intervention 
Interventions were categorised into three groups to allow for evaluation of the effectiveness of particular treatments on tinnitus outcomes.  These were; therapist-delivered CBT (including group-CBT whereby a protocol was clearly followed and delivered by a psychological therapist), guided self-help CBT (including self-help internet-delivered CBT where participants were offered guidance from a therapist), and ‘other’.  ‘Other’ was assigned to a mixture of interventions due to alternative interventions being too few to have their own category.  Such interventions were relaxation, mindfulness meditation, and psychoeducation.  Also, these included combined multidisciplinary interventions such as TRT, music therapy, and sound therapies.  Although some of these included elements of a CBT model, studies were only considered ‘other’ if CBT was clearly not the primary intervention.  Due to the variety in studies, an independent peer trainee clinical psychologist categorised a random sample (33%; k=6) of the studies into either therapist-delivered CBT, guided self-help CBT, or ‘other’ to ensure inter-rater reliability.  Cohen’s Kappa coefficient (k; Cohen, 1960) was used to assess level of agreement between assessors due to variables being categorical.  Inter-rater agreement was 100%, k =1, p<0.05. 
[bookmark: _Toc514685290]Study design
Studies were either RCTs where pre-post treatment effects were compared with controls, or they were pre-post study designs where treatment effects of one sample were reported.
[bookmark: _Toc514685291]Outcome measures
Studies used the following outcomes of tinnitus distress: Tinnitus Handicap Inventory (THI; Newman, Jacobsen, & Spitzer, 1996), Tinnitus Functional Index (TFI; Meikle et al., 2012), Tinnitus Questionnaire (TQ; Hallam, 1996), German Tinnitus Questionnaire (Goebel & Hiller, 1994), Mini-TQ (Hiller & Goebel, 2004), Tinnitus Cognitions Questionnaire (TCQ; Wilson & Henry, 1998), and Tinnitus Reaction Questionnaire (TRQ; Wilson, Henry, Bowen, & Haralambous, 1991).  Further properties of these measures can be found in Appendix A.	
[bookmark: _Toc514685292]Quality assurance
All studies were assessed using the Downs and Black Quality Checklist (1998), a 27-item checklist which assesses validity and confounding bias potentially present within randomised and non-randomised studies (Centre for Reviews and Dissemination, 2009).  Psychometric properties of the checklist reflect good internal consistency (KR-20 = .89), inter-rater reliability (r = .75) and test-retest reliability (r = .88) (Downs & Black,1998).  Items 1 to 10 assess reporting quality, items 11-13 assess external validity, items 14-20 assess bias, items 21-26 assess confounding, and item 27 assesses power.  In the current review, item 27 was simplified like previous studies where a score of ‘1’ indicated statistical power was reported and ‘0’ if not (Larson, Vos, & Fernandez, 2013; Samoocha, Bruinvels, Elbers, Anema, & Van der Beek, 2010).  For all other items (except item 5), a score of ‘1’ signals quality has been met, and ‘0’ indicates it has not (for item 5, a score of ‘2’ signifies quality has been fully met, and ‘1’ signifies it has been partially met).  The range of possible score points in the current review was 0-28, where 0-14 indicated poor quality, 15-19 indicated fair quality, 20-25 indicated good quality, and 26-28 indicated excellent quality (O’Connor, 2015).  For studies using non-RCT designs, some items were not applicable (items 14, 15, 17, 21, 22, 23, and 24).  For these, the possible total score was adjusted to reflect a more accurate percentage.  Approximately 20% of the studies (k=5) were quality-assessed by an independent peer trainee clinical psychologist, blind to the author’s ratings.  To determine inter-rater reliability, the intra-class correlation (ICC) value was calculated which is recommended for continuous variables (Koo & Li, 2016), using an online R software package (MAVIS: Meta-Analysis via Shiny, version 1.1.3; Hamilton, Aydin, & Mizumoto, 2016).  A figure of <0.75 indicates excellent reliability, and 0.5-0.75 good reliability (Fleis, 1986).
[bookmark: _Toc514685293]Meta-analytic strategy
Due to the difference in study designs, two meta-analyses were conducted to assess effectiveness of psychological interventions in reducing tinnitus distress, first, within RCT studies, and second, within pre-post studies (using no control group).  Meta-analyses were conducted using an online R software package (MAVIS, version 1.1.3; Hamilton, Aydin, & Mizumoto, 2016)
 For RCT studies, effect sizes (d; Cohen, 1988) of change in outcomes pre-and-post intervention compared to controls were obtained for all studies.  Where RCTs did not report between-group effect sizes (Conrad et al., 2015; Jasper et al., 2014), the author calculated these by comparing pre- and post-intervention means and standard deviations for intervention and control groups using an online effect size calculator (Lenhard & Lenhard, 2016).  Where RCTs compared more than two groups (Conrad et al., 2015; Henry, Stewart, Griest et al., 2016; Jasper et al., 2014), just one comparison of psychological intervention versus control was randomly selected for inclusion in the meta-analysis to prevent duplicate samples being included.  Sensitivity analyses were conducted to check that inclusion of a different comparison did not significantly alter results (Pannel, 1997).  For RCTs which conducted within-groups analyses (such as in pre-post studies), effect sizes were included in the pre-post meta-analysis, but no duplication of data occurred.
For pre-post studies, effect sizes (d; Cohen, 1988) of change in  outcomes pre-and-post intervention were also obtained.  For studies not reporting effect size or reporting Hedge’s g, the means and standard deviations for pre- and post-outcomes were obtained and effect sizes calculated using an online calculator by the author (Lenhard & Lenhard, 2016).  Cohen’s (1988) guidance was followed to interpret d=0.2 as a ‘small’ effect, d=0.5 as ‘medium’, and d=0.8 as ‘large’.  Studies which did not provide means and standard deviations were not included in the analysis as effect sizes could not be calculated.  
A series of subgroup meta-analyses were also conducted using RCTs and pre-post studies.  These were pre-planned to evaluate the effects of subgroups according to: treatment type (CBT or ‘other’); control group (wait-list or active controls receiving standard care, alternative treatment, or enrolled in a discussion forum); treatment setting (multi-disciplinary, group, internet, one-to-one); mode of CBT-delivery (therapist-delivered or self-help); study quality (good or fair), and sample size (studies with samples above or below 100 participants).
For each meta-analysis (including subgroup analyses), a random effects model was used to calculate sample-weighted average effect sizes, due to the heterogeneous nature of  studies (Borenstein, Hedges, Higgins, & Rothstein, 2009).  Confidence intervals and p values were also assessed, and forest plots were visually-inspected.  
To test heterogeneity, the Q and  statistics (Higgins & Thompson, 2002) were inspected.   A significant Q statistic (p<0.05) indicates  heterogeneity of effects, more so than can be accounted for by sampling error.  The  value indicates the amount of variance explained by between-study heterogeneity, and can be considered low (25%), moderate (50%), or high (75%) (Higgins, Thompson, Deeks, & Altman, 2003).   Publication bias was assessed by inspecting funnel plots, where asymmetrical distribution of individual effects around the mean may indicate publication bias (Sterne et al., 2011).  The Egger regression method was also used to assess publication bias (Egger, Smith, Schneider, & Minder, 1997; Sterne et al., 2011), where a significant t statistic (p<0.05) indicates bias.  Additionally, Orwin’s (1983) fail-safe N test was conducted to determine the number of studies with a weak effect size (d<.10) needed to reduce the overall effect of interventions analysed.
[bookmark: _Toc514685294]Results
[bookmark: _Toc514685295]Study characteristics
The characteristics of all 21 studies are presented in Tables 1 and 2.  Overall, 21 studies were included in the narrative synthesis review (total sample size N=7288).  For the first meta-analysis, 11 RCTs were included (total sample size N=635).  For the second meta-analysis, a total of 18 pre-post studies with 21 treatment groups were included (total sample size=7253).
Across all 21 studies, sample sizes ranged from 13 to 5536.  Baseline characteristics indicated participant age ranged from 22 to 90 years.  Nineteen studies provided a mean age, ranging from 45 to 61 years.  Eighteen studies reported baseline gender ratios, which included 3357 (46%) female participants and 3899 (54%) male participants.  Ten (47.6%) studies were conducted in Germany, 4 (19%) in the UK, 4 (19%) in the USA, 1 (4.7%) in the Netherlands, 1 (4.7%) in Japan, and 1 (4.7%) in France.  
[bookmark: _Toc514685296]Quality appraisal
Overall quality ratings can be found in Tables 1 and 2, and an itemised presentation of study quality is presented in Appendix B.  Studies were rated as ‘good’ (k=13), ‘fair’ (k=6), or ‘poor’ (k=2).  The intra-class correlation coefficient (ICC) was 0.98 indicating excellent inter-rater reliability for quality ratings (Fleis, 1986).  Difference in ratings did not alter the overall ‘good’, ‘fair’ or ‘poor’ rating and so agreement was reached to accept the author’s initial ratings.  
 All RCTs were appraised as ‘good’, with a quality score of at least 20 (Downs & Black, 1998) with no pre-post studies scoring above 17.  For items assessing reporting quality, pre-post design studies had the most variability.  One study failed to present clear aims, and four did not present enough information pertaining to outcome measures.  Two studies did not adequately provide sample characteristics and two did not clearly describe interventions.  Only four studies met the criterium for item 5, asking for a list of confounders to be presented.  Only one study presented a list of adverse events.  Three studies did not present estimates of random variability (e.g. standard deviations and means), four did not present actual p values, and four failed to describe participants lost to follow-up.  
Concerning external validity, this again was more variable within pre-post design studies.  Three studies did not report enough information on whether their samples represented their source population.  Interventions offered were generally representative of the treatment setting, however, for studies testing novel therapies or modified approaches (k=8) this was not the case.  For RCTs (k=11), few attempts were made to blind participants to treatment group (k=2) or to blind researchers (k=2).  Bias was low when assessing for ‘data dredging’, which was made clear by all studies, and all studies using a control group had the same follow-up lengths for both participants and controls (k=11).  All studies used appropriate statistical analyses, and all but one study provided enough information to signify reliable treatment compliance.  About half the studies reported information to signify accurate and reliable outcome measures were used (k=12).  
Concerning confounding, participants and controls were recruited from the same population for all RCTs (k=11).  All but one study recruited participants and controls over the same time period.  All but one RCT used concealed randomisation.  All studies made adequate adjustment for confounders when the main findings were drawn, and just over half the studies took losses to follow-up into account (k=13).   Only six studies reported a sample power analysis.
[bookmark: _Toc514685297]Methods and results of studies
Methodology and results of each study are presented in Tables 1 and 2.  Information regarding outcomes of tinnitus distress (not secondary measures) are reported as per the aims of this review.
[bookmark: _Toc514685298]Therapist-delivered CBT interventions	
Across studies employing therapist-delivered CBT (k=6), all were group-delivered, and session number ranged from 8 to 12 weekly sessions.  Five studies reported session duration which ranged from 90-120 minutes.  Components included: psychoeducation, cognitive restructuring, experiential exercises, and relaxation.  Four good quality RCTs investigated treatment effects of therapist-delivered group-CBT (GCBT) compared to controls (Conrad et al., 2015; Jasper et al., 2014; Malinvaud et al., 2016; McKenna, Marks, Hallsworth, & Schaette, 2017a).  Across these studies, when comparing with active control groups, such as discussion forum (DF) (Conrad et al., 2015; Jasper et al., 2014) and relaxation  (McKenna et al., 2017a), treatment effects favoured GCBT with small to large effect sizes.  Malinvaud et al. (2016) compared GCBT with a virtual-reality active control group and although effect size analysis indicated a small treatment effect for GCBT, comparison of THI scores for the two groups yielded no significant difference.  Conrad et al. (2015) found GCBT was superior to a DF control group but had comparable effects with internet-CBT (ICBT). Three pre-post studies investigated the effects of GCBT on tinnitus distress (Ivansic et al., 2017; McKenna, Marks, & Vogt, 2017b; Moschen et al., 2015), from which medium to large treatment effects for GCBT emerged.  One of these studies was only fair in quality (Moschen et al., 2015).
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Table 1. Characteristics of studies included in both narrative synthesis and meta-analysis 
	Study and country
	Intervention
	Control group
	Tinnitus distress primary outcome measure
	N 
	N controls
	Effect size (d)
	Narrative results
	Quality appraisal: total score, %, and rating

	RCT studies
	

	Argstatter  
et al., (2015)

Germany
	Music therapy within MDT.  Included directive counselling, resonance training, intonation training, and tinnitus reconditioning.
	Other- individual counselling
	TQ

	146

	144
	1.39

	Compared neuro-music therapy (including counselling) with pure counselling.  Repeated-measures ANOVA indicated that for both groups, mean tinnitus distress scores reduced post-intervention by 11.2 points for music therapy, and 2.3 points for counselling alone (p< 0.0001).  Comparison of music therapy to counselling alone had a large effect size (d = 1.39).
	22 (78%)
Good

	Arif, Sadlier, Rajenderkumar, James, & Tahir, (2017)

UK
	Mindfulness
	Other- relaxation
	TRQ

	34

	27

	0.13
	Between-groups analyses showed a mean difference on TRQ from pre to post-intervention between the mindfulness group and relaxation group was 8.24 in favour of mindfulness (p = 0.047).
	20 (71%)
Good

	Bauer et al., (2017)

USA
	Tinnitus Retraining Therapy (incl. counselling) within MDT

	Standard care
	THI

	19

	19

	0.45
	Intention-to-treat and per-protocol analysis was employed, with independent t-tests conducted pre and post-intervention, showing THI score significantly decreased post-intervention for TRT (p < 0.000) and for the SC group (p < 0.05).  
	21 (74%)
Good

	Beukes et al., (2017b)

UK
	Internet CBT: 8-week guided self-help programme via interactive e-learning session.
	WLC
	TFI
	73
	73
	0.7
	ITT analysis was employed for missing data.  Repeated-measures ANOVA indicated that tinnitus distress reduced post-intervention by 21 points for ICBT, and by 5 points for WLCs indicating a significant difference between-groups (p= 0.05).  The difference in reduction favoured ICBT with medium-large effect (d = 0.7).
	24 (85%)
Good

	Conrad et al., (2015)

Germany
	Group CBT (8 sessions) including psychoeducation, cognitive restructuring, and relaxation.

ICBT (18 modules) including psychoeducation, cognitive restructuring, and relaxation. Guidance was available from a therapist.


	Other- Discussion forum
	TCQ-total
(TCQ-TCT, and TCQ-TAC)
	43
	44
	0.47
	Subscales of the TCQ were analysed comparing group-CBT, ICBT, and DF: ANOVA showed a significant main effect of time for TCT (p<.001) and TAC (p<.001).  Main effect of group was not significant for TCT (p=.346) or TAC (p=.744).  ICBT versus DF ANOVA indicated significant time x group interactions (p=.023) but main effect of group was not significant (p=1.21).  For GCBT versus DF, ANOVA showed significant time x group interaction (p<.001) but not for main effect of group (p=.472).  Effect sizes were calculated for TCQ total score within-groups: score post-ICBT improved (d=.75), score post-GCBT improved (d=.75) with both being retained at 6 and 12-month follow up.  

Note: for the current meta-analysis, one comparison- GCBT vs DF- was selected for inclusion.
	20 (71%)
Good

	Henry, Stewart, Griest, Kaelin, Zaugg, & Carlson, (2016)

USA
	Tinnitus retraining therapy (sound therapy plus counselling)

TM (tinnitus masking; ear-level sound generators fitted)

TED (educational counselling providing information on tinnitus)
	WLC
	THI
	34
	33
	0.52
	Repeated-measures ANOVA showed that at 3-months post-intervention, for TRT versus WLC, the mean difference in THI score change was -13.02 (p<0.001) with a medium effect size (d= 0.52).  For TM versus WLC, mean difference in score was -10.99 (p=.001, d=0.44).  For TED versus WLC, mean difference was -6.84 (p=0.046, d=0.27). The mean difference in scores between TM and TED was not significant (p=0.197) or for TRT versus TED (p=0.070).  Significant mean differences were maintained for all groups versus WLCs at 6 months, but not at 12 or 18 months post-intervention.

Note: for the current meta-analysis, one comparison- TRT vs WLC- was selected for inclusion.
	21 (74%)
Good

	Henry et al., (2017)

USA
	Progressive tinnitus mgmt. MDT-led with audiologist and psychologist. Five weekly workshops covering sound therapy and CBT coping techniques such as: relaxation, activity planning, and cognitive restructuring.
	WLC
	TFI

	112

	119

	0.36
	ANOVA and linear mixed model were employed.  Interventions were conducted across two sites with site-results and the combined results analysed.  At site 1, change in TFI scores for PTM was -6.15 (p=.0194) and for WLC was -0.55 (p=.9990).  At site 2, change in TFI scores for PTM was -6.06 (p=.0476) and 3.69 for WLC (p=.3802).  Combined results indicated scores on TFI significantly reduced in participants who had PTM by 7.67 points more than WLCs (p = 0.0005)
	24 (85%)
Good

	Jasper et al., (2014)

Germany
	Group CBT: 10 sessions including psychoeducation, avoidance behaviours, and relapse prevention.

Internet CBT: 12 modules hosted online, including relaxation, positive imagery, cognitive restructuring. Guidance was available from a therapist.
	Discussion forum
	THI

	40
	43
	1.00
	Repeated-measures ANOVA indicated significant time x group interaction effects post-intervention on THI in favour of GCBT (n=40) and ICBT (n= 38) over DF (n= 43; all p<0.001).  No significant differences were observed between GCBT and ICBT (all p>0.05).  Treatment effects remained stable at follow up.  
	23 (82%)
Good

	Malinvaud et al., (2016)

France
	Group CBT: Therapist-delivered 8-session with a focus including psychoeducation, cognitive restructuring, and exposure techniques.
	Virtual reality: patient was immerged in VR with sensorimotor interaction.  Patient completes a task whilst aim is for integration of visual, auditory and proprioceptive information.
	THI

	44
	50
	0.37
	This study also included a WLC group but they were not used for comparison.  ANOVA was employed to compare GCBT and VR.  Difference between THI sores post-intervention were not significant (p=0.062).  
	20 (71%)
Good

	McKenna et al., (2017a)

UK
	Mindfulness-based CBT: Therapist-delivered 8-sessions with emphasis on cognitive model of tinnitus and attentional processes.
	Relaxation training: 8-sessions Therapist-delivered with focus on psychoeducation and experiential relaxation.
	TQ
	34
	28
	0.49
	Linear mixed modelling was employed.  Both groups showed significant reduction in TQ score from pre- to post-treatment but was 6.3 points lower in MCBT group than RT which was significant (p=0.016) with a medium effect size (d=0.49).  Differences at 1 month follow up were not statistically significant but was at 6-month follow up where the adjusted mean score for MCBT was 7.2 points lower than RT (p=0.006) with a medium effect size (d=0.56).
	23 (82%)
Good

	Weise et al., (2016)

Germany
	Internet CBT: 10-week guided self-help programme including relaxation, exposure to tinnitus, and cognitive restructuring.
	Online discussion forum
	THI

	58
	61
	0.9
	Tinnitus distress and associated psychological distress outcomes were investigated.  Comparing ICBT with a DF control group, multivariate ANOVA indicated significant main effects for group (p=.003), time (p<.001), and time X group interaction (p<.001) which favoured ICBT.  Large between-group effect sizes supported ICBT as the more effective treatment for reducing tinnitus distress.  
	22 (78%)
Good

	Pre-post studies
	
	
	
	
	
	
	
	

	Arif et al., (2017)

UK
	Mindfulness meditation

Relaxation therapy
	-


-
	TRQ


TRQ

	34


27

	-


-
	1.55


1.23


	See above
	See above

	Argstatter et al., (2015)

Germany
	Music therapy

Counselling 
	-

-
	TQ

TQ
	146

144
	-

-
	0.94

0.32

	See above
	See above

	Bauer et al., (2017)

USA
	Tinnitus Retraining Therapy (incl. counselling)

SC (standard care incl. counselling)
	-




-
	THI




THI
	19




19

	-




-
	1.32




0.83
	See above
	See above

	Conrad et al., (2015)

Germany
	ICBT

Group-CBT
	-

-
	TCQ

TCQ
	41

43

	-

-
	0.75

0.69
	See above
	See above

	Ivansic et al., (2017)

Germany

	MDT daycare (incl. group therapy- counselling, CBT)
	-
	TQ
	308

	-
	1.51

	Repeated-measures ANOVA showed significant difference in tinnitus annoyance on TQ over time (F(4, 304) = 202,201, p < 0.001).  Post hoc analysis showed large reduction in score from pre to post intervention.
	17 (80%)
Good

	Jasper et al, (2014)

Germany

	Internet CBT

Group CBT
	-

-
	THI

THI
	41

43
	-

-
	0.71

0.81
	See above
	See above

	Malinvaud et al., (2016)

France

	Group CBT
	-
	THI
	55
	-
	0.81
	See above
	See above

	Mckenna et al., (2017a)

UK

	Relaxation therapy

Mindfulness-based CBT
	-


-
	TQ


TQ
	28


34
	-


-
	0.9


1.23
	See above
	See above

	McKenna et al., (2017b)

UK
	Mindfulness-based CBT: 8 sessions including psychoeducation, cognitive model of tinnitus, and meditation practices.
	-
	TQ

	182

	-
	0.72

	Paired samples t-test indicated tinnitus distress reduced significantly from pre to post-intervention (p<0.001) with a mean difference of -12.08 points and medium to large effect size (d=0.72).  Scores remained low at 6-week follow-up (p<0.001).  
	16 (76%)
Good

	Moschen et al., (2015)

Germany
	Group CBT: 12- sessions c including relaxation, vicious cycle of tinnitus, and attentional factors.
	-
	TQ
	68
	-
	0.97
	A dependent sample t-tests showed significant differences between tinnitus distress (TQ) from pre to post-intervention (p<0.001, g=-0.876).  
	13 (61%)
Fair

	Ostermann et al., (2016a)

Germany
	Combination approach of CBT elements with Auditive Stimulation Therapy: including counselling, progressive muscle relaxation, and attentional management with music therapy.
	-
	TQ
	5536


	-
	1.03
	Modified t-test accounting for regression to the mean was employed.  TQ total score reduced by -18.6 points from pre to post-intervention (p<0.001) with a large effect.  All improvements were sustained at 6 month follow up.  Subscales of the TQ showed highly significant improvements for somatic complaints (d=0.31), and cognitive distress (d=-1.03).
	15 (71%)
Fair

	Schaaf et al., (2017)

Germany

	Neuro-otologic therapy 
	-
	MTQ

	169

	-
	2.65

	T tests showed a significant difference between MTQ score pre and post-intervention (t(168) = 24.325, p < 0.001), which was maintained at follow-up (t(168) = 23.298, p < 0.001).  
	9 (42%)
Poor

	Seydel et al., (2015)

Germany
	Modified tinnitus retraining therapy: including daily acoustic therapy, with daily group CBT
	-
	TQ

	130

	-
	0.5
	The authors’ primary aim was to assess 3-year follow-up outcome data.  ANOVA revealed scores on the TQ significantly reduced from pre to post-intervention (p<0.001) which was sustained at 3[year follow-up (p<0.0001).  For the current meta-analysis an effect size is reported for TQ score mean difference from pre to post-intervention (d=0.5).
	14 (66%)
Fair

	Wakabayashi et al., (2017)

Japan
	Sound therapy with counselling
	-
	THI

	100

	-
	0.7

	For the aims of this study, patients were split into ‘sleep disorder’ (n = 66) or ‘normal sleep’ (n = 34) groups.  No differences were observed on measures of sleep post-intervention.  Questionnaire data of all participants showed significant reductions were observed for tinnitus distress (p = 0.001).
	14 (66%)
Fair

	Weise et al., (2016)

Germany

	Internet CBT
	-
	THI

	62 

	-
	1.38

	See above.
	See above


Table 2. Characteristics of additional studies included in only narrative synthesis
	Study
	Intervention
	Control
	Outcome
	N 
	N controls
	Result
	Quality appraisal total score, %, and rating

	Ostermann et al., (2016b)

Germany

	Tinnitus retraining therapy including counselling
	-
	THI 

	70

	-
	Self-evaluation showed TRT significantly improved tinnitus (THI) and facial dysesthesia in 76% of patients.  Mean THI score decreased from pre to post-intervention from 67.14% to 32.19% (p < 0.05).  
	7 (33%)
Poor

	Roland et al., (2015)

USA

	Mindfulness-based stress reduction: 8 sessions including meditation, mindful movements, and psychoeducation.
	-
	TFI

	13
	-
	Following MBSR, Friedman’s test showed a significant difference in median TFI scores ((2) = 8.77, p = 0.012), from pre to post-intervention.
	12 (57%)
Fair

	Wagenaar et al., (2016)

Netherlands
	Psychoeducational workshop: focusing on cognitive model of tinnitus, stress reactions and maladaptive coping, and identifying self-help interventions.
	-
	THI
	75
	-
	T-tests revealed THI total score did not significantly reduce from pre to post-intervention (p=0.25) but this was significant at 12-month follow-up (p<0.01).  No THI subscale reduced significantly from pre to post-intervention but all were significant at follow-up (all p<0.01).  
	13 (61%)
Fair




[bookmark: _Toc514685299]Guided self-help CBT
Guided self-help interventions were delivered on the internet (k=4).  Studies reported number of modules ranging from 12-18 which included topics on applied relaxation, cognitive restructuring, psychoeducation, and experiential exercises.  All interventions offered therapist-guidance through feedback, support, and recommendations.  Two good quality RCTs compared tinnitus distress outcomes post-guided ICBT with wait-list controls (WLCs) and a DF group (Beukes et al., 2017b; Weise et al., 2016 respectively).  Both studies favoured ICBT with medium to large treatment effects.  Conrad et al.’s good quality study (2015) reported comparable treatment effects between ICBT and GCBT, and Jasper et al.’s good quality study (2014) indicated a medium-large within-group effect size for ICBT.
[bookmark: _Toc514685300]‘Other’ interventions
The characteristics of studies which employed ‘other’ interventions are described in Tables 1 and 2.  Across combined interventions, the most common was TRT (k=3; Seydel et al., 2015; Ostermann et al., 2016b; Bauer et al., 2017) where modules including acoustic therapy and counselling were delivered by MDTs including otorhinolaryngology specialists, clinical psychologists, and physiotherapists.  Other interventions were virtual-reality (k=1; Malinvaud et al., 2016), neuro-music therapy (k=1, Argstatter et al., 2015), combined auditive stimulation, progressive muscle relaxation with CBT (k=1; Ostermann et al., 2016a), MDT daycare (k=1; Ivansic et al., 2017), neuro-otologic therapy (k=1; Schaaf et al., 2016), and stepped-care psychoeducation (Henry et al., 2017).  
Across combined interventions, findings indicated medium to large treatment effects on tinnitus distress from good quality studies (Argstatter et al., 2015; Bauer et al., 2017; Henry et al., 2016; Henry et al., 2017), and also studies fair and poor in quality (Ostermann et al., 2016a; Schaaf et al., 2017; Seydel et al., 2015; Wakabayashi et al., 2017).  Ostermann et al. (2016b) reported a 50% reduction in tinnitus distress  after 3 months of TRT.  Although combination approaches overall yielded treatment effects, Henry et al.’s (2016) study found no significant differences in outcomes between TRT and tinnitus educational counselling alone.  Although Ostermann et al. (2016a) used a large sample size, their study was poor in quality.
One good (Arif et al., 2017) and one fair quality study (Roland et al., 2015) employed mindfulness alone.  Results indicated small treatment effects in favour of mindfulness on outcomes of tinnitus distress.  Within-groups analyses indicated controls receiving relaxation therapy also improved on outcomes of tinnitus distress (Arif et al., 2017) but to a slightly lesser degree than mindfulness meditation.
One fair quality study employed a psychoeducational approach alone (Wagenaar et al., 2016) and found no significant reduction in tinnitus distress immediately post-intervention but did so at 12-month follow up.  
[bookmark: _Toc514685301][bookmark: _Hlk512866686]Primary meta-analysis
Figure 2 displays the distribution of effect sizes of psychological interventions in reducing tinnitus distress (k=11, n=635).  The overall sample-weighted average effect size was =0.64 (95% confidence intervals; CI: 0.40-0.87).  Overall, psychological interventions had a significant medium to large effect on reducing tinnitus distress in line with Cohen’s (1988) criteria.  The Q statistic was significant, Q(10) = 47.23, p < .0001, = 73%, indicating effect sizes obtained from studies were moderately to highly heterogeneous (Higgins & Thompson, 2003).   
[image: ]
Figure 2. Forest plot to show the distribution of effect sizes in a random effects model meta-analysis of RCTs evaluating the effectiveness of psychological interventions in reducing tinnitus distress.  Pooled effect sizes (d+) and confidence intervals are displayed.

[bookmark: _Toc514685302]Publication bias
Figure 3 presents the funnel plot of effect sizes.  Visual inspection of this shows asymmetrical distribution of effect sizes around the mean indicating publication bias.  However, the Egger regression test (Egger et al., 1997) was not significant (t(9)=-1.37, p=0.20) suggesting no publication bias.  Orwin’s (1983) fail-safe N suggested 11 studies with a trivial effect size (d=.10) would be required to discount the finding that psychological interventions are effective in reducing tinnitus distress.

[image: ]Figure 3. Funnel plot showing the distribution of individual effect sizes around the mean effect size for a  meta-analysis of RCT studies evaluating the effectiveness of psychological interventions in reducing tinnitus distress

[bookmark: _Toc514685303]Subgroup analyses for primary meta-analysis on RCT studies
A subgroup analysis was conducted for RCT studies on treatment type.  Medium to medium-large significant treatment effects emerged for both CBT and ‘Other’ interventions ( = 0.65 and 0.59 respectively).  The Q statistic was significant for ‘Other’ interventions (Q(4)=39.95, p<.001, =90%) indicating heterogeneity, but not for CBT (p=0.24).  A subgroup analysis was also conducted on control group type.  Medium to large significant treatment effects emerged for both WLC and Active control subgroups (=0.49 and 0.83 respectively).  The Q statistic was significant for Active controls  (Q(7)=37.01, p<.000, =81%) indicating heterogeneity, but not for WLCs (p=0.29) (see Table 3).    
	Table 3. Subgroup analyses on RCT studies


	
	k
	N
	Q (df)
	 (%)
	95% CI
	

	Treatment type

	CBT
	6
	292
	6.7847 (5)
	26%
	0.28-1.02
	0.65***

	‘Other’
	5
	343
	39.95*** (4)
	90%
	0.19-1.01
	0.59**

	Overall
	11
	635
	47.23*** (10)
	79%
	0.35-0.90
	0.63***

	
	
	
	
	
	
	

	Control group type

	WLC
	3
	219
	2.45 (2)
	18%
	0.05-0.99
	0.52*

	Active 
	8
	416
	37.01*** (7)
	81%
	0.37-0.98
	0.68***

	Overall
	11
	635
	47.23*** (10)

	79%
	0.38-0.89
	0.63***

	Note. *p < 0.05, **p < 0.01, ***p < 0.001. WLC = waitlist control




[bookmark: _Toc514685304]Secondary meta-analysis on pre-post studies
	A second meta-analysis was conducted on pre-post studies (k=18, 21 treatment groups, n=7253).  Figure 3 displays the forest plot of distribution of pre-post effect sizes.  The sample-weighted average effect size of psychological interventions on tinnitus distress was =1.02 (95% CI: 0.79 to 1.24), indicating psychological interventions had a significant large effect on outcomes of tinnitus distress in line with Cohen’s (1988) criteria.  The Q statistic was significant, Q(20)=229.2801, p<.0001, =93%, indicating high heterogeneity (Higgins & Thompson, 2002).  
[image: ]
Figure 4. Forest plot to show the distribution of effect sizes in a random effects model meta-analysis of pre-post studies  evaluating the effectiveness of psychological interventions in reducing tinnitus distress.  Pooled effect sizes (d+) and confidence intervals are displayed.
[bookmark: _Toc514685305]Publication bias
Figure 5 presents the funnel plot of effect sizes.  Visual inspection shows asymmetrical distribution of effect sizes around the mean, indicating publication bias.  However, the Egger regression test (Egger et al., 1997) was not significant (t(19)=-0.10, p=0.02) suggesting no publication bias.   Fail-safe N using Orwin’s formula (1983) indicated 21 studies with a trivial effect size (d = 0.10) would be required to discount the overall treatment effect.
[image: ]Figure 5. Funnel plot showing the distribution of individual effect sizes around the mean effect size for a meta-analysis of pre-post studies evaluating the effectiveness of psychological interventions in reducing tinnitus distress

[bookmark: _Toc514685306]Subgroup analyses for secondary meta-analysis
[bookmark: _Toc514685307]Nature of the intervention
A subgroup analysis of treatment type was conducted on the 18 pre-post studies (with 21 treatment groups, total sample size of n=7253).  Large significant treatment effects emerged for both CBT and ‘Other’ subgroups (=0.92 and 1.13 respectively).  The Q statistic was significant and indicated heterogeneity for both the CBT (Q(10)=63.46, p<.001, =84%) and ‘other’ (Q(9)=164.85, p<.001, =95%) subgroups (see Table 4).  
A subgroup analysis of treatment setting was conducted, where groups were: MDT, group, internet, and one-to-one.  All subgroups yielded significant treatment effects ranging from medium to large to very large (=0.87 to 1.18).  The Q statistic was significant and indicated heterogeneity for MDT (Q(7)=167.71, p<.001, =96%), internet (Q(2)=6.45, p<.05, =69%), and one-to-one (Q(2)=23.53, p<.001, =91%) subgroups but not for the ‘group’ subgroup (p=0.68) (see Table 4).  
A subgroup analysis of mode of CBT-delivery was conducted on studies using CBT (k=11, n=1007).  Subgroups were therapist-delivered CBT and self-help CBT.  Results indicated a large significant effect for therapist-delivered CBT (=0.91), but the effect size was non-significant for self-help CBT (p=3.04).  The Q statistic was significant for both therapist-delivered (Q(7)=57.06, p<.001, =88%) and self-help (Q(2)=6.40, p<.05, =69%) subgroups indicating heterogeneity (see Table 4).
	Table 4. Subgroup analyses on pre-post studies: Nature of intervention


	
	k
	N
	Q (df)
	 (%)
	95% CI
	

	Treatment type

	CBT
	11
	1007
	63.46*** (10)
	84%
	0.61-1.22
	0.92***

	‘Other’
	10
	6246
	164.85*** (9)
	95%
	0.81-1.46
	1.13***

	Overall
	21
	7253
	229.28*** (20)
	91%
	0.79-1.24
	1.02***

	
	
	
	
	
	
	

	Treatment setting

	MDT
	8
	6427
	167.71*** (7)
	96%
	0.84-1.52
	1.18***

	Group 
	7
	451
	3.95 (6)
	0%
	0.49-1.24
	0.87***

	Internet
	3
	146
	6.45* (2) 
	69%
	0.38-1.51
	0.95**

	One-to-one
	3
	229
	23.53*** (2)
	91%
	0.39-1.54
	0.97***

	Overall

	21
	7253
	229.28*** (20)
	91%
	0.81-1.23
	1.02***

	CBT delivery
	
	
	
	
	
	

	Therapist-delivered
	8
	863
	57.06*** (7)
	88%
	0.60-1.21
	0.91***

	Self-help
	3
	144
	6.40* (2)
	69%
	0.43-1.46
	0.95

	Overall
	11
	1007
	63.46*** (10)
	84%
	0.66-1.18
	0.92***

	Note. *p < 0.05, **p < 0.01, ***p < 0.001. 



[bookmark: _Toc512863062][bookmark: _Toc514685308]Study design
A subgroup analysis on studies which yielded ‘good’ or ‘fair’  appraisals was conducted.  Only one study yielded a ‘poor’ appraisal so was excluded from this analysis.  Significant medium to large effect sizes emerged for both ‘fair’ and ‘good’ subgroups (=0.79-0.96 respectively).  The Q statistic was significant and indicated heterogeneity for the ‘good’ subgroup (Q(15)=86.26, p<.001, =83%) but not the ‘fair’ subgroup (p=1.04) (see Table 5).
A subgroup analysis of large samples (over 100 participants per study) and smaller samples (under 100 participants per study) was conducted.  Significant large treatment effects emerged for both ‘above 100’ and ‘below 100’ subgroups (=1.04 and 1.00 respectively).  The Q statistic was significant and indicated heterogeneity for the ‘above 100’ subgroup (Q(7)=212.93, p<.001, =97%) but not for the ‘below 11’ subgroup (p=0.19) (see Table 5).
	Table 5. Subgroup analyses on pre-post studies: Study design


	
	k
	N
	Q (df)
	 (%)
	95% CI
	

	Study quality

	Fair
	4
	5833
	22.44 (3)
	87%
	0.44-1.16
	0.79***

	Good
	16
	1213
	86.26*** (15)
	83%
	0.76-1.16
	0.96***

	Overall
	21
	
	229.28*** (20)
	91%
	0.84-1.19
	1.02***

	
	
	
	
	
	
	

	Sample size

	Above 100
	8
	6712
	212.93*** (7)
	97%
	0.73-1.35
	1.04***

	Below 100
	13
	503
	15.99 (12)
	25%
	0.73-1.27
	1.00***

	Overall
	
	
	
	
	
	

	Note. *p < 0.05, **p < 0.01, ***p < 0.001. 



  
[bookmark: _Toc514685309]Discussion
	The current review systematically evaluated studies investigating the effectiveness of psychological interventions in reducing tinnitus distress.  The study search identified 292 papers of which 21 were reviewed.  Two separate meta-analyses were conducted to synthesise treatment effects across 18 of these studies; one on RCTs, and one on pre-post non-RCT studies.  
 	Across all studies employing a range of psychological interventions, the findings indicate medium to large treatment effects for reducing tinnitus distress.  Due to the heterogeneity across studies evaluated, they will be explored via intervention type.
[bookmark: _Toc514685310]Therapist-delivered CBT
	Although there are common elements of a CBT approach (e.g. cognitive restructuring, psychoeducation), those evaluated in this review varied in number of sessions, duration, and outcomes measured, suggesting findings of the current review must be interpreted with caution.  The majority of therapist-delivered CBT interventions were effective in reducing tinnitus distress, supporting findings from previous reviews (Zenner et al., 2017; Cima et al., 2014; Grewal et al., 2014; Jun & Park, 2013; Hesser et al., 2011; Martinez-Devesa et al., 2010).  These interventions focused on educating and addressing behavioural responses and cognitive appraisals of tinnitus to reduce distress.  This supports the cognitive model of tinnitus, positing that maladaptive appraisal of tinnitus is associated with the maintenance of distress.
On the contrary, some findings suggested GCBT was not significantly better than a virtual-reality comparison group (Malinvaud et al., 2016), and at 6 and 12-month follow-up, GCBT was comparable to self-help guided ICBT (Conrad et al., 2015).  This highlights potential for other therapies to yield similar treatment effects.  Further research is needed to understand how different interventions may target particular symptoms of tinnitus distress, and CBT may not be considered a ‘one size fits all’ intervention.  This may support previous review conclusions that although CBT was effective in reducing tinnitus distress, its delivery as part of an MDT within a combination approach was recommended (Cima et al., 2014, Grewal et al., 2014; Wan Suhailah et al., 2015). 
	The current review endorsed a broad definition of CBT, allowing for inclusion of recent developments such as mindfulness-based techniques.   Medium effect sizes were reported for mindfulness-based CBT with effects maintained at 6-month follow up (McKenna et al., 2017a; McKenna et al., 2017b) which supports existing literature (Philippot et al., 2011).  However, further evaluation of this treatment for tinnitus must be explored with more studies.  
[bookmark: _Toc514685311]Guided self-help CBT
The findings indicated guided self-help CBT was effective in reducing tinnitus distress supporting previous review findings (Nyenhuis et al., 2013).  Subgroup meta-analyses indicated the pooled-treatment effect for self-help CBT was non-significant, whereas that for therapist-delivered (face-to-face) CBT was significant and large.  This contradicts review findings from Nyenhuis et al. (2013) which found small to medium treatment effects for self-help CBT on reducing tinnitus distress, and face-to-face therapy was no better than self-help CBT.   However, where Nyenhuis et al. (2013) reviewed ten studies, the current review’s subgroup-analysis included only three studies using self-help CBT.  Further evaluation of self-help approaches is therefore needed with more studies.  
Additionally, the current review supports evidence that ICBT is effective in reducing tinnitus distress (Hesser et al., 2012; Kaldo et al., 2004; Nyenhuis et al., 2013).  Subgroup meta-analyses indicated ICBT had a large pooled-treatment effect, although significance levels were slightly better for group, one-to-one, and MDT subgroups.  Further evaluation of delivery modes may elucidate whether one is favoured over another. The effectiveness of ICBT may have practical clinical implications being cheaper to deliver and more accessible to rural areas.  Further evaluation of a larger number of such interventions is needed.
[bookmark: _Toc514685312]‘Other’ or combination interventions
The review findings also suggested combined or MDT interventions may also be effective in reducing tinnitus distress, with a significant medium pooled-treatment effect.  This supports recommendations for more holistic treatments for tinnitus (Wan Suhailah et al., 2015; Cima et al., 2014, Grewal et al., 2014).  The pooled-effect size for ‘other’ interventions in the second meta-analysis was large, but the high heterogeneity of this group may have impacted this.  The range of approaches included music therapy, neuro-otologic counselling, TRT, and interdisciplinary daycare, some of which require further evaluation and replication to support their efficacy.   Studies which employed other non-combination interventions, such as mindfulness alone without CBT (Arif et al., 2017; Roland et al., 2015) and psychoeducation (Wagenaar et al., 2016) saw small to no treatment effects on tinnitus distress respectively, suggesting such interventions may be too reductionist in approach.  However, due to the small number of these studies analysed, results must be viewed with caution and further evaluation is needed with greater numbers of studies.
Study quality also varied among combined interventions from good, fair, and poor, highlighting variability in methodology.  This issue was previously indicated by Thompson et al. (2016), who identified twenty-four different reported psychological treatments of tinnitus.  Further, Zenner et al. (2016) reported sixty different treatment modalities for tinnitus, where some of these contained elements of psychological intervention.  This emphasises methodological limitations in evaluating such varied approaches, and further evaluation is  required to synthesise their key elements.  Preferably, such techniques would be tested using robust methodology such as RCT design to increase study quality.
[bookmark: _Toc514685313]What factors could be associated with treatment efficacy?
[bookmark: _Toc514685314]Intervention
The first meta-analysis indicated treatment effects did not greatly differ for CBT and ‘other’ subgroups, and all treatment settings (MDT, group, internet, one-to-one) separately yielded significant treatment effects.  This suggests no one treatment type or setting can be considered ‘better’ than the other from the findings, this being an area for future statistical analysis.   However, the MDT subgroup had a very large effect size, supporting findings recommending more holistic treatments for tinnitus (Wan Suhailah et al., 2015; Zenner et al., 2016).  
[bookmark: _Toc514685315]Control group
Interestingly, findings indicated a slightly stronger treatment effect for interventions when comparing with active treatment controls, than for WLCs.  Larger treatment effects when compared to active controls may suggest interventions in these trials were better than those employed in trials comparing with WLCs.   Alternatively, it could indicate the active comparator interventions (relaxation, counselling, virtual reality) were less beneficial than being on a waiting-list.  This contradicts review findings from Hesser et al. (2011), which indicated actively receiving treatment as a control was better than being on a waiting-list as a control.   However, Phillips et al. (2017) evaluated no-intervention periods in controlled trials for psychological treatment for tinnitus and found wait-list controls showed a small but significant improvement in their symptoms over time, which could explain the lesser treatment effect in the current meta-analysis for studies comparing with WLCs. 
[bookmark: _Toc514685316]Study quality
Studies appraised as ‘good’ yielded a large significant pooled effect size.  This may indicate  such studies employed better interventions.  Publication bias may be present, as ‘good’ quality studies are more likely to be published (often RCTs), and treatment effects can appear inflated.  It would be recommended future evaluation of studies within grey literature with a range of quality and non-significant results be conducted.  Both large and smaller sample sizes yielded large pooled-effect sizes when analysed separately so it remains unclear whether sample size impacted on overall treatment effect.  
[bookmark: _Toc514685317]Strengths and limitations
	Findings from the current review must be viewed in consideration of its limitations.  Regarding the studies evaluated, 95% were conducted in Europe or the USA, limiting cross-cultural generalisability of treatment effects.  Also, non-RCT studies lacked a control group comparison, precluding any causal inferences, and limiting power.  A reduction in symptoms may have occurred over time with or without treatment and difference in outcome measures may not conclusively be reflective of treatment effects.  Although 62% of studies were appraised as ‘good’ quality, this number could have been higher if the methodological issues had been addressed within studies (such as reporting confounding factors, power analyses, and adverse events).  As a strength, outcome measures within each study had good psychometric properties.  However, the multiple measures across studies assessing tinnitus distress may call for a consensus to be drawn on one consistent measure.
Limitations within the current review methodology are present.   Studies evaluated were all published in peer-reviewed journals and the majority published in English, which can lead to publication bias (Rosenthal, 1979) and an overestimation of treatment effects (Cuijpers, Smit, Bohlmeijer, Hollon, & Andersson, 2010).  However, some tests for bias were not significant (Egger’s regression method, 1997), and attempts were made to anticipate and address this issue by searching grey literature and determining a fail-safe N.  For the RCT meta-analysis, the number of studies needed to discount overall treatment effect was 11; this may be impacted by the small number of studies included in this analysis (k=10).  The number was higher for the pre-post meta-analysis (21 studies needed) which may indicate less publication bias.  
	Further, subgroup analyses should be interpreted with caution as they examine different treatment effects based on groups differing on only one variable, so other factors may be impacting any difference observed (Kent et al., 2010).  To categorise intervention type into a large enough subgroup for analysis, anything other than CBT was pooled into one group (‘other’), so this subgroup had a high level of heterogeneity, which limits interpretation of results.  Variability in ‘other’ interventions means subgroup analyses could not be completed on them as subgroup sample size would be too small.  Additionally, the subgroup analysis of sample size could be considered too simple (subgroups were either samples over 100 or under 100 participants).  A subgroup analysis of sample power may have been more useful, but it was not conclusive as to which studies used samples with sufficient power.  Future meta-analyses can be conducted with a larger number of studies to address some of these issues.
The heterogeneous characteristics of the studies can conversely, be considered a strength, as it signifies an inclusive approach, where a wide range of psychological interventions were evaluated rather than just CBT as in some previous reviews (Cima et al., 2014; Hesser et al., 2011; Martinez-Devesa et al., 2010).  However, inclusion criteria meant studies testing Acceptance and Commitment Therapy (ACT) for tinnitus did not conform to the 2014-2017 publication period, limiting a large area of psychological intervention.  
The review’s systematic approach meant no preconceived hypotheses clouded the process of study selection.   Also, the quality appraisal (and high level of inter-rater agreement by a second coder on a subsample of papers) provides information on methodology and rigor of studies testing novel psychological approaches, contributing to new evidence-bases.   A further strength is this review evaluated up-to-date data (from the last four years) derived from interventions currently being employed in a variety of settings.
[bookmark: _Toc514400281][bookmark: _Toc514685318]Clinical implications and future directions
The finding that CBT interventions are effective in reducing tinnitus distress supports the need for increased provision of CBT for tinnitus.  The findings also evidence effectiveness of self-help-based CBT interventions, like those delivered on the internet, and increased provision of such interventions would widen access to treatment.  Also, the effectiveness of combined (MDT) approaches to treating tinnitus has implications for treatment delivery across health and psychological settings, calling for more joint-working.  Such approaches may translate effectively into existing stepped-care models within health services, where patients can gradually see a variety of multidisciplinary health professionals according to their care-needs and level of distress.
Previous research has indicated that the psychoacoustic elements of tinnitus (e.g. loudness and pitch) are not associated with how distressing experience is, but rather, appraisal is a key factor (Henry & Meikle, 2000; Hiller & Goebel, 2007).  The findings may contribute to the wider understanding of appraisals and distress in other cognitive experiences, such as intrusive thoughts (Clark & Purdon, 2005), involuntary musical imagery (INMI) (Taylor et al., 2011), and auditory and visual hallucinations (Mawson, Cohen, & Berry, 2010; Gauntlett-Gilbert & Kuipers, 2005), where one may explore the notion that there are common mechanisms associated with psychological distress across a range of cognitive experiences.  
The current findings endorse interventions for tinnitus which challenge maladaptive appraisals, such as CBT.  Future evaluation of CBT and other techniques which can challenge maladaptive appraisals, such as in mindfulness and ACT, is therefore recommended. Additionally, further exploration of appraisals across a range of cognitive experiences (such as obsessive intrusive thoughts and INMI) is recommended to strengthen understanding of appraisal and potential mechanisms of distress.  
Future studies may also explore tinnitus distress within clinical populations where there are co-morbid psychological difficulties.  This may help elucidate why some experience distress with tinnitus and others do not, and if these interventions remain efficacious for those with co-morbid mental health difficulties.  Further, although tinnitus is less prevalent in children (Bartnik et al., 2012), there has been an emergence of studies evaluating tinnitus treatment for children, suggesting associations with anxiety (Kim et al., 2012).  It may therefore, be beneficial to explore whether the treatment benefits observed in adults could translate to child populations, and vice versa.  
[bookmark: _Toc514400282][bookmark: _Toc514685319]Conclusion
This systematic review and meta-analysis evidences how psychological interventions can facilitate reductions in tinnitus distress in adults, supporting the continued provision of psychological treatment within this population.  The findings support the use of combination-approach interventions, highlighting the potential benefits of multi-disciplinary approaches in treating tinnitus distress.  This review also provides evidence for the effectiveness of CBT interventions in reducing tinnitus distress.Methodological limitations were considered, and further research recommended to conclusively support the proposed clinical and theoretical implications.  This includes further evaluation of interventions to address maladaptive appraisals of distressing cognitive experiences, and further exploration of appraisals within such experiences. 
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Table A. Properties of outcomes measures for tinnitus distress included in selected studies for analysis.
	Outcome measure
	Properties

	Tinnitus Handicap Inventory (THI; Newman et al., 1998)
	25-item measure assessing cognitive and emotional responses to tinnitus.  For example, “Does your tinnitus make you angry?”.    
Possible answers are ‘yes’ (4 points), ‘sometimes’ (2 points), or ‘no’ (0 points). 
Total scores range from 0 to 100 and a higher score reflects a higher tinnitus-related handicap.
A change of 20 points on THI score post-intervention is considered significant (Newman, Sandridge, & Jacobson, 1998).  
The THI has an internal consistency reliability of α = 0.93 (Newman et al., 1998).

	Tinnitus Functional Index (TFI; Meikle et al., 2012)
	25-item measure assessing emotional and cognitive responses to tinnitus over the past week.  Answers are given on a scale of 0-10 depending on experience. For example, “Over the past week, how anxious or worried has your tinnitus made you feel?”.
Scores ranging from 0 to 250.  A higher score reflects greater distress.  
Meaningful change on the TFI can be demonstrated with a reduction of 13 points or more (Meikle et al., 2012).  
The TFI has an internal consistency score of a = 0.8 (Meikle et al., 2012).

	Tinnitus Questionnaire (Hallam, Jakes, & Hinchcliffe, 2008)
	52-item measure assessing tinnitus-related emotional distress, auditory perceptual difficulties, intrusiveness, sleep disturbances, and somatic complaints on a 3-point scale where possible answer are ‘true’, ‘partly true’, and ‘not true’.  For example, “I worry that the noises will give me a nervous breakdown”.
Scores range from 0-104.  A higher score reflects greater distress.  
Reliable change is a change of 11 points pre to post-intervention.
It has high test-retest reliability and internal consistency, a = 0.95 (Ostermann, Boehm, & Kusatz, 2016a).

	German tinnitus questionnaire (Goebel & Hiller, 1994)
	The above TQ has been adapted into German.  Internal consistency for this adapted version is excellent, a = .94 (Hiller, Goebel, & Rief, 1993).

	Mini-TQ (Hiller & Goebel, 2004)
	12-item scale measuring emotional and cognitive distress caused by tinnitus, intrusiveness of tinnitus, and sleep disturbance.  
Answers are given on a 3-point scale where possible answer are ‘true’, ‘partly true’, and ‘not true’.  For example, “My noises are often so bad that I cannot ignore them”.  
Total score range is from 0-24.  A higher score reflects greater distress.  
Internal consistency is excellent, a = .87-.90 (Hiller & Goebel, 2004).   

	Tinnitus Cognitions Questionnaire (TCQ; Wilson & Henry, 1998).
	22-item measure assessing dysfunctional tinnitus-related cognitions: catastrophic thinking, and avoidance cognitions.  Items are rated on a 5-point scale (0-4) with possible answers being: “never”, “rarely”, “occasionally”, “frequently”, and “very frequently”.  For example, “I think my tinnitus is never going to get better”.
Score range is 0-104.  A higher score indicates greater distress.
Internal consistency is excellent, a = .91 (Wilson & Henry, 1998).

	Tinnitus Reaction Questionnaire (TRQ; Wilson, Henry, Bowen, & Haralambous, 1991)
	26-item measure assessing personal and social difficulties associated with tinnitus.  Items are scored on a 5-point scale (0-4) with possible answers being: “not at all”, “a little of the time”, “some of the time”, “a good deal of the time”, and “almost all of the time”. For example, “My tinnitus has made it hard for me to relax”.
Score range is 0-104.  A higher score indicates greater distress.
Internal consistency is excellent, a = .96 (Wilson et al., 1991).
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Quality review table with itemised ratings of the Downs and Blacks Quality Checklist (1998).
Table B. Quality appraisal results for each study using the Down and Blacks checklist (1998).
	Studies
	Item
	Total score and quality rating (%)

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	

	Therapist-delivered CBT 

	Conrad et al., (2015)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	20 – good quality 71%

	Ivansic et al., (2017)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	17- good 80%

	Jasper et al., (2014)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	23- good 82%

	Malinvaud et al., (2016)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	20 – good 71%

	Mckenna et al., (2017a)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	23- good 82 %

	Mckenna et al., (2017b)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	16- good 76%

	Moschen et al., (2015)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	13- fair 61%

	Guided self-help CBT

	Beukes, Baguley, Allen, Manchaiah, Andersson, (2017b)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	24- good 85%

	Weise, Kleinstauber, & Andersson, (2016)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	22- good 78%

	Other: counselling with other multi-disciplinary input

	Argstatter, Grapp, Hutter, Plinkert, & Bolay, (2015)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	22 – good 78%

	Bauer, Berry, & Brozoski, (2017)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	21 – good 74%

	Henry et al (2016)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	21 – good 74%

	Henry et al., (2017)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	24- good 85%

	Ostermann, Boehm, & Kusatz (2016a)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15- fair71% 

	Ostermann et al., (2016b) 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	7- poor 33%

	Schaaf, Weise, & Hesse, (2017)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	9- poor 42%

	Seydel et al., (2015)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	14- fair 66%

	Wakabayashi, Saito, Oishi, Shinden, & Ogawa, (2017)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	14 – fair 66%

	Other: mindfulness-based

	Arif, Sadlier, Rajenderkumar, James, & Tahir, (2017)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	20 – good 71%

	Roland et al., (2015)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12- fair 57%

	Other: psychoeducation

	Wagenaar, Wieringa, Mantingh, Kramer, & Kok, (2016)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	13 – fair 61%

	Note. Quality analysis results. □ = Full points.  □ = No points.  □ = Not applicable.  
Items scored 1 when criteria were met (item 5 maximum score was 2).  Items scored 0 when criteria were not met or not enough information was provided to determine this.  Items 1-10 assessed reporting, 11-13 assessed external validity, 14-20 assessed bias, 21-26 assessed confounding , and item 27 assessed power.
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Objectives: This study assessed relationships between appraisal, perceived thought control, and thought suppression in two types of involuntary cognition (IC): obsessive intrusive thoughts (OITs) and involuntary musical imagery (INMI).  Also, whether working memory capacity (WMC) had predictive influence on these variables.
Method: The study used a quantitative cross-sectional design.  Participants were UK university students and staff (n = 91).  They completed a series of questionnaire measures assessing OIT appraisal, INMI appraisal, perceived thought control and thought suppression.  They also completed a computerised test of operation span to measure WMC.  Spearman’s rho correlation and hierarchical multiple regression were used to analyse objectives.
Results: A small significant relationship emerged between negative OIT and INMI appraisal.  These variables also correlated significantly with low perceived thought control, but this relationship was weak for INMI.  OIT appraisal was significantly associated with thought suppression.  WMC did not significantly predict any of the variables.
Conclusion: The significant relationships between appraisal of different ICs suggests commonalities in experience; as one is appraised negatively, so is the other.  Results provide information about relationships between appraisals in two types of IC. Weaker relationships between INMI appraisal and thought control may suggest INMI were less distressing than OITs and invited less thought suppression.  Clinical implications, limitations, and future directions are discussed.

Practitioner points:
· Findings indicate negative experience of ICs (measured by appraisal) are reported in a nonclinical sample. This supports normalisation of ICs, which may challenge maladaptive appraisals that they are ‘abnormal’.
· Significant relationships between negative IC appraisals and low thought control highlight how appraisals could be targeted in therapy, using techniques such as cognitive restructuring, mindfulness, and cognitive defusion.
· Thought suppression was associated with negative OIT appraisal and low perceived thought control, supporting theories suggesting it’s a counter-productive coping strategy.  Mindfulness or acceptance-based approaches may be beneficial in challenging thought suppression.
Limitations:
· The study’s sample was limited in demographic diversity as it consisted of university students and staff with a mean age of 25 years, and 84% were from the UK.  
· Other variables may have impacted results such as demographic factors not measured (e.g. level of education, ethnicity, religion, and co-morbid mental health difficulties).
· The measures used for appraisal in OITs (INPIOS) and INMI (IMIS) differed in structure and scope.




[bookmark: _Toc514685324]Introduction
‘Involuntary cognitions’ (ICs) are thoughts, images, or memories that spontaneously emerge in one’s mind.  Most people experience ICs at some point in their lives (Julien, O’Connor, & Aadarma, 2007) and they have been documented within clinical and nonclinical populations.  They can be experienced on a continuum from ‘neutral’ and unproblematic, to distressing (Clark & Rhyno, 2005).  Examples include mind-wandering (Killingsworth & Gilbert, 2010; Smallwood, O'Connor, Sudbery, & Obonsawin, 2007), involuntary memories (Newby & Moulds, 2011; Hales, Deeprose, Goodwin, & Holmes, 2011), and mind-pops (Kvavilashvili & Mandler, 2004; Elua, Keith, & Kvavilshvili, 2015).  The current study will focus on two ICs; obsessive intrusive thoughts (OITs) and involuntary musical imagery (INMI).
[bookmark: _Toc514685325]Obsessive intrusive thoughts
Rachman and de Silva (1978) suggest intrusive thoughts are universally experienced in forms such as impulses, images, and thoughts which spontaneously emerge in one’s mind (Edwards & Dickerson, 1987; Freeston, Ladouceur, Thibodeau, & Gagnon, 1991).  Prevalence rates range from 72-100% in the general population where they have been described as easy to dismiss (Belloch, Morillo, Lucero, Cabedo, & Carrio, 2004; Purdon & Clark, 1993; Julien, O’Connor, & Aadarma, 2007).  Whereas intrusive thoughts documented in clinical populations have been described as more obsessional in nature (Rachman & de Silva, 1978).  These are termed ‘Obsessive intrusive thoughts’ (OITs) and are a key feature of obsessive-compulsive disorder (OCD) (American Psychiatric Association, 2013), existing in the form of persistent and recurrent intrusive ideas, thoughts, or images (OCD-UK, 2018).  OITs can be viewed as an extreme variant of everyday, ‘neutrally’ experienced intrusive thoughts (Clark, 2005), supporting the existence of a continuum from ‘neutral’ to distressing (Clark & Rhyno, 2005).  Distress has been associated with factors such as being difficult to control, spontaneous, disruptive, and unwanted (Rachman & de Silva, 1978; Rachman, 1981; Freeston & Ladouceur, 1992), and can interfere with task performance and disrupt cognitive activity (Clark & Rhyno, 2005).   
[bookmark: _Hlk514521288]A common factor associated with distressing OIT experience is appraisal, or how one interprets or derives meaning from the thought.  Appraisals have also been termed ‘metacognitions’ (what we think about our thought experiences) and are suggested to be important factors in the development and maintenance of psychological disorders (Wells & Matthews, 1994).  Dysfunctional beliefs and maladaptive appraisals were explored by the Obsessive-Compulsive Cognitions Working Group (OCCWG, 1997).  They reported on factors that influenced final appraisal of OITs; these included intolerance of uncertainty, overestimation of threat, inflated personal responsibility, and beliefs about importance of controlling one’s thoughts (see also Belloch et al., 2004).  Additionally, perceived consequences of the thought (Purdon, Clark, & Wang, 2003), guilt (Niler & Beck, 1993), and worry the thought may indicate something about personality (Clark & Claybourn, 1997) can impact OIT experience. 
 Negative appraisal may be explained by the discrepancy between thought content and one’s own values.  Langlois, Freeston, and Ladoucer (2000) investigated OITs in a nonclinical sample and found ego-dystonic thoughts (where individual values are violated, such as thinking about harming a stranger) positively correlated with distress.  Similarly, Rowa and Purdon (2003) found individuals rated their most upsetting OIT as contradictory to their values, believing they must control it more-so than less upsetting OITs.  These findings support cognitive models of OCD, suggesting appraisal of intrusive thoughts can influence and maintain level of distress (Salkovskis, 1985, Clark & Purdon, 1993; Freeston, Rheaume, & Ladoucer, 1996; Rachman, 1998; Taylor, et al., 2014).   
[bookmark: _Toc514685326]Involuntary musical imagery
The second IC of interest in the current study is ‘involuntary musical imagery’ (INMI).  INMI refers to internal, consciously experienced excerpts of music in absence of external stimuli, which repeat against one’s will or control (Liikannen, 2008; Williamson et al., 2011).  They are commonly termed ‘earworms’ (Halpern & Bartlett, 2011; Levitin, 2006) and have been referred to as ‘sticky music’ (Sacks, 2007), ‘involuntary semantic memories’ (Kvavilashvli & Mandler, 2004) and ‘intrusive musical imagery’ (Taylor et. al., 2014).   INMI are a universal, persistent, and pervasive experience (Mullensiefen et al, 2014, Liikkanen, 2008; Halpern & Bartlett, 2011; Beaman & Williams, 2010) and at least 85% of the general population experience INMI at least weekly (Bailes, 2007).  
The majority of INMI are neutral, unproblematic and even positive, (Beaman & Williams, 2010; Halpern & Bartlett, 2011; Liikkanen, 2008).   INMI do not typically involve ego-dystonic material and are not considered aversive (Taylor et al., 2014).  Beaman and Williams (2010) conducted a survey and diary study to explore INMI in a nonclinical sample and found content to be different to OITs; they were not considered unpleasant, generally did not cause anxiety and were unlikely to reoccur more than once in a single day (Beaman & Williams, 2010).  
Conversely, colloquial descriptions of INMI are often depicted as ‘unwelcome’ and ‘intrusive’, and similarities have been drawn between INMI and repetitive intrusive thoughts experienced with anxiety and depression (Brown, 2015).  Liikkanen, Jakubowski, and Toivanen (2015) conducted a large-scale survey within the general population on the social media platform, Twitter, to explore INMI experience.  They found on average, INMI were described negatively when compared to non-INMI related experiences.  
Variability in INMI appraisal could be explained by a continuum hypothesis.  Liikkanen (2012) postulated INMI converges on a continuum of musical imagery phenomena, from everyday ‘neutral’ involuntary music, to pathological experiences such as musical obsessions documented within clinical disorders.  Similarly, Beaman and Williams (2010) suggested INMI behave like pathological intrusive thoughts when appraised as unpleasant and distressing, and Sacks (2007) argued INMI can vary from ‘normal’ to ‘pathological’.   Further, Taylor et al. (2014) suggested INMI can behave like intrusive thoughts and are a subtype of obsessions.  In their review, they reported individuals experiencing INMI as distressing were more likely to express symptoms typical to OCD (such as mysophobia- a fear of dirt and germs).   
The expression of a continuum in mental experience highlights similarities between INMI and OITs.  Like with OITs, INMI-related distress has been understood using cognitive models, which postulate that a maladaptive appraisal of INMI (e.g. it is abnormal, a sign of lacking self-control, or a sign of some aversive outcome) can lead to unhelpful coping responses, which then serve to maintain the experience (Taylor et al., 2014; Gomibuchi, Gomibuchi, Akiyama, Tsuda, & Hayakawa, 2000).  Cognitive models of distress for other cognitive experiences have been widely suggested, such as for auditory and visual hallucinations (Mawson, Cohen, & Berry, 2010; Gauntlett-Gilbert & Kuipers, 2005).  The existence of a continuum in both INMI and OIT appraisal may imply a shared underlying meta-experience mechanism.  This study will explore this potential mechanism; in order to do so, it is necessary to first identify candidate forms of appraisal that can then be assessed in both experiences. 
[bookmark: _Toc514685327]Perceived thought control
Both OIT and INMI appraisals have been associated with perceived thought control, highlighting a similarity in how individuals experience the two phenomena.   People with OCD often report a lack of control over their mental worlds as being linked to their distress (Hermans, Martens, De Cort, Pieters, & Eelen, 2003; Myers & Wells, 2005; Cucchi et al., 2012) and worriers have been shown to believe they cannot control their thoughts (Wells, 1994), which can be considered a reflection of their perceived thought control.  Similarly, negative appraisals of INMI (e.g. they are abnormal) are associated with a perceived loss of control and difficulty dismissing the experience (Beaman & Williams, 2013; Williamson & Jilka, 2014; Mullensiefen et al., 2014).  Perceived thought control can be considered a dysfunctional belief and type of appraisal itself (Berry & Laskey, 2012) as individuals believe they lack control over their thoughts, and in turn engage in thought control strategies.  
Strategies of thought control are commonly reported by individuals with anxiety disorders, including distraction, reappraisal, social control, worry, and punishment (Wells & Davies, 1994), and a wealth of literature documents the use of thought suppression in psychopathology (see reviews by Purdon, 1999 and Rassin, Merckelbach, & Muris, 2000).  The Thought Control Ability Questionnaire (TCAQ; Luciano, Algarable, Tomas, & Martinez, 2005) measures perceived thought control, and high scores on this measure have been found to negatively correlate with thought suppression (on the White Bear Suppression Inventory, Wegner & Zanakos, 1994).  This indicates individuals with low perceived thought control, engage in more thought suppression (Luciano et al, 2005). 
The cognitive-behavioural model of OCD suggests thought suppression is unsuccessful as a coping strategy (Rachman, 1998; Tolin, Abramowitz, Przeworski, & Foa, 2002; Janeck & Calamari, 1999), possibly increasing the frequency of OITs.   This supports a theory of thought control proposed by Wegner, Schneider, Carter, and White (1987) which states that becoming aware one has stopped thinking a thought, attention must be returned to that thought.  This is documented with INMI, where attempts at suppression have led to more obsessive INMI (Gomibuchi et al., 2000) and longer INMI episodes (Beaman and Williams, 2010). Hence, thought suppression, as a reflection of weak perceived thought control, and its association with thought appraisal, may be a general process underlying both OITs and INMI.  
[bookmark: _Hlk519506809]To the author’s knowledge, no study has explored levels of perceived thought control and thought suppression in relation to both OITs and INMI in the same individuals.  If relationships exist for both types of IC which traditionally fall at opposing ends of a continuum of distress, there may be an underlying factor influencing why some individuals make negative appraisals across different types of ICs.  Where perceived thought control appears to play a significant role in how ICs are appraised, studies have explored what might influence actual thought control ability.    One such area of exploration has been working memory (WM) due to its associations with thought suppression.  
[bookmark: _Toc514685328]Working memory
 WM has been defined as the “cognitive system in which memory and attention interact to produce complex cognition” and capacity measures how this system functions within individuals (Shipstead, Harrison, & Engle, 2015).  Working memory capacity (WMC) can be explored as a potential mechanism influencing IC experience due to its associations with thought suppression.  Better ability to suppress ICs in lab-based tasks has been associated with higher WMC, and low WMC has been associated with increased frequency of ICs (Geraerts, Merckelbach, Jelicic, & Habets, 2007; Brewin & Beaton, 2002; Rosen & Engle, 1998; Brewin & Smart, 2005; Hallion, Ruscio & Jha, 2014; Levinson, Smallwood, & Davidson, 2012; Grisham & Williams, 2013).  Such findings provide a link between WMC and thought control, which has been explored using cognitive theories.
Processing efficiency theory (Eysenck & Calvo, 1992) posits that intrusive thoughts require use of additional attentional resources to overcome distraction in task-performance.  Similarly, findings indicate when attentional resources are preoccupied, WM span task performance is impaired (Sarason, 1988; Friedman & Miyake, 2004).  In support of this, Higher WMC has been associated with fewer intrusive experiences of mind-wandering (Kane et al., 2007; McVay & Kane, 2009; Levinson, Smallwood, & Davidson, 2012; Rummel & Boywitt, 2014).  Alternatively, task-performance may be interrupted by negative cognitions, thereby negatively impacting WM (Coy et al., 2011; Klein & Boals, 2001; Stawski, Sliwinski, & Smyth, 2006).  Such findings draw relationships between WMC and actual thought control ability.  Given the links between IC-related distress, low perceived thought control, and thought suppression, it can therefore, be questioned whether WMC plays a role in IC appraisal. 
[bookmark: _Toc514685329]Rationale and current study
[bookmark: _Hlk519506931]Investigating relationships between appraisals of two ICs could provide information as to the mechanisms of distress which are potentially related to why some individuals generally appraise ICs negatively and seek clinical support for this, where others do not.   No existing research draws direct comparison between  OITs and INMI in one sample; a necessary step to determine whether there may be individuals who generally make maladaptive appraisals across ICs.  Investigation of thought control appraisal and strategy is also needed for both OITs and INMI to elucidate how these factors may be related to maladaptive appraisals across these ICs.  This may contribute to research which has so far indicated a common mechanism of distress across a range of cognitive experiences, such as tinnitus (McKenna et al., 2014) and visual and auditory hallucinations (Bentall, 1990; Morrison, 1998), emphasising the role of maladaptive appraisals in maintaining distress.  Further, to determine whether there may be an underlying factor relating to why some individuals make maladaptive appraisals, the role of WMC will be explored. This has not yet been explored in relation to INMI and OIT appraisal but evidence suggests links with thought suppression.  The current research will target these gaps in the literature. 

[bookmark: _Toc514685330]Aims and Hypotheses
[bookmark: _Toc514685331]Aims
[bookmark: _Hlk519507053]The current study aimed to compare appraisals of OITs and INMI in a nonclinical sample, including perceived thought control, and self-reported use of thought suppression.  Furthermore, the study aimed to investigate whether WMC can explain the variance in these variables for both OITs and INMI.
[bookmark: _Toc514685332]Hypotheses
H1. 	a). Negative OIT appraisal would significantly correlate with negative INMI appraisal.
b). Low perceived thought control would significantly correlate with negative OIT appraisal and  negative INMI appraisal.
d).   Greater use of thought suppression would significantly correlate with negative appraisals of OITs,  negative appraisals of INMI, and low perceived thought control.
H2. 	Lower WMC would predict:
 	a). Negative OIT appraisal
b). Negative INMI appraisal
c). Low perceived thought control
 	d). Greater self-reported use of thought suppression
[bookmark: _Toc514685333]Method
[bookmark: _Toc514685334]Design
A cross-sectional quantitative design was employed where independent variables were age, gender, obsessive-compulsive symptoms (total score from the Obsessive Compulsive Inventory-Revised; OCI-R; Foa et al., 2002), and WMC score (operation span partial score; Unsworth, Heitz, Shrock, & Engle, 2005).  Dependent variables were OIT appraisal (INPIOS Part II-A; Garcia-Soriano, Belloch, Morillo, & Clark, 2011), INMI appraisal (Negative Valence scale of the IMIS; Floridou, Williamson, Stewart & Mullensiefen, 2015), perceived thought control (Thought Control Ability Questionnaire total score; Luciano, Algarable, Tomas, & Martinez, 2005), and thought suppression (White Bear Suppression Inventory total score; Wegner & Zanakos, 1994).  Participants completed the study in one laboratory session with two parts: an online survey and a computerised task.  Recruitment was carried out in February-March 2017 and data collection March-April 2017.
[bookmark: _Toc514685335]Power analysis
An a priori power analysis was conducted to determine sample size required to prevent type II errors i.e. to prevent acceptance of the null hypothesis when it is false.  In a meta-analysis, Snyder, Kaiser, Warren and Heller (2015) reported effect sizes for working memory and inhibition ranging from .3 to .6, which can be considered medium (based on Cohen’s d, 1988).  With a medium estimated effect size of .15 (based on Cohen’s f due to regression analysis), alpha level of .05, estimated statistical power of 80%, and with up to four predictor variables, 84 participants were recommended for this study.  

[bookmark: _Toc514685336]Participants
A nonclinical sample of 91 English-speaking staff and students from the University of Sheffield was recruited.  Undergraduate psychology students were recruited via the university online research participation system in exchange for course credits.  Staff and other (non-psychology under-and post-graduate) students were recruited via email (Appendix Ci), distributed by a volunteer list.  Participants consented to participate in both parts of the study and completers were offered entry into a £50 prize draw.  Psychology undergraduates were not eligible for this. Participants were required to have a proficient level of English language due to questionnaires being administered in English.  
[bookmark: _Toc514685337]Measures
Participants answered four demographic questions: age, gender, nationality, and occupation (staff or student).  Age and gender were included as control variables in data analysis.  The five questionnaires were then presented in the following fixed order via the online survey platform Qualtrics.  Questionnaire measures can be found in Appendix A i-v.
Thought-Control Ability Questionnaire (TCAQ; Luciano et al., 2005).  This 25-item measure assesses perceived thought control, and contains items such as, “There are some thoughts that enter my head without me being able to avoid it”.  Items are answered on a 5-point Likert scale from 0 (strongly disagree) to 4 (strongly agree).  As per scoring instructions, total scores were calculated by reverse-coding 16 items, then summing all item-scores.  Possible total score range is 0-100.  Higher scores reflect greater perceived mental control over intrusions.  Original reliability tests indicate excellent internal consistency (α = .92; Luciano et al., 2005), and also for the current sample (α = .93).
Involuntary Musical Imagery Scale (IMIS; Floridou et al., 2015).  This 15-item questionnaire assesses INMI via four subscales measuring; INMI appraisal via ‘negative valence’ (7 items), for example, “my earworms agitate me”; ‘movement’ (3 items), for example,  “the way I move is in sync with my earworms”; ‘personal reflections’ (3 items), for example, “personal issues trigger my earworms”; and ‘help’ (2 items), for example, “earworms help me when I’m trying to get things done”.  Participants rated the frequency of each item on a 5-point Likert scale from 1 (always) to 5 (never).  One initial statement asks whether INMI are experienced or not, and if so, the questionnaire is continued.  Two additional items measure INMI duration where answers range from ‘less than 5 seconds’ to ‘more than 1 minute’ for INMI length, and range from ‘less than 10 minutes’ to ‘more than 3 hours’ for episode length.  As per scoring instructions, items were summed to create total subscale scores.  In the current study, ‘negative valence’ was the only score used in data analysis, as a measure of INMI appraisal, and higher scores on this measure reflected less disturbance of INMI (e.g. a score of 5 on item 2 = “INMI are never worrisome”).  Possible total score range is 15-75.  Possible score range for negative valence is 7-35.  Original reliability tests indicate excellent internal consistency (negative valence α = .91, movement α = .88; personal reflections α = .76; help α = .84, Floridou et al., 2015), and also for the current sample (negative valence α = .90; movement α = .87; personal reflections α = .85; help α = .86).  
Obsessional Intrusive Thoughts Inventory (INPIOS).  Participants’ OITs were measured using the English adaptation of the “Inventario de Pensamientos Intrusos Obsesivos”, Garcia-Soriano, 2008).  This 48-item measure is based on the Revised Obsessional Intrusions Inventory (ROIII; Clark & Purdon, 1993) and measures frequency, appraisal, and methods to control OITs described as thoughts, impulses and images of violence, sex, accidents, dirt, and contamination.  In Part I participants rate frequency of OITs (48 items) on a 7-point Likert scale from 0 (never) to 6 (always).  For example, “When around others, and without anyone provoking me, I have had mental intrusions of physically harming strangers or animals”.  In Part II-A participants appraise experience of their most unpleasant OIT from Part I (16 items) on a 5-point Likert scale from 0 (not at all) to 4 (extremely).  For example, “How anxious do you feel when you have the mental intrusion?”.  Appraisals refer to seven dimensions; unpleasantness, guilt, upset, avoidance of triggers, uncontrollability, unacceptability, and belief the intrusion might occur in real life.  In Part II-B, participants rate use of strategies employed to alleviate unpleasantness of OITs (17 items) on a 5-point Likert scale from 0 (never use this strategy) to 4 (always use this strategy).  For example, “I distract myself by thinking of other things”.  As per scoring instructions, Part II-A appraisal total score was calculated (with item 7 reverse-coded) and a mean score produced.  This acted as OIT appraisal score in the current study, where higher scores reflected more negative appraisal.  Possible total score range is 0-300 for Part I, 0-64 for Part II-A (OIT appraisal), and 0-72 for Part II-B.   Original reliability scores indicate good-excellent internal consistency (α = .83 - .93; Garcia-Soriano et al., 2011), also reflected in the current sample (Part I α = .95; Part II-A α = .89; Part II-B α = .84). 
White Bear Suppression Inventory (WBSI; Wegner & Zanakos, 1994).  This 15-item self-report measure assesses thought suppression, or the deliberate attempt to avoid thinking about unpleasant thoughts, as rated on a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree).  For example, “I wish I could stop thinking of certain things”.  As per scoring instructions, items were summed to produce a total score, which was used in the current study’s data analysis.  Possible total score range is 15-75.   Higher scores reflect higher levels of thought suppression.  The WBSI has good internal consistency in previous research (α = .89; Muris, Merckelbach, & Horselenberg, 1996), and for the current sample (α = .92).  
Obsessive-Compulsive Inventory-Revised (OCI-R; Foa et al., 2002).  This 18-item short-version of the OCI (Foa, Kozak, Salkovskis, Coles, & Amir, 1998) assesses obsessive-compulsive-type behaviours which have distressed or bothered individuals in the past month on a Likert scale from 0 (not at all) to 4 (extremely).  Items relate to experience in six domains: washing, checking, ordering, obsessing, hoarding, and neutralizing.  For example, “I feel compelled to count when I am doing things”.  As per scoring instructions, items were summed to produce a total score, which was used as a control variable in the current study’s regression analyses.  Possible total score range is 0-72.  Higher scores on this measure reflect greater distress. The OCI-R has good internal consistency in previous research (ranging between α = .81 and .9; Foa et al., 2011), and for the current sample (α = .92). 
[bookmark: _Hlk498621464]Operation Span Task (OSPAN; Unsworth et al., 2005).  This computerised test assesses WMC, requiring participants to solve a series of mathematical operations whilst simultaneously remembering a series of intermittently presented letters.  Participants initially work through three practice sessions.   First, a series of letters are presented on screen for 800ms.  Participants recall letter-order by clicking the appropriate boxes in a matrix on screen.  Second, participants solve mathematical equations as quickly as possible (e.g. “(1*2) + 1 =?”).  The programme calculates an average time in which equations are solved during practice.  Participants then determine whether a presented number is a ‘True’ or ‘False’ answer to the previous equation (e.g. “20”: ‘True’ or ‘False’?).  Third, participants complete both letter-span and mathematical equations simultaneously, as is required in the ‘live’ block of trials (Figure 1).  In the ‘live’ trial, if participants do not respond to equations within their average time recorded during practice, the trial is counted as an error.   After the series of presentations of equations and letters, participants are to recall the series of letters in order, with set sizes ranging from 3 to 7 letters.  Three sets of each set size are presented randomly for each participant.  In total, each participant views 75 letters and mathematical equations.   Feedback is presented following each set (e.g. “you recalled 3 letters correctly out of 4”).  The computerised version of this task can be downloaded from http://englelab.gatech.edu/ and operates using E-Prime software.  Test screens are presented in Figure 1.  
For the current study, overall WMC score was derived from the ‘partial score’ as per guidance from Conway et al. (2005).  Redick et al. (2012) report test-retest reliability scores are higher for the ‘partial score’ than ‘absolute’ score (.83 and .77 respectively).  Conway et al. (2005) suggest discarding data where participants score less than 85% accuracy on mathematical equations to ensure processing accuracy.  This was altered to 80% for the current study allowing for inclusion of more participant data, increasing power of the sample.  This threshold change did not affect significance levels in the data.  Previous studies have used a threshold of 75% (Williamson & Stewart, 2010; Lopez, Previc, Fischer, Heitz, & Engle, 2012).  Detail regarding other generated scores of the OSPAN can be found in Appendix B.
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Figure 1. OSPAN screens as viewed in the test.  
[bookmark: _Toc514685338]Procedure
Participants completed both study parts during one laboratory session on university premises.  No other persons other than the experimenter were present during testing. 
Part one. Participants accessed part one of the study on Qualtrics, on computer (Dell OptiPlex 9010 All-In-One desktop).  First, participants viewed detailed information about both parts of the study (Appendix Cii) and were asked to give consent if they wished to participate in both parts by clicking in a specified box.  A non-consent response triggered termination of the study.  After consenting, participants were presented with each questionnaire.  On completion of all five questionnaires, a webpage informed participants that part one was complete and contained debrief information (Appendix Di).   Part one took approximately 25 minutes to complete.
Part two.  Following completion of part one, the researcher set up the OSPAN on the same computer.  The task used E-Prime software.  Participants sat between 20–40 inches from the screen; computer screens were 19 inches with a resolution of 1920 x 1080.  The computer screen turned red on completion of the task.  Participants then informed the researcher and read debrief information (Appendix Dii).  Part two took approximately 20 minutes to complete.
On completion, participants eligible for entry into the prize draw provided an email address to be contacted. A winner was randomly selected and notified by email in December 2017. 
[bookmark: _Toc514685339]Ethics
	Ethical approval was granted by the University of Sheffield Research Ethics Committee (Appendix F).  Participants were provided with study information and provided consent to participate.  Non-consent terminated participation.  Participants created a unique identifying code for part one which was linked to their part two data to retain anonymity in results.  Participants were debriefed after each part of the study (Appendices D i-ii).  
[bookmark: _Toc514685340]Data analysis
Results were exported from Qualtrics to SPSS (Version 23) and data prepared for analysis including recoding of items as per scoring manuals.  Data were checked for missing values, outliers, and errors.  
Data was inspected for normality, skewness, and kurtosis, with visual checks of Q-Q plots and histograms (Cramer, 1998; Cramer & Howitt, 2004; Doane & Seward, 2011).  For normality to be assumed, z values for skewness and kurtosis should fall between -1.96 and +1.96, and Shapiro-Wilk (Shapiro & Wilk, 1965) and Kolmogorov-Smirnov tests should not be significant (p>.05).  
Descriptive statistics (means and standard deviations) were calculated for each variable.  To assess hypotheses 1a-b, Spearman’s Rho correlations were produced and interpreted using guidance from Cohen (1988) where r = .10 to .29 reflects a small effect, r = .30 to r = .49 reflects medium, and r = .50 to r = .10 reflects a large effect.  
To assess hypotheses 2a-d, four hierarchical multiple regression analyses were conducted, testing whether WMC (independent variable) predicted the variance in the four dependent variables.  Preliminary analyses were conducted on regression outputs to check assumptions of normality were not violated.  To assess multicollinearity, correlations between WMC and control variables were assessed, where a large effect would indicate multicollinearity (Pallant, 2016).  Also, Tolerance values were inspected, which should be above 0.2, and Variance Inflation Factor (VIF) inspected, which should be below 10 (Field, 2013; Pallant, 2012).  Normality, linearity, and homoscedasticity of residuals were assessed by inspecting Normal Probability-Plots (P-P) of the Regression Standardised Residuals (which should show an approximate straight diagonal line) and scatterplots, which should reflect a random array of dots (Field, 2013).  The Durbin Watson statistic assessed autocorrelation between item responses over time, where the statistic should fall between 1 and 3 to indicate no autocorrelation (Field, 2013).  Cook’s and Mahalnobis distances were inspected to identify outliers, where values should fall below 1 and below 15 respectively (Field, 2013).
During regression model building, all control variables (age, gender, OCI-R score) were first entered to determine any significant predictors of the variance in the dependent variable.  Significant predictors (p<0.05) were retained and those non-significant (p>0.05) eliminated.  Each hypothesis was tested by generating a hierarchical multiple regression model, where significant control predictors were first entered into the model at step 1, followed by the predictor of interest, ‘WMC’, at step 2.  The amount of variance explained by ‘WMC’ when added to the model was inspected change value.
[bookmark: _Toc514685341]Results
[bookmark: _Toc514685342]Missing data
	A small amount of missing data emerged sporadically on some questionnaire items.  A statistical test indicated this could be considered random (Little, 1988; p = 1.00).  Case mean substitution was conducted by replacing missing values with the participant’s mean value for the relevant scale, as reported in previous studies (Raymond, 1986; Downey & King, 1998; Roth, Switzer, & Switzer, 1999; Fox-Wasylyshyn & El-Masri, 2005; Eekhout, de Boer, Twisk, de Vet, & Heymans, 2012).  
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Table 1 reports results of normality tests.   Data were overall approximately normally distributed, however, thought suppression was skewed and both Shapiro-Wilk and Kolmogorov-Smirnov tests were significant (both p<0.05) indicating this variable was not normally distributed.  Visual inspection of the Q-Q plots, histograms and boxplots indicated approximately normally distributed data for all variables, however was slightly skewed for INMI appraisal.  Correlations confirmed control variables (age, gender, OCI-R score) did not highly correlate indicating no multicollinearity.
	Table 1.  Tests of normality for each dependent variable

	Variable
	Skewness
(SE)
	Z value
	Kurtosis (SE)
	Z value
	Shapiro-Wilk
	Kolmogorov-Smirnov value

	OIT appraisal
	0.19 (.25)
	.76
	-.57 (.50)
	-1.14
	.34
	.04*

	INMI appraisal
	-.28 (.25)
	-1.12
	-.02 (.50)
	-.04
	.17
	.2

	Perceived thought control
	.23 (.25)

	0.92
	-.89 (.50)
	-1.78
	.03*
	.2

	Thought suppression
	-.69 (.25)
	-2.76∆
	.23  (.50)
	0.46
	.01*
	.01*


Note. *p < .05. ∆ Indicates skewed data.
[bookmark: _Toc514685344]Sample characteristics
Ninety-one participants completed the study.  One participant had never experienced INMI and did not complete the IMIS so was excluded from analyses.  One participant did not complete the OSPAN, and six scored below the minimum 80% threshold and were excluded from relevant analyses.  Minimum score for OCI-R was 18, and maximum 72 (M=33.67, SD=11.95).  The recommended clinical cut-off score is 21 indicating on average the sample fell within clinical range of OC symptoms.  Table 2 reports descriptives of sample characteristics.
	Table 2.  Descriptive data for demographic participant characteristics

	Variable
	N (%)
	Mean (SD)

	Age

Gender
	
	25.61 (12.57)

	Male
Female
Prefer not to say

	24 (26.4%)
66 (72.5%)
1 (1.1%)
	

	Occupation
	
	

	Student
Staff

	59 (64.8%)
32 (35.2%)
	

	Nationality
	
	

	UK
China
India
Pakistan
Spain
Sweden
Taiwan
	77 (84.6%)
3 (3.3%)
3 (3.3%)
3 (3.3%)
3 (3.3%)
1 (1.1%)
1 (1.1%)
	



[bookmark: _Toc514685345]Descriptive statistics 
Table 3 presents descriptives for dependent variables.    OIT Appraisal score (M=1.64, SD=0.71) was in line with other samples of UK university students and staff (C. Heapy, personal communication, April, 2018).  Previous data for INMI appraisal is not available to draw comparisons (G. Floridou, personal communication, May 2018).  Perceived thought control (M=44.38, SD=15.83) was lower than previous undergraduates (Peterson, Klein, Donnelly, & Renk, 2009), and thought suppression (M=51.12, SD=11.96) higher than previous undergraduates (Rafnsson & Smari, 2001).  Response frequencies (%) for each item of OIT and INMI appraisal measures can be found in Appendix G.
	Table 3.  Descriptive data for dependent variables

	Variable
	Minimum
	Maximum
	Mean
	SD

	OIT appraisal
	.13
	3.31
	1.64
	.71

	INMI appraisal
	12
	35
	25.37
	5.14

	Perceived thought control
	15

	81
	44.38
	15.83

	Thought suppression
	17

	72
	51.12
	11.96

	OSPAN Partial score*
	26
	75
	59.82
	9.70

	Note. *n=83


 
[bookmark: _Toc514685346]Correlation analyses
[bookmark: _Toc514685347]Relationship between measures of appraisal
Table 4 presents a correlation matrix between all main variables.  Hypothesis 1a was supported.  First, a significant small negative correlation emerged between negative (higher scores) OIT appraisal and negative (lower scores) INMI appraisal.  A significant small positive correlation emerged between negative (lower scores) INMI appraisal and lower scores of perceived thought control, and a significant medium negative correlation emerged between negative (higher scores) OIT appraisal and lower scores of perceived thought control.  Results indicate both negative appraisal of OITs and INMI are associated with low perceived thought control.
Hypothesis 1b was partially supported, with a significant medium-large positive correlation between high scores of thought suppression and negative (higher scores) OIT appraisal, but this relationship was non-significant with INMI appraisal, indicating high levels of thought suppression are associated with negative appraisal of OITs but not with negative appraisal of INMI.  A significant large negative correlation emerged between high scores of thought suppression  and low scores of perceived thought control.  
	Table 4.  Spearman’s rho correlation coefficients between dependent variables

	Variable
	OIT appraisal
	INMI appraisal
	Perceived thought control

	OIT appraisal
	-
	-
	-

	INMI appraisal
	-.28**
	-
	-

	Thought control
	-.57**
	.25*
	-

	Thought suppression
	.62**
	-.18
	-.75**


Note. *p < .05 (2 tailed) **p < .01. 
[bookmark: _Toc514685348]Hierarchical Multiple Regressions
[bookmark: _Toc514685349]Assumptions of regression
Preliminary data screening of residuals indicated WMC did not significantly correlate with OCI-R (control predictor variable) for any regression (r<.7), VIF values fell below 10, and Tolerance statistic fell above 0.2, all indicating no multicollinearity.  For each regression, the Durbin-Watson statistic fell between 1 and 3, indicating no autocorrelation, and both Mahalnobis and Cook’s distances did not exceed critical values indicating no significant outliers.  Visual inspection of P-P plots and scatterplots indicated approximately normally distributed residual data.
[bookmark: _Toc514685350]OIT appraisal
This first regression analysis tested Hypothesis 2a, whether WMC predicted OIT appraisal.  After eliminating age and gender due to no significant contribution to OIT appraisal variance, the model showed OCI-R score explained 44% (R2=0.44) of the unique variance in OIT appraisal, F(1, 82)=63.95, p<.0001.  The final model indicated the addition of WMC explained 0% (R2 change=.00) more of the unique variance in OIT appraisal, F change (1, 80)=.003, p=0.96.  With the contribution of WMC, the model is not significant (β=.005, p=0.96) indicating WMC did not significantly predict OIT appraisal.  Hypothesis 2a was therefore, rejected.  Table 5 presents the unstandardised beta, standard error, and confidence intervals. 
	Table 5.  Hypothesis 2a. Hierarchical multiple regression analyses

	
	OIT Appraisal

	Predictor
	B
	SE 
	95% Confidence Interval
Lower         Upper        

	Step 1
	
	
	
	

	(Constant)
	.308
	.179
	-.049
	.664

	OCI-R total
	.04***
	.005
	.030
	.050

	Step 2
	
	
	
	

	(Constant)
	.284
	.453
	-.618
	1.186

	OCI-R total
	.041**
	.005
	.030
	.050

	WMC
	.000
	.006
	-.012
	.013

	Note.  n=83. *** p < .0001



[bookmark: _Toc514685351]INMI appraisal
The second regression analysis tested Hypothesis 2b, whether WMC predicted INMI appraisal.  In the first instance, no control variables made a significant contribution to INMI Appraisal (age, gender, and OCI-R score), and so the final model showed the contribution of WMC explained .02% (R2 =.0002) unique variance in INMI appraisal, F(1, 82)=1.78, p>.05.  The model was not significant (β =.147, p=0.185) indicating WMC did not predict INMI appraisal.  Hypothesis 2b was therefore, rejected.  Table 6 presents the unstandardised beta, standard error, and confidence intervals.
	Table 6.  Hypothesis 2b. Hierarchical multiple regression analyses

	
	INMI Appraisal

	Predictor
	B
	SE 
	95% Confidence Interval
Lower       Upper      

	Model 1
	
	
	
	

	(Constant)
	20.92***
	3.42
	14.2
	27.74

	OPSAN
	.075
	.056
	-.037
	.187

	Note.  n=83.  *** p < .0001




[bookmark: _Toc514685352]Perceived thought control
The third regression analysis tested Hypothesis 2c, whether WMC predicted perceived thought control.  After eliminating age and gender due to no significant contribution to variance in perceived thought control, the model indicated OCI-R score explained 41% (R2 =.41) of the unique variance in perceived thought control, F(1, 82)=56.25, p<.0001.  The addition of WMC to the final model explained 0.7% (R2 change=0.007) more of the variance in perceived thought control, F change (1, 80)=1.017, p=.316.   The contribution of WMC to the model was not significant (β=.088, p=.316) indicating WMC did not predict perceived thought control.  Hypothesis 2c was therefore, rejected. Table 7 presents the unstandardised beta, standard error, and confidence intervals. 



	Table 7. Hypothesis 2c. Hierarchical multiple regression analyses

	
	Perceived thought control

	Predictor
	B
	SE 
	95% Confidence Interval
Lower        Upper        

	Model 1
	
	
	
	

	(Constant)
	72.070***
	4.032
	64.048
	80.092

	OCI-R total
	-.847***
	.113
	-1.071
	-.622

	Step 2
	
	
	
	

	(Constant)
	62.695***
	10.132
	42.531
	82.859

	OCI-R total
	-.822***
	.116
	-1.052
	-.592

	WMC
	.143
	.141
	-.139
	.424

	Note.  n=83.  *** p < .0001



[bookmark: _Toc514685353]Thought suppression
This fourth regression analysis tested Hypothesis 2d by examining whether WMC predicted thought suppression.  After eliminating age and gender due to no significant contribution to variance in thought suppression, the model showed OCI-R score explained 31% (R2 =.31) of the unique variance in thought suppression, F(1, 82)=38.189, p<.0001.   After adding WMC, the final model explained 1.3% (R2  change=.013) more of the unique variance in thought suppression, F change (1, 80)=1.547, p >.05.  The contribution of WMC to the final model was not significant (β=-.116, p=.217) indicating WMC did not predict thought suppression.  Hypothesis 2d was therefore, rejected.  Table 8 presents the unstandardised beta, standard error, and confidence intervals. 



	Table 8. Hypothesis 2d. Hierarchical multiple regression analyses

	
	Thought suppression

	Predictor
	B
	SE 
	95% Confidence Interval
Lower         Upper    

	Model 1
	
	
	
	

	(Constant)
	33.865***
	3.056
	27.785
	39.946

	OCI-R total
	.529***
	.086
	.359
	.699

	Step 2
	
	
	
	

	(Constant)
	42.599***
	7.655
	27.365
	57.833

	OCI-R total
	.506***
	.087
	.332
	.679

	WMC
	-.133
	.107
	-.346
	.080

	Note.  n=83.  *** p < .0001



[bookmark: _Toc514685354]Discussion
	This study is the first to directly investigate relationships between OITs and INMI and the role of WMC in one nonclinical sample.  Consistent with hypotheses, individuals who appraised OITs negatively, appraised INMI negatively and had lower perceived thought control.  Also, higher thought suppression was associated with negative OIT appraisal but interestingly, not negative INMI appraisal.  Contrary to hypotheses, WMC did not predict IC appraisal, perceived thought control or thought suppression in this sample.  
[bookmark: _Toc514685355]Similarities and differences between OITs and INMI
[bookmark: _Hlk519507191]An interesting feature of this research is the association between OITs and INMI appraisal.   Findings are in line with previous research stating both ICs share characteristics, such as being unwanted and difficult to control (Beaman & Williams, 2013; Williamson & Jilka, 2014; Mullensiefen et al., 2014).  Although significant, this relationship was weak in strength.  Additionally, relationships between OIT appraisal, perceived thought control, and thought suppression were strong, whereas the same relationships for INMI were weak or not significant (for thought suppression).  These findings indicate that although OITs and INMI share some commonalities, they may fall at differing points on a continuum of experience; with OITs moving towards the more distressing end, and INMI at the more ‘neutral’ end of the continuum. 
Findings indicate INMI were generally not considered unpleasant experiences, contrary to OITs, supporting reports that INMI are unproblematic (Beaman & Williams, 2010; Halpern & Bartlett, 2011; Liikkanen, 2012).  It emerged in the current study, that 54% of participants never worried about their INMI (2.4% responded ‘most of the time’), and for OITs one third identified with an unpleasant experience of OITs, indicating a more aversive experience.  This may explain why INMI appraisal was not significantly associated with thought suppression in this sample.  
The relationships between IC appraisal, perceived thought control, and thought suppression support a breadth of existing research across both OITs and INMI (Purdon & Clark, 1994; Belloch et al., 2004; Luciano et al., 2005; Belloch, Marillo & Garcia-Soriano, 2007; Beaman & Williams, 2013; Williamson & Jilka, 2014; Mullensiefen et al., 2014).  The discrepancy within previous studies suggesting INMI are unproblematic in nature, versus anecdotal reports that they are distressing, could therefore, be explained by the appraisals assigned to INMI, and beliefs about thought control, with negative appraisal and low perceived thought control potentially being associated with distress.  The findings imply commonalities in experience for both OITs and INMI, even when experience falls on different points on the continuum from unproblematic to distressing.  This can be further investigated by exploring how findings contribute to cognitive models of psychological distress.
[bookmark: _Toc514685356]Cognitive model of distress and the role of appraisal
[bookmark: _Hlk519507469][bookmark: _Hlk519507346]The current study provides evidence for cognitive models of psychological distress not only within ICs known to cause distress such as OITs, but also for INMI which has largely been considered a more benign experience.  The significant relationships between negative appraisal, low perceived thought control, and engagement in thought suppression can contribute to what is understood about mechanisms of distress via cognitive models, which aim to explain distress within other psychological experiences, such as psychotic experiences (Morrison, 1998), anxiety disorders (Wells & Matthews, 1994), and auditory hallucinations (Bentall, 1990).  Similarly, this mechanism has been applied to tinnitus-distress (McKenna et al., 2014), which like INMI, involves perceiving sound in the absence of an external acoustic stimuli (Bauer & Brozoski, 2008).  The current findings highlight that low perceived thought control is related to negative appraisal of INMI too,  a phenomenon with only a recent scientific research base, and which are generally less-distressing experiences.  The findings can therefore, offer further information as to how appraisals interact across two different types of IC, which may in turn, support clinical interventions which target maladaptive appraisals in reducing distress.  
[bookmark: _Toc514685357]Hypothesised Role of Working Memory Capacity
	A second aim of the current study was to test whether WMC predicted appraisals of INMI and OITs, perceived levels of thought control, and thought suppression.  Contrary to hypotheses, WMC did not predict whether ICs were appraised negatively or positively, supporting and extending findings from Brewin and Smart (2005) who found no significant relationship between WMC and OIT appraisal, or with measures of negative mood.  
Perceived thought control can be considered a type of appraisal itself (Berry & Laskey, 2012) and so the lack of influence of WMC on this is in line with the other regression findings. The lack of predictability between WMC and thought suppression was more surprising as this contradicts strong positive associations between higher WMC and successful thought suppression (Geraerts et al., 2007; Brewin & Beaton, 2002; Rosen & Engle, 1998; Brewin & Smart, 2005; Hallion et al., 2014; Levinson, Smallwood & Davidson, 2012; Grisham & Williams, 2013).  However, previous studies have measured thought suppression in real-time experimental tasks, unlike the current study.   Brewin & Beaton (2002) measured thought suppression by asking participants to not think of a white bear and report when they failed at this.  Similarly, Grisham & Williams (2013) asked participants to suppress a particular target thought.  In both studies, lower WMC was associated with poorer thought suppression performance.  WMC may therefore, only be relevant when individuals engage in active thought suppression.  This supports findings from Grisham and Williams (2013), who found despite WMC being relevant to actual thought suppression, it was not associated with greater distress, but rather, perceived thought control was associated with distress.  Further, Brewin and Smart posited the more strategic processes involved in thought suppression (such as WMC) were not relevant in the interaction between negative mood and the frequency of ICs.
The current findings highlight associations between negative OIT appraisal and increased thought suppression, supporting theories that thought suppression can be counterproductive. The lack of relationship with negative INMI appraisal may indicate thought suppression is employed more for ICs considered more distressing. As a counter-productive strategy, this has implications for the maintenance of distress in individuals experiencing ICs, potentially highlighting a need for alternative coping strategies for these individuals.
[bookmark: _Toc514685358]Strengths and limitations
Findings from the current study must be interpreted with caution and viewed in context of its limitations.  
A cross-sectional design was appropriate to the exploratory aims of this study, given the absence of previous studies in this area; however, correlational analyses preclude any causal inferences.  Furthermore, the operational questionnaires, INPIOS and IMIS, measure appraisal slightly differently.  Although both measures assess emotional reactions and control strategies, unlike the INPIOS, the IMIS does not ask about perceived consequences or responsibility beliefs in relation to ICs, most likely due to unproblematic appraisals of INMI reported in previous literature (Beaman & Williams, 2010; Halpern & Bartlett, 2011; Liikkanen, 2012; Taylor et al., 2014). This key difference in the questionnaire structures may partly explain the weak relationship between OIT and INMI appraisals.
[bookmark: _Hlk519507888]Regarding sample power, data from 83 participants were used for regression analyses due to exclusions, one less participant than recommended to achieve sufficient power.  Additionally, the study’s sample may present limitations in terms of generalisability.  The sample consisted of university staff and students, limiting demographic individual differences (e.g. highly educated individuals with a mean age of 25 years, and the majority from the UK).   OITs and INMI are prevalent among different cultures (Clark & Radomsky, 2014; Moulding et al., 2014; Taylor et al., 2014) but age and years of education have been associated with differences in OIT experience cross-culturally (Radomsky et al., 2014).  Further, demographic information could have been attained to elucidate other factors potentially impacting results (such as co-morbid mental health difficulties).  Trait anxiety could also have been controlled-for due to research showing this construct is associated with varying types of cognitive appraisals (Lee, Park, & Russell, 2018).
The nonclinical sample may limit generalisability of findings to clinical populations.  However, Abramowitz et al. (2014) suggests OCI-R scores across clinical and nonclinical samples are not dissimilar (mean SD = 11.3 and 12.9 respectively). Also, the current sample mimicked characteristics of clinical samples (high OCI-R scores, low perceived thought control, and high thought suppression).  The self-selected sample may explain this; individuals with more OC symptoms and low perceived thought control may be more likely to participate as a way of seeking information and control over their ICs.  
Additionally, mean imputation of missing data reduces variability which can lead to biased estimates (Enders, 2010).  As missing data in the current study was infrequent and random, mean imputation was recommended as a robust way to manage this (Downey & King, 1998; Roth et al., 1999) and is a common way to manage missing values within self-report questionnaires (Eekhout et al., 2012).  
As a strength, this study was the first to assess relationships between OITs and INMI in the same individuals.  Further, measures employed all possessed excellent psychometric properties which provide confidence in the findings.  Although caution must be taken when drawing implications from one study, further strengths of this study are its theoretical contributions and potential clinical implications.
[bookmark: _Toc514685359]Clinical and theoretical implications
[bookmark: _Hlk519507594]Findings support theories that thought suppression is a counterproductive control strategy (Wegner et al., 1987).  They also provide further information as to potential mechanisms of distress such as appraisal, as posited in cognitive models (Clark & Purdon, 1993; Freeston, Rheaume, & Ladouceur, 1996; Rachman, 1998; Taylor, et al., 2014), and emphasise the need for increased provision of clinical interventions which target cognitive appraisals to reduce distress.  In this way, beliefs that OITs and INMI are ‘abnormal’ can be challenged, due to the current findings documenting both ICs in the general population.  Challenging unhelpful thinking is a key element of CBT, and related approaches such as acceptance and commitment therapy (ACT) may offer alternative strategies such as cognitive defusion and mindfulness to address threat-related beliefs about ICs, including beliefs they must be controlled.  Such techniques may also offer alternatives to thought suppression.  The effectiveness of cognitive-behavioural therapy (CBT) has been widely evidenced in reducing distress related to other experiences, such as tinnitus (see review from Zenner et al., 2017), for which maladaptive appraisals are theorised to maintain distress (Mckenna et al., 2014).  Such reappraisal and acceptance techniques have also been evidenced as effective for managing OITs in anxiety (Brown & Hooper, 2009; Shipherd & Fordiani, 2015), musical obsessions (Taylor et al., 20414; Gomibuchi et al., 2000) and intrusions in psychosis (Bach & Hayes, 2002).  It can therefore, be recommended that further testing of such clinical interventions across a range of psychological experiences is conducted.
Furthermore, given the importance of appraisals in distress, one could explore which groups of individuals may be more likely to develop dysfunctional beliefs about their cognitive experiences.  Salkovskis (1999) suggested early childhood experiences are linked to development of over-inflated responsibility beliefs.  Further, beliefs about oneself being dangerous or careless may lead to meaning being attached to certain intrusions (Doron, Moulding, Kyrios, & Nedeljkovic, 2008; Ferrier & Brewin, 2005).  
[bookmark: _Toc514685360]Future directions
	Future research may address the current limitations, such as exploring IC appraisals from a more demographically-diverse population.  It may also be beneficial for future questionnaire studies to include a forced-response to minimise missing data.
A future study could address differences in how thought suppression has been measured in previous studies.  This may be via measuring WMC and inducing OITs and INMI in a lab-based study, where participants are asked to engage in a live thought suppression task.  This may help elucidate the role of WMC on appraisals during active thought suppression.
A useful area of future focus may be to explore other potential predictors of dysfunctional beliefs which serve to maintain IC distress.  Drawing on the work of Salkovskis (1999), adverse childhood experiences (ACEs) may be explored using standardised measures to test whether relationships exist between ACEs, appraisal, (including perceived thought control), and responsibility beliefs.  
	Finally, OITs and INMI shared some commonality in terms of appraisals, including perceived thought control. The next logical step in the search for a possible common underlying meta-appraisal mechanism is to test other types of IC for similar relationships.  ICs falling at differing points on a continuum, such as mind-wandering and intrusive psychotic experiences could be tested to determine if appraisal is a mechanism of distress, even when one experience is considered ‘neutral’ and the other clinically-distressing.
[bookmark: _Toc514685361]Conclusion	
[bookmark: _Hlk519507798]This study is the first to highlight shared relationships between negative appraisal and low perceived thought control across OITs and INMI and emphasises links between thought suppression and negative appraisal.   Such findings may contribute to cognitive models positing links between dysfunctional appraisals, distress, and employed coping strategies, accentuating the usefulness of cognitive-focused interventions in treating IC-related distress.  Findings also indicated INMI appraisals were less distressing than OITs, suggesting they may fall at the ‘neutral’ end of a continuum of experience..  Findings suggested WMC did not predict maladaptive appraisals of ICs, which was contrary to the hypotheses based on evidence drawing links between WMC and thought suppression.   Methodological limitations, clinical implications and future directions were considered.
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Thought Control Ability Questionnaire (Luciano et al., 2005)

Thought Control Ability Questionnaire
The following statements refer to experiences that people have in their everyday lives. In reference to your experience over the past month, please indicate how much you agree with each of the following statements.

	0
Strongly disagree
	1
Disagree
	2
Neutral or don’t know
	3
Agree
	4
Strongly agree



	1. 
	It is often difficult for me to fall asleep because my mind keeps going over personal problemsa  
	0
	1
	2
	3
	4

	2. 
	I often cannot avoid having upsetting thoughtsa  
	0
	1
	2
	3
	4

	3. 
	Although some people criticize me unfairly, I can’t help  thinking they might be righta  
	0
	1
	2
	3
	4

	4. 
	I manage to have control over my thoughts even when  under stress  
	0
	1
	2
	3
	4

	5. 
	I constantly censure my thoughts and actionsa  
	0
	1
	2
	3
	4

	6. 
	Any setback overwhelms me, no matter how smalla  
	0
	1
	2
	3
	4

	7. 
	I am usually successful when I decide not to think about something  
	0
	1
	2
	3
	4

	8. 
	I constantly evaluate whether my thoughts and actions are appropriatea  
	0
	1
	2
	3
	4

	9. 
	It is very easy for me to stop having certain thoughts  
	0
	1
	2
	3
	4

	10. 
	I feel worried, frustrated or sad for a long time after having an  embarrassing, troublesome or painful experiencea  
	0
	1
	2
	3
	4

	11. 
	It is easy for me to free myself of troublesome thoughts  
	0
	1
	2
	3
	4

	12. 
	Frequently, some thoughts or images take over my minda  
	0
	1
	2
	3
	4

	13. 
	There are negative things in my past that I cannot help rememberinga  
	0
	1
	2
	3
	4

	14. 
	There are few things in life that manage to trouble me  
	0
	1
	2
	3
	4

	15. 
	I haven’t been able to get the argument I had with (my partner, my  parents, a friend…) out of my head for several daysa 
	0
	1
	2
	3
	4

	16. 
	 I consider myself a person who is good at controlling positive and negative emotions.  
	0
	1
	2
	3
	4

	17. 
	My thoughts control me more than I control thema  
	0
	1
	2
	3
	4

	18. 
	There are some thoughts that enter my head without me being able to avoid ita  
	0
	1
	2
	3
	4

	19. 
	My thoughts are uncontrollablea  
	0
	1
	2
	3
	4

	20. 
	I am not usually overwhelmed by unpleasant thoughts  
	0
	1
	2
	3
	4

	21. 
	I am unable to free myself from certain thoughts: e.g. ‘‘I am a failure’’, ‘‘I am useless’’,  ‘‘I am no good at all’’, etca  
	0
	1
	2
	3
	4

	22. 
	I think other people have more control over their thoughts than I doa  
	0
	1
	2
	3
	4

	23. 
	If I get angry or fight with someone, I can’t stop thinking about it,  and I can hardly work or concentratea  
	0
	1
	2
	3
	4

	24. 
	I get rid of uncomfortable thoughts or images almost effortlessly  
	0
	1
	2
	3
	4

	25. 
	I have much patience, and I do not lose my composure easily  
	0
	1
	2
	3
	4



a Reverse scored items. 




[bookmark: _Toc514685364]
Appendix A- ii
Involuntary Musical Imagery Scale (Floridou et al., 2015).
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Obsessional Intrusive Thoughts Inventory (Garcia-Soriano et al., 2011).
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White Bear Suppression Inventory (Wegner & Zanakos, 1994).
White Bear Suppression Inventory

	1
Strongly disagree
	2
Disagree
	3
Neutral or don’t know
	4
Agree
	5
Strongly agree



	1
	I always try to put problems out of mind
	1
	2
	3
	4
	5

	2
	 I have thoughts that I cannot stop
	1
	2
	3
	4
	5

	3
	There are images that come to mind that I cannot erase
	1
	2
	3
	4
	5

	4
	My thoughts frequently return to one idea
	1
	2
	3
	4
	5

	5
	There are thoughts that keep jumping into my head
	1
	2
	3
	4
	5

	6
	Sometimes I wonder why I have the thoughts I do
	1
	2
	3
	4
	5

	7
	There are things that I try not to think about
	1
	2
	3
	4
	5

	8
	There are things I prefer not to think about
	1
	2
	3
	4
	5

	9
	I have thoughts that I try to avoid
	1
	2
	3
	4
	5

	10
	I wish I could stop thinking of certain things
	1
	2
	3
	4
	5

	11
	Sometimes I stay busy just to keep thoughts from intruding my mind
	1
	2
	3
	4
	5

	12
	I often do things to distract myself from my thoughts
	1
	2
	3
	4
	5

	13
	There are many thoughts that I have that I don’t tell anyone
	1
	2
	3
	4
	5

	14
	Sometimes my mind races so fast I wish I could stop it
	1
	2
	3
	4
	5

	15
	Sometimes I really wish I could stop thinking 
	1
	2
	3
	4
	5
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Appendix A- v
Obsessive-Compulsive Inventory-Revised (Foa et al., 2002).[image: ]
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Scores of the OSPAN in full and explanation of each score.
	Table 6. Descriptive data for other OSPAN variables

	
	Minimum
	Maximum
	M
	SD

	Absolute score
	10
	75
	44.32
	15.80

	Maths error total
	0
	15
	5.51
	3.19

	Maths correct %
	0
	32
	7.63
	5.02

	Speed error
	0
	11
	1.20
	1.81

	Accuracy error
	0
	13
	4.32
	2.61

	Note. M = mean, SD = standard deviation



	Information pertaining to the OSPAN variables

	The OSPAN task generates six scores; ‘absolute score’, ‘partial score’, ‘maths error’, ‘maths error percentage’, ‘speed error’, and ‘accuracy’.   The ‘absolute score’ indicates the number of answers completely correct (all letters recalled and in the correct order).  Conway et al. (2005) state that absolute scores do not account for the fact that the difficulty of a span item can depend on multiple dimensions and merely accepting the most recent correct span item as a person’s overall span ability, means that any longer span items which were recalled correctly, but where processing errors were made, are discarded.  The partial score was taken as recommended by Conway et al (2005) and Redick et al (2012).  Therefore, the ‘partial score’ is recommended.  The ‘partial score’ allows for individual elements of an item to be scored, and therefore credit is given to partly-correct items, for example, credit is assigned when the correct letters are recalled, despite errors in the order of recall.  In the current study, the ‘partial score’ is taken as the overall working memory performance score.  Other scores generated are ‘Maths error’ (the number of incorrect answers on the mathematical questions) and ‘maths error percentage’ (the percentage of overall accuracy in answering the mathematical questions) (maximum correct maths score = 75).  ‘Speed error’ represents the number of answers to maths problems which were not given with the prescribed time, and ‘accuracy error’ represents a wrong answer to a maths problem.
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Initial email sent to potential participants.

Dear colleague

My name is Jenny Ward and I am a doctoral clinical psychology student at the University of Sheffield.  I am looking for volunteers to participate in a study exploring the experience of songs and thoughts which intrude into our minds, and what might be linked to this.

The study is open to all staff and students but a high level of English language ability is necessary.

We'd like you to come into the psychology department to complete a 20-minute questionnaire exploring how you experience songs which get stuck in your head - also known as 'earworms'.  You will also answer questions about your experience of random thoughts which pop into your mind.  Some of these thoughts can be distressing, but they are extremely common and people experience these every day.

We'd then like you to complete a 15-minute computer task so we can get an idea of your cognitive functioning.  We're interested to see if this is linked to your experience of earworms and thoughts that pop into your head.

On completion of the study you will be entered into a prize draw to win GBP 50 as a thank you for your participation*.

*Unfortunately, psychology undergraduates who receive course credits for participation in studies can not be entered into the prize draw.

Your participation will offer a valuable contribution to research into involuntary thoughts and help us explore the broad spectrum of how individuals experience this common phenomenon.

Your participation is voluntary and you are free to withdraw at any time, and your information will remain confidential.

This study is being conducted under the supervision of Dr Lisa-Marie Emerson (l.emerson@sheffield.ac.uk) and Dr Victoria Williamson (v.williamson@sheffield.ac.uk) and has received ethical approval from the University of Sheffield Psychology Department Ethics Committee.

If you are interested in taking part or would like more information, please contact me by emailing: jsims2@sheffield.ac.uk.  I will then send you some dates and times and you can decide if you are able to come in and participate.

Many thanks,
Jenny Ward

[bookmark: _Toc514685370]Appendix C- ii
Information sheet with consent requested prior to testing.

I am a trainee clinical psychologist and I would like to invite you to participate in this two-part study.  I am working in collaboration with Dr Lisa-Marie Emerson (Department of Clinical Psychology) and Dr Victoria Williamson (Department of Music).  

The study

Part One
Have you ever had a song stuck in your head? The chances are that you have, because this is an extremely common phenomenon.  We’d like to know what your experience is like of having a song stuck in your head- also known as an ‘earworm’. 

We’re also interested in looking at the experience of involuntary thoughts which intrude into people’s minds.  Some of these can be distressing, as the same thoughts keep popping into our heads repeatedly, but they are extremely common and people experience these every day.  Some of the questions will ask about unpleasant thoughts which can pop into people’s heads, for example, having thoughts of hurting others.  We’d like to know what that’s like, how you feel about these thoughts and how you try to cope with them.    

This will take about 20 minutes.

Part Two
We’re also interested in exploring whether a person’s ability to do mental tasks is linked to earworms and involuntary intrusive thoughts.  On completion of the questionnaire, you will be asked to complete a computerised mathematical task.

This will take about 15 minutes.

On completion of both parts of the study, you will receive psychology credits if you are a psychology undergraduate.

Other participants will not receive credits, but will be entered into a prize draw to win £50 as a thank you for your participation.

Your participation is entirely voluntary and you are free to withdraw from the study at any point, by closing down the questionnaire (part 1) or by discontinuing the computer test (part 2).  All the information you provide us with will be treated as strictly confidential and will always remain anonymous.  
 
Prior to participating in this study you will be asked to give yourself a code which will keep your scores anonymous.  Should you wish to withdraw your data after completing the study, you will need to provide your code.

Some of the questions ask about experiences that some people may find distressing. If at any point during the study you feel distressed or concerned about your mental health then please book an appointment to see your GP. Further information and support can be found from the following sources:

Mind 
No Panic 
OCD action
OCD-UK 
Depression Alliance 
Anxiety UK 
Samaritans 
Nightline 

If you have any questions about the study, then you can contact the researchers: Jenny Ward (jsims2@sheffield.ac.uk), Dr Lisa-Marie Emerson (l.emerson@sheffield.ac.uk) and Dr Victoria Williamson (v.williamson@sheffield.ac.uk).

This study has been ethically approved by the Department of Psychology, University of Sheffield, ethics review procedure.

If you would like to participate, then please check the box below to confirm that you have read and understood the above information about this study and have had the opportunity to ask questions (by emailing the researchers).

By checking this box you indicate that you understand that participation is voluntary and that you are free to withdraw at any time, without giving any reason, without your legal rights being affected.

	  
	I agree to take part in the above study 
	I do not agree to take part in the above study 

	PLEASE SELECT ONE RESPONSE 
	
	

	
	Current Progress 0% 
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Debrief part one


Thank you for participating in part one of the study, your time is much appreciated.  You have answered questions about your experience of involuntary thoughts and ‘earworms’ within the following four questionnaires:

1. Involuntary Musical Imagery Scale: this measured your experience of earworms.
2. Inventario de Pensamientos Intrusos Obsesivos (INPIOS) is based on the Revised Obsessional Intrusions Inventory: this measured your experience of obsessive intrusive thoughts
3. Thought Control Ability Questionnaires: this measured your ability to control intrusive thoughts
4. White Bear Suppression Inventory: this measured your tendency to suppress intrusive thoughts
5. Obsessive Compulsions Inventory-Revised: this measured the severity of obsessive thoughts

We will use your anonymous data to explore the experience of different types of involuntary thoughts, by looking at your scores on each of the questionnaires. We can compare scores between the questionnaires to explore if the experience of involuntary thoughts and ‘earworms’ are similar or different.  
Some of the questions ask about experiences that some people may find distressing. If at any point during the study you feel distressed or concerned about your mental health then please book an appointment to see your GP. Further information and support can be found from the following sources:
· Mind
· No Panic
· OCD action
· OCD-UK
· Depression Alliance
· Anxiety UK
· Samaritans
· Nightline

Please email jsims2@sheffield.ac.uk if you have any questions about part one.  

Should you wish to make a complaint about anything related to the study, please complete an adverse incident form and contact Richard Hudson (Research and Innovation Service) for guidance on completing this.

You are now invited to participate in part two of the study.  Please click below to choose your time and date to attend university to complete part two.

[bookmark: _Toc514685372]Appendix D- ii
Debrief part two

Thank you for participating in part two of the study.  In completing this task, you have provided information on how you use your ‘working memory’ to solve a particular task.  Working memory is used when we are asked to perform a mental task, whilst also holding some other information in mind and remembering this.  We can now look at your scores on this task, and investigate whether they are related to the scores from your questionnaires.  This will help us answer our research question of whether working memory is something which affects the way a person experiences involuntary thoughts and ‘earworms’.
If you have any questions about the study, then you can contact the researchers: Jenny Ward (jsims2@sheffield.ac.uk), Dr Lisa-Marie Emerson (l.emerson@sheffield.ac.uk) and Dr Victoria Williamson (v.williamson@sheffield.ac.uk).
Should you wish to make a complaint about anything related to the study, please complete an adverse incident form and contact Richard Hudson (Research and Innovation Service) for guidance on completing this.
As a thank you for your participation, we would like to add your name into a prize draw to win £50.  If you would like us to do this, please enter your email address into the box provided.
PLEASE LET THE RESEARCHER KNOW IF YOU WOULD LIKE TO KNOW THE RESULTS OF THE STUDY VIA EMAIL
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Ethical approval letter from the University of Sheffield Research Ethics Committee.
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Tables presenting frequency (%) of item responses on the INPIOS (Garcia-Soriano et al., 2011) and IMIS (Floridou et al., 2015).
Table Gi. Frequency percentages for each item of OIT appraisal measure.  Items ask whether the participant’s most upsetting thought makes them feel the following ways.
	Item
	Not at all (%)
	Somewhat
(%)
	I feel this
(%)
	Very much
(%)
	Extremely
(%)

	1.Unpleasant
	2.4
	22.6
	33.3
	26.2
	14.3

	2.Anxious 
	9.5
	25
	33.3
	25
	7.1

	3.Sad 
	26.2
	26.2
	27.4
	15.5
	4.8

	4.Guilty 
	28.6
	23.8
	16.7
	21.4
	9.5

	5.Ashamed 
	38.1
	19
	22.6
	15.5
	4.8

	6.Difficult 
	22.6
	36.9
	16.7
	15.5
	8.3

	7.Successful at controlling
	14.3
	46.4
	17.9
	11.9
	9.5

	8.Interrupt concentration
	13.1
	34.5
	29.8
	19
	3.6

	9.How important
	26.2
	29.8
	26.2
	14.3
	3.6

	10.How unacceptable
	29.8
	31
	16.7
	11.9
	10.7

	11.Reveals something about me
	14.3
	26.2
	33.3
	22.6
	3.6

	12.Negative things will happen
	46.4
	25
	17.9
	8.3
	2.4

	13.How responsible
	23.8
	21.4
	33.3
	13.1
	8.3

	14.Important to control/suppress
	9.5
	23.8
	17.9
	32.1
	14.3

	15.Bad things will happen
	25
	35.7
	20.2
	15.5
	3.6

	16.Uncertain or doubtful
	22.6
	33.3
	14.3
	25
	4.8







Table Gii. Frequency percentages for each item of INMI appraisal measure.  Items ask whether the participant’s earworm experience makes them feel the following ways.
	Item
	Never 
(%)
	Not very often (%)
	Sometimes
(%)
	Most of the time (%)
	Always
(%)

	Agitate me
	13.1
	34.5
	42.9
	8.3
	1.2

	Worries me
	53.6
	32.1
	10.7
	2.4
	1.2

	Wish I could stop
	14.3
	32.1
	39.3
	10.7
	2.4

	Irritating
	9.5
	21.4
	56
	10.7
	1.2

	Try to block it
	8.3
	35.7
	34.5
	16.7
	3.6

	Unpleasant 
	31
	46.4
	17.9
	2.4
	1.2

	Try hard to get rid
	19
	28.6
	32.1
	13.1
	6.0
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When around others, and without anyone provoking me, | have had mental intrusions of-
9. Physically harming (punching, hitting, kicking, etc) strangers or animals 0| 1]2 4
10._| _Physically harming (punching, hitling, bumping, efc.) people around me 0| 1]2 4
When with people, and without being provoked, | have had mental intrusions of-
11. | _Saying something inappropriate, bothering or insulting to a stranger 0| 1]2 4
12. | Saying something rude to or insuling someone | know (family member, friend) 0| 1]2 4
13. | That the fly of my pants is unzipped or that my blouse is unbutioned 0| 1]2 4
Not being angry, and without being provoked, | have had mental intrusions of:
14. | Robbing or stealing money (in a shop, from someone, etc.), even though Idon't | 0| 1| 2| 3| 4
really need it
15. | Breaking or destroying something on purpose (a dish, an omament, scratching | 0| 1| 2| 3| 4
the paint of a car, “painting grafft” etc.)
Out of the blue and for no particular reason, | have had mental intrusions of-
16. | Having sex with a person who | would never want fo have sex with 0|12 4
17. | Engaging in sexual activity that goes against my sexual preference .. ol 1] 2 4
'homosexual, heterosexual, animals, cadavers, etc)
Out of the blue and for no particular reason, | have had mental intrusions of-
18. | _Engaging in sexual acivity that seems inappropriate or repugnant 0] 1]2]3]4
19. | Having sex in a public place 0| 1]2]3]4
20. | Undressing, looking at the genitals of, or having sex with strangers o|1]2]3]4
When in the presence of religious symbols or images, or in a place of worship, | have had mental intrusic
21. | _Swearing or shouting obscenities out loud 0] 1)2]3]|4
22. | _Insuiting a religious authority (ie. priest, rabbi, nun, etc.) 0| 1]2]3]4
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0.NEVER: | have never had tis inrusion
1 RARELY: ave ha i s are orice my e [ BportpoF A
2, OCCASIONALLY: | havetis intrusion a fow tmes a year.
3 SOMETIMES: | have s ifusion onceor wice 3 mori
4. OFTEN: I have i nrusion once or twice  week
5. VERY OFTEN: | have this inrusion daily. Adobe Export PDF @
e ‘Convert PDF Files to Word
or Excel Online
While driving, | have had unacceptable mental intrusions of: Select POF File
1._| _Hiting someone (pedestrians, animals, etc) or causing an accident. o 1 3
2| _Smashing into something (e..,store window, ree, poles, efc) ol 1]2]3 @=fmeed 2%
When using a sharp object (knife, razor scissors, etc) or a tool, | have had mental intrusions of:
3._ | Cutting or stabbing myself with the knife (scissors, etc.) 0| 1]2 4|56 [Convertiio)
4._|_Cutting o stabbing a stranger with the knife (cissors, etc) 0| 1]2]3]4]5]6 Microsoft Word ("docx) v
5.__| _Injuring or huring someone close to me (family member, close friend) ol 1]2 4]5]6
When in a high place (like a clf, bridge, high building, etc,), | have had mental intrusions of: Document Language:
6._| _Jumping offa high place o] 1]2]3]4]5]6 English (US) Change
7.__| _Pushing someone off a igh place o| 1] 2]3]4]5]6
When near traffc or the railway/subway, | have had mental intrusions of:
8| _Jumpingiin font of a train, subway o ar. o| 1] 2]3]4]5]6
When around others, and without anyone provoking me, | have had mental intrusions of
9.__| _Physically harming (punching, hiting, kicking, etc) srangers or animals o] 1]2]3]a]5]6
10| _Physically harming (punching, hiting, bumping, etc.) people around me ol 1] 2]3]a|5]6
When with people, and without being provoked,  have had mental intrusions of: Y CreatePOF v
1. | _Saying something inappropriate, bothering or insulting to a stranger o] 1]2]3]a]5]6
12. | _Saying something rude to o insuting someone | know (family member, riend) | 0| 1] 2| 3] 4] 5] 6 e AT
13. | _That the fly of my pants is unzipped or that my blouse is unbutioned of1]2]3]4|5]6 Document Cloud
Not being angry, and without being provoked. I have had mental intrusions of: Learn More
14. | Robbing or stealing money (ina shop, from someone, etc), even though Idon't | 0| 1] 2| 3] 4| 5] 6
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‘Outof the bive and for no particular reason, | have mental intrusions of:

23| _Images related to repugnant or morbid themes (i.. dead bodies, viokence.etc) | 0| 1] 2| 3] 4] 5] 6]

24| Existentialdoubts that make no sense (.e. about mysel, my feslings, e, the
word_etc)

Even when a piace (i my affice, my house) looks tidy or right | have had mental

25. | _The documents, papers, efc. are out of order or not in teir place.

26. | Some objects (2. pieces of furniture, othes, CDs, fc) ae not corecty
organized, or not folowing a cetan order (L. symmetry, colour,etc)

27| _The idea that certain things should be in ‘thei” place

inmy iy It

28. | I need o folow a certan order when doing Some acivites ke dressing mysel,
undressing,or washing, e

When in a public piace, | have had mental ntrusions of:

29. | That I might have become contaminated o coniracted a disease by touching
things strangers have fouched (.. doorknobs, a tolt seat cover, money, pubic
telephone, etc)

Even though | know it probably is ot true, | have had mental intrusions of-

30. | Hauing ft something on 2t home (. ichen, gas, hea,stove,ights,
ciaret,etc)

| Having e someting unocked at home (. e oor, a window, )

| _Having left the taps running in the houselapartment

Having made a misiake at work o school (.2, having misundersiood a text
incorect answer on exam, notwriten down lecture notes conecty, efc)

Having left sometfing dangerous (.. glasses, oK producs, etc) in a place
where chidren have access.

| _Having forgot something important

Suddenly, and even though | know i’s probably not true, Ive had mental intrusions of

|_Whetner | have done sometning o not ie. have | watered the planis”)

%
37| Wnetner | could have hurt myself or conracted a isease
38 | Wnetner | could have accidentally caused a tragedy

39_|_Wnether | coud have offended someone withou reaizing

20_ | Wnetner | il need sometfing in the future that | was going f throw out
because | haven't used it for along time (2. od clohes, newspapers, empty

bags orbores, )
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‘Even though | Know itis not likely, | have had mental inrusions of:

41. | Being diry or contaminated, although | have not touched anything dity.

|o|1]2]3]4|s|6]

Being contaminated becase of contact wth people, places, or tings that are
npleasantto me for some reason

Being ity orcontaminated due 0 contact,however b, Wi body secreions
(ie.sweal, i urne, etc)

‘Being Contaminated or Conractng a disease due {0 contact wiha t0xic or
poisonous substance 1. domestic products, plant, &) or poltant Le. rash,
residues, ec ).

Even though 1 know it is not likely, | have had mental intrusions:

45. | That some actons or stuatons can cause fuure misfortunes or bad uck in
‘geneal (2. walking under a adder, seeing a back cat someone looking at me
Sdeways,etc)

“That some thoughts or images can cause fture misiorunes o bad luck in
‘general (2., having bad thoughts could cause someting ba 0 hagpen to
‘Someone, tinking about unucky numbers, imagining a disaster)

“That aiue o fouch some objects or falre 0 repeat certain acions coukd
‘cause future misfotune or bad luck n gereral

“That notfllowing Certain oder o habits in my dal e (1. dressing, ong (0
e, etc) coud caus future misforunes or bad luck n general

1also have these other mental intrusions.
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PARTII-A
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> Now go over those inrusions from the previous checklist THAT YOU HAVE EXPERIENCED IN THE LAST
‘THREE MONTHS.

> Decide which of these infrusions is the most UNPLEASANT, most UNCOMFORTABLE or UPSETS you the most
WHEN YOU HAVE IT. Record the infrusion here:

Adobe Export PDF @

‘Convert PDF Files to Word
or Excel Online

The intrusion that | find MOST UNPLEASANT among those that | have experienced in the last three months, is flem Select PDF File
number from the checkist (Part 1)
‘THE FOLLOWING QUESTIONS CONCERN ONLY THE MOST UNPLEASANT INTRUSION THAT YOU RECORDED .

PLEASE CIRCLE THE NUMBER THAT BEST REPRESENTS YOUR EXPERIENCE:

Questionnaires2pdf X

1. How UNPLEASANT is the intrusive thought? | 2. How ANXIOUS do you feel when you have the Convertto

‘mental intrusion?
Microsoft Word ("docx) v

Itis not at ll unpleasant 0. | donit feel anxious

Itis somewhat unpleasant DoCme o0

English (US) Change

Ifeel somewhat anxious

Ifeel ansious

[J
1
2. Itis unpleasant
3. Itis very unpleasant
4

1
2
3. el very ansious
Itis extremely unpleasant .

Ifeel extremely anious

3. How SAD do you feel when you have the 4. How GUILTY do you feel when you have the
intrusive thought? intrusion?
0.1 donit feel sad 0. I donitfeelguity
1. Ifeel somewhat sad 1. Ifeel somewhat quity ) Create POF M-
2. lfeelsad 2. Ifeel ity
3. leslverysad 3. Ifeel very quity B
4. lfeel extemely sad 4. Ifeel exremely quity [
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5. How ASHAMED do you feel when you have
the intrusion?

Idon'tfeel ashamed
Ifeel somewhat ashamed
Ifeel ashamed

Ifeel very ashamed

Ifeel extremely ashamed

6. How DIFFICULT s for you to CONTROL or to
SUPPRESS the intrusion?

0. Htis not atal ifficult o control
1. Itis somewhat diffcultto control
2. s diffcult o control

3. Htis very diffcuitfo control

4. tis extremely diffcult o control

)
1
2. 1 am successful
3
a.

7. How SUCCESSFUL are you at controlling or
suppressing the intrusion?

. | am ot atallsuccessful

. | am somewhat successful

. | am very successful

. | am extremely successul

8. To what extent does the intrusion INTERRUPT
your concentration?

. Itdoes notinterrupt my concentration

. Hinterrupts my concentration a it

. Hinterrupts my concentration

. Hinterrupts my concentration very much
. Itextremely interrupts my concentration
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9. How IMPORTANT is the intrusive thought for
you?

0. Itis not at all important

1. Itis somewhat important f

2. ltisimportant

3. Itis very important

4. Itis extremely important

10. How UNACCEPTABLE s it to even let yourself
think about the intrusion?

0. Itis not at all nacceptable
1. ltis somewhat unacceptable
2
3
4

tis unacceptable

. s very unacoeptable

. Itis extremely unacoeptable

11. To what extent have you wondered if the
intrusion REVEALS something about yourself;
the type of person you are?

0. I don't think it revesls anything about me
1. Itk it reveals a ltle something about me:
2. Ithink it reveals something about me

3. Ithink it eveals a great deal about me

4

Iam convinced that it reveals something very
important about me

12. To what extent have you wondered if
NEGATIVE THINGS are more likely to happen
BECAUSE OF having the intrusion?

o

Idon'tthink negative tings are more likely fo
happen because of having the infrusion

hink some negative things might be more
likely o happen because of having the intrusion
Ioften think negative tings are more ikely to
happen because of having the infrusion

Ithink tis very likely that negaive things will
happen because of having the intrusion

Iam convinced that negative things wil happen
because of having the intrusion

13. When you have the intrusion, to what extent
do you feel RESPONSIBLE to prevent any
‘negative consequences related to the intrusive
thought?

0. I don'tfeel responsible

14. When you have the intrusion, how IMPORTANT
is itfor you to CONTROL or SUPPRESS the
thought?

o
1.

Itis notimportant
Itis somewhat important
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4. 1am convinced that negative things will happen
because of having the intrusion

13. When you have the intrusion, to what extent
do you feel RESPONSIBLE to prevent any
‘negative consequences related to the intrusive
thought?

0. Idon't feel responsitle
1. Ifee! somewhat responsible
2. Ifeel responsitle

3. Ifeel very responsible

4. Ifeel extremely responsible

14. When you have the intrusion, how IMPORTANT
is itfor you to CONTROL or SUPPRESS the
thought?

Itis notimportant

1. Itis somewhat important
2. Itisimportant

3. Itis very important

4. Itis extremely important

15. When you have the intrusion, to what extent
does it make you THINK that BAD THINGS could
happen?

0. I don't think that bad things could happen
1. I think a it that bad things could happen
2. Ithink that bad things could happen

3. Ithink a lot of bad things could happen

4

. 1am preocoupied with bad things that could
happen

16. When you have the intrusion, does it make you
feel UNCERTAIN or DOUBTFUL about yourself or
life circumstances?
0. It doesn't make me feel uncertain or doubtful at
al

1. Itmakes me feel somewhat uncertain or
doubul

It makes me feel uncertain or doubiful

It makes me feel very uncertain or doubtful

4. ltmakes me feel extremely uncertain or
doubul

Questionnai.. x | (D)

[ ExportPDF  ~

Adobe Export PDF @

‘Convert PDF Files to Word
or Excel Online

Select PDF File
Questionnaires2pdf X
Convertto

Microsoft Word (docx) v

Document Language:
English (US) Change

Y CreatePDF v

Store and share files in the
Document Cloud

Lear More

- 7 9) ]




image21.png
Juestionnaires2.pdf - Adobe Acrobat Reader DC - X

ile Edit View Window Help

Home Tools wan suhaila... Zzenner2016... Nyenhuis- s... martinezdev... Cima-jaaa-2... Conrad 201... Hesser cbt.p.. Questionnai.. x | () Sign In

®BEQ OO /v DO = - B BEAT ©2

| Cleaniwash Jo[1[2]3]4

a 3 S
b [ Check o1 [2[3 s
ExportPDF A
c [ Repeatanacion o1 [2[3 s B ee
d [ Putinorder o1 [2[3[a
5. [ reason with myself tying (o convince myself that the ntusion i not mportant, that it Adobe Export POF @
makes no sense, or that | do not hate fo worry about having i of12]3]s
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important, that nothing bad i going fo happen. of12]3]s Select PDF File
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PARTII-B

> Now here is alist o diflerent strategies people use fo alleviate the unpleasaniness of their infrusions, or to get
1id of them

> Read each strategy and record how often you use it o get rid of the intrusion that you chose before as THE
MOST UNPLEASANT

lever use tis strategy
arely use this sirategy
Sometimes use tis strategy
Often use tis strategy

: Always use this srategy

‘THE FOLLOWING QUESTIONS CONCERNS THE MOST UNPLEASANT INTRUSION YOU PREVIOUSLY
RECORDED:

1. [ Tdistract myself by tinking of oher fhings 0[T[2[3[4
21 distract myself by doig something (ie. tuming up the radio, the TV, talking o

someone, elc.) ol1(2[3]4
3. [ty to form another image or thought in my mind that | know counters the

unpleasaniness produced by the intrusion (i. say a particular word or phrse, repeat a

prayer, think opposite thoughts, pleasant images, efc ) ol1f2(3]a
4 Ido something that | know counters the unpleasaniness provoked by the infrusion. For example:
a [ Cleaniwash 0
b [ Check 0
© [ Repeatan acion 0
d [ Putin order 0
5. reason wilh myself rying fo convince myself that the nfrusion is not important, that it

‘makes no sense, or that | do not have to worry about having it
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1 collect things | don't need.
I repeatedly check doors, windows, drawers, etc.

1 get upset if others change the way | have arranged things
Ifeel | have to repeat certain numbers.

I sometimes have to wash or clean myself simply because | feel
contaminated.

I'am upset by unpleasant thoughts that come into my mind against my will
I avoid throwing things away because | am afraid | might need them later.

I repeatedly check gas and water taps and light switches after turning them
off

I need things to be arranged in a particular way.
I feel that there are good and bad numbers.
I wash my hands more often and longer than necessary.

I frequently get nasty thoughts and have difficulty in getting rid of them.
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The following statements refer to experiences that many people have in their everyday lives. Circle

the number that best describes HOW MUCH that experience has DISTRESSED or BOTHERED you Questionnaires2pdf X
during the PAST MONTH. The numbers refer to the following verbal labels

Convertto

0 1 2 3 4

Not at all A little Moderately Alot Extremely MicTosciWord{iroco g

Document Language:

I have saved up so many things that they get in the way. 01 2 B e

I check things more often than necessary. 012

1 get upset if objects are not arranged properly.

Y CreatePDF v

I feel compelled to count while | am doing things.

1 find it difficult to touch an object when | know it has been touched by
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17/11/2016 the above-named project was approved on ethics grounds, on the basis that you will adhere to

the following documentation that you submitted for ethics review:

* University research ethics application form 011188 (dated 17/10/2016).
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