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Abstract

Objective—Compulsivity refers to a tendency towards repetitive habitual behaviors. Multiple 

disorders have compulsive symptoms at their core, including substance use disorders, gambling 

disorder, and obsessive-compulsive disorder. The aim of this study was to validate a scale for the 

objective, trans-diagnostic measurement of compulsivity.

Methods—The fifteen-item Cambridge-Chicago Compulsivity Trait Scale (CHI-T) was 

developed for the rapid but comprehensive measurement of compulsivity. Adults aged 18-29y 

were recruited using media advertisements, and completed the CHI-T in addition to demographic, 

clinical, and cognitive assessment. The validity and psychometric properties of the scale were 

quantified.

Results—112 participants completed the study. The scale yielded a normal distribution with very 

few outliers. It had excellent psychometric properties, with high internal consistency (Cronbach’s 

alpha = 0.8), and excellent convergent validity against gold-standard assessments of compulsive 

symptoms (each p<0.001 for gambling disorder, obsessive-compulsive, and substance use disorder 

symptoms). Total scores on the scale correlated significantly with less risk-adjustment on the 

decision-making task (rigid response style) and divergent validity was confirmed against other 

cognitive domains (response inhibition and executive planning). The above significant findings 

withstood Bonferroni correction. Factor analysis suggested the existence of two latent factors: one 

related mainly to reward-seeking and the need for perfection; and the other relating to anxiolytic/

soothing features of compulsivity.

Conclusion—The CHI-T, a scale designed to measure trans-diagnostic compulsivity, appears to 

show excellent psychometric properties in a normative population and merits further investigation 

in the context of clinical patient populations, including in treatment trials.
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Introduction

It is increasingly recognized that trans-diagnostic measures of psychopathology may play an 

important role in the future diagnosis, classification, and treatment of mental disorders. Per 

the NIMH Research Domain Criteria (RDoC) strategic plan, trans-diagnostic markers would 

ideally be measurable in a continuous or dimensional fashion, evident to a milder degree in 

normative populations, extending through to higher levels in mental disorders1,2. The 

concept of compulsivity is extremely relevant to understanding and treating a variety of 

mental disorders. Compulsivity has been defined as a tendency towards repetitive, habitual 

actions, repeated despite adverse consequences3. Additionally, compulsivity relates to the 

sense of being ‘compelled’ to undertake an act, or getting ‘stuck’ until a situation or act is 

‘just right’4.

Compulsivity is central to obsessive-compulsive disorder (OCD; intrusive thoughts and/or 

repetitive rituals), and substance related and addictive disorders (including gambling 

disorder)5. Despite the high clinical and research importance of this concept, to the authors’ 

knowledge there exist no transdiagnostic compulsivity scales designed to measure 

compulsivity irrespective of particular compulsive symptom category (literature search 

including PubMed using terms “compulsivity or compulsive scale” dated 13th November 

2017). The available scales pertaining to compulsivity were not designed to capture trans-

diagnostic compulsivity per se, but rather to quantity presence and/or severity of restricted 

categories of symptoms for one (or more) mental disorder(s). For example, many scales have 

been developed for assessing obsessive-compulsive symptoms6, including those designed 

for normative and clinical settings such as the Padua inventory7. Similarly, instruments exist 

for other compulsive symptoms related to specific categorical disorders, such the Structured 

Clinical Interview for Gambling Disorder (SCI-GD)8. Therefore, the aim of the current 

study was to develop a new trans-diagnostic scale for compulsivity, irrespective of particular 

diagnostic category, and to validate this scale in a normative setting.

Methods

Participants

A normative sample of participants, aged 18-29 years, was recruited using media 

advertisements in a large US city. Adverts asked subjects to participate in a research study 

exploring impulsive and compulsive behaviors. Subjects were excluded if they were unable 

to give informed consent, were unable to understand/undertake the study procedures, or 

were seeking treatment for any mental disorders. All study procedures were carried out in 

accordance with the Declaration of Helsinki. The Institutional Review Boards of the 

Universities of Minnesota and Chicago approved the study and the consent statement. 

Participants were compensated with a $50 gift card for a local department store for taking 

part.

Clinical assessments

The Cambridge-Chicago Compulsivity Trait Scale (CHI-T) was developed with a view to 

measuring transdiagnostic aspects of compulsivity in a convenient and short format. The 

Chamberlain and Grant Page 2

CNS Spectr. Author manuscript; available in PMC 2018 November 03.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



scale items were selected based on a review of the existing literature and discussion between 

the current study authors and professional colleagues, as well as on consensus between the 

authors. The final self-report scale contained fifteen items, with an additional specifier for 

functional impairment. The scale covered broad aspects of compulsivity including the need 

for completion or perfection, being stuck in a habit, reward-seeking, desire for high 

standards, and avoidance of situations that are hard to control. For each item, participants 

selected whether the statement applied to them by selecting “strongly disagree”, “disagree”, 

“agree”, or “strongly agree”. These responses were scored 0, 1, 2, or 3 respectively. Total 

score on the instrument ranges from 0 – 45.

Participant assessments were conducted in a quiet testing room with a trained rater, and 

included a clinical interview, completion of questionnaires (including the CHI-T), and a 

neuropsychological assessment using a touch-screen computer. Relevant demographic 

information was documented including age, gender, and education level. Presence of a 

substance use disorder was evaluated using specific modules from the Mini International 

Neuropsychiatric Inventory (MINI)9. Gambling disorder symptoms were measured using 

the Structured Clinical Inventory for Gambling Disorder (SCI-GD) (modified for DSM-5)8, 

and levels of obsessive-compulsive symptoms were measured using the self-completed 

Padua inventory7.

Cognitive testing comprised three previously validated tests from the Cambridge 

Neuropsychological Test Automated Battery (CANTABeclipse, version 3, Cambridge 

Cognition Ltd, UK): the Cambridge Gamble task10, Stop-Signal task11, and Stockings of 

Cambridge task12. Based on previous literature we expected Gamble task performance to be 

associated with compulsivity, because impairment on this task occurs even in people at risk 

of gambling disorder13, and reward-related decision making deficits are prominent in 

gamblers14,15. Furthermore, symptoms of compulsive disorders such as gambling and 

substance use are themselves suggestive of decision-making problems. We included the 

Stop-signal and Stockings of Cambridge tasks to confirm the divergent validity of CHI-T 

relationship with cognition: we predicted that relationships between CHI-T scores and 

performance on these tasks would be weak or non-significant, as compared to decision-

making performance.

On the Cambridge Gamble task, for each trial, ten boxes were shown, some blue and some 

red, with a token having been hidden behind one of these. The participant selected the color 

of box they believed a token was hidden behind, and then decided how many points to 

gamble on having made the correct decision. The main measures of decision-making on the 

task were the proportion of points gambled overall, the proportion of rational decisions made 

(proportion of trials when the volunteer opted for the color that was in the majority), and the 

extent of risk adjustment (the extent to which individuals modulated the amount gambled 

depending on the probability of making correct choices).

On the Stop-signal task, participants viewed a series of directional errors appearing one-per-

time on the screen, and made speeded motor responses – if a left arrow occurred, they 

pressed a left button, and vice versa for right facing arrows. When an auditory stop-signal 

(“beep”) occurred, participants attempted to withhold their motor response for the given 
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trial. The main outcome measure on the task is the stop-signal reaction time, which is an 

estimate of how long it takes a given individual to suppress an already triggered response.

On the Stockings of Cambridge task, participants attempted to work out the minimum 

number of moves it would take to move a set of snooker balls in pockets, to match a goal 

arrangement shown by the computer. To successfully complete trials on this task, 

participants have to hold “in mind” the moves they have made and sequence their planned 

course of actions efficiently. The key outcome measure on the task is the number of 

problems solved correctly on the first attempt.

Data analysis

The distributions of CHI-T total scores are characterized graphically in terms of any skew 

and outliers (see Figure 1). Concurrent validity of the CHI-T was confirmed using 

correlation analysis (spearman’s rho) against compulsive symptoms, namely scores for 

gambling (SCI-GD scores) and obsessive-compulsive symptoms (Padua scores). 

Furthermore, CHI-T total scores were compared between subjects with versus without a 

current substance use disorder. The functional relevance of the CHI-T was evaluated by 

comparing total scores between those who did and did not endorse significant functional 

impairment based on a binary response. Additionally, correlations were computed between 

CHI-T total scores and cognitive measures, to confirm the specificity of the scale for 

decision-making as opposed to response inhibition impairment and more generalized 

executive dysfunction. Lastly, we conducted exploratory factor analysis, with a view to 

characterizing possible subtypes of compulsive measures within the dataset. The number of 

variables was selected using the Kaiser criterion16 and factor loadings were explored using 

the maximum likelihood quartimin method. We regarded the factor analysis as being a 

secondary analysis and of a preliminary nature, due to the relatively large ratio of scale items 

to the sample size.

All analyses were conducted using JMP Pro software version 13.2. Statistical significance 

was defined as p<0.05 uncorrected, two-tailed, though we also indicated in the text when 

findings would have withstood Bonferroni correction for the number of multiple 

comparisons.

Results

The sample comprised n=112 adults, mean age (standard deviation) 23.3 (3.6) years, of 

whom 63 (56.3%) were male (Table 1). The mean scores on gambling disorder and Padua 

obsessive-compulsive symptoms were as expected for a normative population 17,18, as was 

the proportion of participants with a substance use disorder 19.

Primary Analysis

The distribution of total scores on the CHI-T instrument are displayed in Figure 1, where it 

can be seen that data were normally distributed with minimal skew and only three outliers. 

Data for the three outliers were excluded from subsequent analyses due to use of parametric 

statistical tests. The CHI-T demonstrated excellent internal validity (Cronbach’s alpha = 

0.80), with all individual scale items exhibiting strong loading onto other items (all alpha > 
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0.78). Those endorsing marked functional impairment had significantly higher CHI-T total 

scores (mean [SD] total SCI-T score: 30.4 [4.7] versus 23.9 [5.3]; F(1,105) = 17.3, p < 

0.001). Internal validity was also excellent when participants with gambling disorder or 

substance use disorder were excluded (Cronbach’s alpha = 0.85).

The CHI-T had good convergent validity, with total scores correlating significantly with 

gambling disorder symptoms (SCI-PG total scores; Spearman’s rho = 0.42, p < 0.001), and 

with obsessive-compulsive symptoms (Padua total scores; rho = 0.33, p<0.001). CHI-T total 

scores were also significantly elevated in participants who had a current substance use 

disorder versus those who did not (mean [SD] total score 30.0 [2.8] versus 24.1 [5.5]; 

F(1,107) = 13.2, p < 0.001).

Total scores on the CHI-T correlated significantly with less risk adjustment on the 

Cambridge Gamble Task (rho = 0.26, p = 0.006), but not significantly with quality of 

decision-making (rho = -0.18, p = 0.067). The correlation between total CHI-T scores and 

overall proportion bet on the CGT was marginally significant, but would not have withstood 

statistical correction (rho = 0.21, p = 0.03).

Total CHI-T scores did not correlate significantly with impulsivity on the Stop-signal task 

(rho = 0.02, p = 0.85), nor with executive planning on the Stockings of Cambridge Task (rho 

= -0.12, p = 0.22).

All statistically significant results reported above remained significant with Bonferroni 

correction for the number of statistical tests undertaken, except for proportion of points bet 

on the Cambridge Gamble test.

At the request of a peer reviewer we also conducted the above analyses without excluding 

the three individuals with extreme CHI-T total scores. The profile of significant results was 

unchanged, including the convergent validity, and cognitive findings.

Secondary analysis

Factor analysis yielded an optimal two-factor solution, with eigenvalues of 2.87 and of 1.08 

(both p < 0.001 by Chi-square). The cumulative percentage of covariance accounted for was 

46%. Results of rotated factor analysis in terms of loadings are shown in Figure 2. Factor 1 

was related to getting stuck, addictive personality, failure to resist urges, doing things 

immediately rewarding even though detrimental, perfectionism, avoiding situations one 

cannot predict/control, and needing to be the best with new hobbies. Factor 2 was related to 

hating to leave tasks unfinished, being comfortable when things are done ‘just right’, 

repetition of tasks until they are done to the highest standards, having high standards in 

general, parents teaching there is always scope for improvement, and feeling soothed when 

things are made complete/finished.

Discussion

Compulsivity, or the tendency towards repetitive habitual actions that an individual feels 

driven to perform, is evident across a range of mental health disorders including gambling 

disorder, substance use disorder, and OCD. While rating scales exist for compulsive 
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symptoms within a given disorder, there is a paucity of trans-diagnostic rating scales of the 

broader construct of compulsivity. Here we developed and piloted a new scale, the 

Cambridge-Chicago Compulsivity Trait Scale (CHI-T), in a normative sample of adult 

participants recruited from the general community.

The scale was quick for participants to complete – typically taking less than 3 minutes – and 

yet the items covered a broad range of compulsive tendencies. Total scores of the CHI-T 

were normally distributed and had few outliers, and we found good concordance for the 

scale against three types of compulsive symptoms: disordered gambling, obsessive-

compulsive, and maladaptive substance use. These three types of compulsive 

symptomatology were evaluated using gold-standard instruments6–9. Elevated scores on the 

scale were associated with functional impairment, as expected. In all, these findings, along 

with excellent internal validity, support the use of this scale in academic and clinical 

settings.

From a neuropsychological perspective, the hypothesis that CHI-T scores would be related 

to decision-making impairment was partially confirmed. In particular, total scores on the 

CHI-T correlated strongly with inflexible responding on the Cambridge Gamble task. This 

may suggest that difficulty modulating or adapting decisions bears a particularly strong 

relationship with compulsivity. There was evidence that CHI-T total scores correlated 

weakly with the two other Gamble task measures (quality of decision-making and 

proportion of points gambled) in the expected direction, but these findings were not 

significant with Bonferroni correction. This may reflect compulsivity being particularly 

strongly related to a rigid or inflexible response profile even as the likelihood of reward 

changes. Whereas compulsivity appears less related to making irrational color choices on the 

task, which can be seen as being more impulsive in nature; and less related to the overall 

proportion of points gambled, which may reflect more of a risk-taking aspect of decision-

making.

No significant correlations were found between CHI-T total scores and the other cognitive 

measures, including response inhibition and executive planning, highlighting the divergent 

validity of the scale from a cognitive perspective.

In a preliminary factor analysis, there was evidence to support the existence of two latent 

factors. We regard this factor analysis as preliminary in view of the relatively large ratio of 

number of scale items to the sample size. The dominant factor related to various aspects of 

compulsivity but especially reward-seeking and failure to resist urges; whereas the second 

factor related more to anxiolytic or ‘soothing’ aspects of compulsivity such as being 

comfortable when things are done ‘just right’, and completion leading to a sense of calm or 

soothing.

Several limitations should be considered in relation to this study. This initial pilot work 

focused on a normative, community-dwelling sample. This was important because trans-

diagnostic markers need to be measurable not just in mental disorders, but also in a 

dimensional or continuous fashion in the background population2,20. Nonetheless, the 

validity of the scale for categorical disorders of compulsivity merits scrutiny in future work, 
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including in the context of treatment trials. Because there are no prior accepted trans-

diagnostic scales for compulsivity, the development of the CHI-T items by necessity relied 

on professional opinion rather than screening and selection of items from other scales. 

However, the scale items were designed to encompass a broad range of aspects germane to 

compulsivity, and strong correlations were found across the scale items, indicating that they 

reflect this common construct of compulsivity. Future work should recruit larger samples so 

that more definitive factor analysis can be conducted. We did not evaluate the scale across all 

cognitive domains that may be relevant for compulsivity – for example, we did not quantify 

habit learning21. While our scale was designed to measure compulsivity, some items may 

also reflect impulsivity (e.g. having an ‘addictive’ personality, doing immediately rewarding 

acts, or acting on urges). Indeed, we believe rewarding elements of habits are central to the 

concept of compulsivity, as suggested by the preliminary factor analysis reported herein. 

Overlap is inevitable because these two constructs are positively correlated even at the 

conceptual (latent factor) level20. Nonetheless, all items showed high concordance by 

Cronbach’s alpha; and the three items above correlated significantly with compulsive 

symptomatology (Padua inventory and/or number of disordered gambling criteria endorsed). 

Future work could examine the items on the scale that best differentiate compulsivity from 

impulsivity. There were too few participants with mood or anxiety disorders to assess the 

discriminant validity of CHI-T against these disorders, nor did we include scales of these 

symptoms. Here it should be noted that compulsive symptoms can lead to depression and 

anxiety, so one would not necessarily expect these symptoms to be unrelated to 

compulsivity. Finally, it would be valuable in future work to measure the CHI-T in the 

context of other psychiatric symptom domains not considered here including impulse control 

disorders (hair pulling disorder, compulsive stealing), disorders listed by DSM-5 as being in 

need of further study notably internet use disorder / internet gaming disorder22, and 

personality disorders (notably obsessive-compulsive personality disorder).

Conclusion

In summary, the CHI-T is a convenient fifteen-item scale designed to capture broad day-to-

day aspects of compulsivity without focusing on highly specific symptom domains. Future 

work should evaluate the utility of this scale as a screening and severity tool for compulsive 

disorders, and its ability to measure change over time (such as during treatment of 

compulsive symptoms).
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Figure 1. 
Distribution plot for CHI-T total scores. Left: histogram; middle: box-plot; right: normal 

quantile plot. Data were normally distributed with three outliers.
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Figure 2. 
Loading of scale items onto two latent factors from rotation analysis. Factor 1 related to 

general aspects of compulsivity especially reward-seeking and failure to resist. Factor 2 

related to aspects of compulsivity germane to anxiety reduction and self-soothing.
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Table 1

Demographic and clinical characteristics of the sample.

Variable Mean (SD)

Age, years 23.3 (3.6)

Gender, N [%] male 63 [56.3%]

Education level 3.8 (0.8)

Presence of substance use disorder, yes, N [%] 12 [11.0%]

Padua obsessive-compulsive symptoms (total score) 11.3 (13.8)

Gambling Disorder symptoms (SCI-GD total score) 0.9 (1.8)
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