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A B S T R A C T   

Introduction: The Cognitive Distortions Questionnaire (CD-Quest) is a self-report questionnaire that assesses 
common cognitive distortions. Although the CD-Quest has excellent psychometric properties, its length may limit 
its use. 
Methods: We attempted to develop short-forms of the CD-Quest using RiskSLIM – a machine learning method to 
build short-form scales that can be scored by hand. Each short-form was fit to maximize concordance with the 
total CD-Quest score for a specified number of items based on an objective function, in this case R2, by selecting 
an optimal subset of items and an optimal set of small integer weights. The models were trained in a sample of US 
undergraduate students (N = 906). We then validated each short-form on five independent samples: two samples 
of undergraduate students in Brazil (Ns = 182, 183); patients with depression in Brazil (N = 62); patients with 
social anxiety disorder in the US (N = 198); and psychiatric outpatients in Turkey (N = 269). 
Results: A 9-item short-form with integer scoring was created that reproduced the total 15-item CD-Quest score in 
all validation samples with excellent accuracy (R2 = 90.4-93.6%). A 5-item ultra-short-form had good accuracy 
(R2 = 78.2-85.5%). 
Discussion: A 9-item short-form and a 5-item ultra-short-form of the CD-Quest both reproduced full CD-Quest 
scores with excellent to good accuracy. These shorter versions of the full CD-Quest could facilitate measure
ment of cognitive distortions for users with limited time and resources.   

1. Introduction 

Cognitive distortions are erroneous, irrational, or exaggerated ways 
of thinking that are thought to play a key role in the development and 
persistence of many mental disorders. In Beck’s (1976) cognitive theory 
of depression, which informs modern cognitive behavioral therapy 
(CBT), cognitive distortions are seen as stemming from rigidly-held 
beliefs about the self, world, and future. As a result of these cognitive 
distortions, some individuals are predisposed to experience negative 

automatic thoughts, which subsequently induce pathological emotional 
and behavioral outcomes. Beck’s therapy teaches individuals to identify 
their cognitive distortions and challenge their negative automatic 
thoughts. 

Several self-report scales have been developed to assess overall 
burden of cognitive distortions, including the Cognitive Error Ques
tionnaire – General Form (CEQ; Lefebvre, 1981), the Inventory of 
Cognitive Distortions (ICD; Yurica, 2002), the Cognitive Distortions 
Scale (CDS; Covin et al., 2011), and the Cognitive Distortions 
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Questionnaire (CD-Quest; de Oliveira et al., 2015a). Of these scales, the 
one with the strongest psychometric evidence is the CD-Quest. The 
CD-Quest assesses frequency and intensity of 15 common cognitive 
distortions. The scale has been found to exhibit very good psychometric 
properties in both undergraduate student samples (de Oliveira et al., 
2015; Kostoglou & Pidgeon, 2016; Morrison et al., 2015; Qian et al., 
2020) and clinical samples (Batmaz et al., 2015; Kaplan et al., 2017) as 
well as to have good sensitivity to change and predictive validity (Butler 
et al., 2021; Hemanny et al., 2019). These results have led to the 
CD-Quest being widely used in clinical settings for measurement-based 
care. 

The CD-Quest is a complex and time-consuming scale in that it begins 
by presenting users with an orientating introductory statement of over 
300 words and then asks users to make ratings of 15 separate statements 
regarding their cognitive distortions in a 9-cell cross-classification of the 
extent to which the statement is believed (3 categories of a little [up to 
30%], much [31% to 70%], very much [more than 70%]) by the frequency 
of the distortion’s occurrence (3 categories of occasionally [1-2 days 
during the past week], much of the time [3-5 days during the past week], 
almost all of the time [6-7 days during the past week]). In addition to the 
complexity of the rating task itself, ambiguity is introduced by the use of 
double-barreled response options (e.g., 5 minutes every day over the 
past week would not be almost all of the time but it would be 6-7 days 
during the past week). Despite these complexities, though, the methodo
logical studies cited above show that the scale has demonstrated good 
internal consistency and predictive validity. 

One important disadvantage of the CD-Quest that limits its applica
bility in practice is its length: on average, it takes a participant 7 to 10 
minutes to complete the full 15-item CD-Quest. This length may be 
prohibitive in a variety of contexts, such as when it is part of a battery 
that assesses a wide range of constructs, when it is administered 
repeatedly during an experiment with repeated measures, or in clinical 
settings. 

1.1. Present study 

We conducted a secondary analysis of previous CD-Quest datasets to 
develop and validate short-form models designed to reproduce the CD- 
Quest total score while: (1) using the responses from a smaller number 
of items (i.e., to reduce the amount of time required to administer the 
CD-Quest); and (2) assign small integer weights to each response (i.e., to 
ensure that the CD-Quest total score could still be computed by hand). 
Although these are common requirements for psychometric scales, there 
is no standard methodology to develop short-form scales with small 
integer weights. Existing scales are often developed by combining 
standard statistical methods with heuristics for rounding and variable 
selection (e.g., logistic regression with forward selection and unit 
weighting). We instead used a machine learning method called Risk
SLIM (Risk-Calibrated Supersparse Linear Integer Model; Ustun & 
Rudin, 2019) to develop an optimal short-form of the CD-Quest. Risk
SLIM uses modern optimization techniques to fit short-form models that 
perform well under operational constraints related to usability and 
interpretability – e.g., requiring models to use small integer weights for 
ease of hand scoring, assign positive or negative weights to variables, or 
to use a limited number of variables (e.g., Struck et al., 2017; Ustun 
et al., 2017; Zuromski et al., 2019). 

Using RiskSLIM, we fit short-form models that could reproduce the 
total CD-quest score while using limited number of questions and 
assigning small integer weights to each response. We fit short-form 
models using data from a large sample of undergraduates in the US 
and evaluated their performance using data from five independent 
samples: two from undergraduates in Brazil, one from patients with 
depression in Brazil, one from patients with social anxiety disorder 
(SAD) in the US, and one from a mixed sample of psychiatric outpatients 
in Turkey. 

2. Method 

2.1. Participants and procedures 

Archival data were used from six independent samples. A sample of 
906 undergraduates was used as the training sample in which alterna
tive short-form models were developed. We then tested model perfor
mance in reproducing total CD-Quest scores in the other samples. We 
focused on participants with no missing quantitative data (i.e., fre
quency and intensity ratings) on the CD-Quest (combined N = 1,800), 
given that 94.3% of the participants in the training sample and 82.7- 
100% in the test samples had complete data across all 15 items. From the 
full sample (N = 1,895), 49 (2.6%) were missing one item, 9 (0.5%) were 
missing two items, 10 (0.5%) were missing between 3-14 items, and 27 
(1.4%) were missing all 15 items. The number of participants per sample 
excluded due to missing CD-Quest data is reported below. The propor
tion of participants excluded varied by sample, χ2(df = 5, N = 1,895) =
46.92, p <.001, with three samples missing more than expected (Sam
ples 1 (undergraduates in the US), 3 (undergraduates in Brazil), and 4 
(depressed patients in Brazil)), two missing fewer than expected (Sam
ples 2 (undergraduates in Brazil) and 6 (psychiatric outpatients in 
Turkey)), and one missing as many as expected (Sample 5 (SAD patients 
in US)). However, missingness did not vary with age, Kruskal-Wallace H 
(1) = 1.61, p =.21, or sex, χ2(df = 1, N = 1,895) = 0.41, p =.52. 

2.1.1. Sample 1: Undergraduates in the US 
Initial fit of the short-form models was assessed in a sample of 906 

undergraduates from Temple University, a large, urban, public univer
sity in the US previously reported in Morrison et al. (2015). We focused 
on participants with complete data, excluding 55 participants (5.7% of 
the full N = 961 sample) who were missing data on one or more items of 
the CD-Quest. Participants were students enrolled in a psychology 
course (64.8% female; Mage = 20.7, SD = 3.7, range = 18-60). Partici
pants were compensated with course credit. Participation was 
completed online. First, participants provided informed consent. Then 
they completed a demographics questionnaire, followed by the 
CD-Quest. An additional 10 questionnaires were next administered but 
not analyzed in the current study. The study was approved by the IRB of 
Temple University. 

2.1.2. Sample 2: Undergraduates in Brazil 
The first of the validation samples comprised 182 Brazilian under

graduate medical and psychology students previously reported in de 
Oliveira et al. (2015a), again focusing on participants with complete 
data. Two participants (1.1% of the full N = 184 sample) were missing 
data on one item of the CD-Quest and were excluded from analysis. A 
majority of the participants were female (67.2%), and age was typical 
for a Brazilian college student sample (Mage = 21.8, SD = 3.4, range =
17-40). Participants provided informed consent, completed the CD- 
Quest and other questionnaires not analyzed here in their classrooms 
and then completed the questionnaires again 2-3 weeks later for retest 
analysis. Participants were not compensated. The study was approved 
by the IRB of the University Hospital at Federal University of Bahia. 

2.1.3. Sample 3: Undergraduates in Brazil 
The second validation sample consisted of an as-yet unpublished 

sample of 183 undergraduate students from the Federal University of 
Bahia, a public university, and from Ruy Barbosa College, a private 
university (Seixas et al., 2022). We again focused on students who 
provided complete data and we excluded 14 participants (7.1% of the 
full N = 197 sample) who were missing data on one or more items of the 
CD-Quest. Students were mostly enrolled in a course in human sciences 
or biological sciences, with a few enrolled in other courses and one 
student not reporting. The sample was predominantly female (75.7%), 
and mean age was in the mid-twenties (Mage = 25.4, SD = 8.8, range =
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16-62). Participation occurred in classrooms, with participants first 
providing informed consent followed by completing a battery of ques
tionnaires including the CD-Quest. Compensation was not provided to 
participants. The study was approved by the IRB of the Federal Uni
versity of Bahia. 

2.1.4. Sample 4: Depressed patients in Brazil 
The third validation sample included 62 patients with depression 

participating and providing complete CD-Quest data in the randomized 
controlled trial comparing trial-based cognitive therapy, behavioral 
activation, and treatment-as-usual previously reported by Hemanny 
et al. (2019). We excluded 13 participants (17.3% of the full N = 75 
sample) who were missing data on one or more items of the CD-Quest, 
with 10 of these participants missing all 15 items. Participants were 
majority female (61.0%) and older on average than the college student 
samples (Mage = 39.5, SD = 11.0, range = 16-60). Participants were 
recruited through mental health outpatient clinics, residency programs 
in psychiatry, and advertisements on the radio, newspapers, and the 
internet. Screening for the trial was conducted by a trained evaluator. 
Participants were eligible if they met the following criteria: current 
treatment with antidepressant medication for at least two months, age 
18 to 60 years, diagnosis of major depressive disorder (MDD) according 
to DSM-IV (American Psychiatric Association [APA], 1994) or ICD-10 
(World Health Organization, 2004) as assessed with the Mini Interna
tional Neuropsychiatric Interview (MINI-plus; Amorim, 2000; Lecrubier 
et al., 1997). Further, eligible participants had to score higher than 15 on 
the Hamilton Depression Rating Scale (Hamilton, 1960) or higher than 
20 on the Beck Depression Inventory (Beck et al., 1961; Cunha, 2001). 
Participants were ineligible if they endorsed any of the following: cur
rent use of mood stabilizing drugs; current participation in psycho
therapy; high risk of suicide (according to the MINI-plus); diagnosis of 
bipolar disorder, psychotic disorders, or current substance abuse or 
dependence. Prior to screening, participants provided informed consent. 
Once deemed eligible, participants were randomized to one of two 
psychotherapy treatments (trial-based cognitive therapy or behavioral 
activation) or treatment-as-usual for the 12-week duration of the 
intervention. Participants randomized to treatment-as-usual could have 
their antidepressant monotherapy treatment modified at the discretion 
of their psychiatrists, whereas participants randomized to the psycho
therapy treatments continued to use medication but were not to have 
their medication doses increased. Data were collected at baseline 
(pre-treatment), 6 weeks after starting treatment (mid-treatment), and 
12 weeks after starting treatment (post-treatment). Only 
baseline/pre-treatment data were analyzed in the current study. In 
addition to completing the CD-Quest, participants completed the 
semi-structured diagnostic interview mentioned previously and other 
measures to evaluate treatment outcome not analyzed here. The study 
was approved by the IRB of the Health Sciences Institute at Federal 
University of Bahia. Participants were not compensated beyond 
receiving therapy as part of the randomized controlled trial. 

2.1.5. Sample 5: Patients with SAD in the US 
The fourth validation sample was comprised of 198 patients with a 

primary diagnosis of SAD who provided complete data on the CD-Quest. 
We excluded 11 participants (5.3% of the full N = 209 sample) who were 
missing data on one or more items of the CD-Quest. These patients came 
from two independent samples detailed below. A slight majority of 
participants were male (53.2%; Mage = 30.2, SD = 8.8, range = 18-64). 

Seventy-eight of these patients were individuals seeking treatment 
for SAD at the Adult Anxiety Clinic of Temple University. Patients were 
eligible for the open trial of individual CBT for SAD if they had a primary 
diagnosis of generalized SAD according to DSM-IV or a primary diag
nosis of SAD according to DSM-5 (APA, 2013). Exclusion criteria 
included the following: history of thought disorder, alcohol or substance 
dependence within the last six months, high risk of suicide, or current 
psychotherapy. Patients were permitted to have co-primary diagnoses, 

so long as the comorbid difficulties were deemed well enough under 
control to focus on treatment of SAD. Concurrent psychotropic treat
ment was also permitted, and patients were encouraged to maintain 
their current dosage through the open trial. Patients were initially 
screened by telephone. Then they completed an in-person appointment, 
during which they provided informed consent, then were administered a 
diagnostic interview with the Anxiety Disorders Interview Schedule for 
the DSM-IV – Lifetime version (ADIS-IV-L; Di Nardo et al., 1994) or the 
Anxiety and Related Disorders Interview Schedule for the DSM-5 – 
Lifetime version (ADIS-5L; Brown & Barlow, 2014) by a trained 
doctoral-level graduate student. Patients then completed pre-treatment 
assessments including the CD-Quest and other measures not analyzed 
here before they began an open trial of individual CBT. Therapy was 
provided on a sliding scale and patients were not provided any 
compensation for participating. The study was approved by the Temple 
University IRB. 

One hundred twenty of these patients were recruited to participate in 
a 3-arm randomized controlled trial comparing cognitive behavioral 
group therapy (CBGT) to mindfulness-based stress reduction (MBSR) 
and a waitlist control, originally reported in Goldin et al. (2016). In 
addition, psychometric properties of the full CD-Quest from these par
ticipants were reported in Kaplan et al. (2017). Patients were eligible for 
the trial if they (1) met DSM-IV criteria for a principal diagnosis of 
generalized SAD according to diagnostic interview with the ADIS-IV-L, 
(2) endorsed greater than moderate fear in 5 or more different social 
situations on the ADIS-IV-L, and (3) scored over 60 on the Liebowitz 
Social Anxiety Scale – Self-Report (LSAS-SR; Fresco et al., 2001; Liebo
witz, 1987). Exclusion criteria included the following: treatment with 
pharmacotherapy or psychotherapy in the past year; significant expe
rience with mindfulness (i.e., enrollment in any previous MBSR course, 
participation in any long-term meditation retreats, or history of regular 
meditation practice); participation in CBT for any anxiety disorder in the 
last 2 years; history of neurological disorders, cardiovascular disorders, 
thought disorders, eating disorders, or bipolar disorders; current sub
stance or alcohol abuse/dependence; major depressive episode in the 
previous month; current posttraumatic stress disorder or having weekly 
or daily flashbacks that interfered with functioning; or current 
co-primary obsessive-compulsive disorder or more than one hour of 
obsessive or compulsive symptoms each day that interfere with daily 
life. Patients were recruited through community listings and referrals 
from clinicians. They were initially screened online, followed by tele
phone interview, and then an in-person diagnostic assessment with the 
ADIS-IV-L. The CD-Quest and other self-report assessments were 
completed online thereafter, with the option to complete the question
naires in more than one sitting to reduce fatigue. Patients also completed 
a functional magnetic resonance imaging assessment and other behav
ioral tasks prior to randomization (n = 108) to 12 weeks of CBGT, MBSR, 
or waitlist. Therapy was provided free of charge and patients were not 
provided any additional compensation for participating in any baseline, 
mid-treatment, or post-treatment assessments. Follow-ups were con
ducted every three months post-treatment via online self-report ques
tionnaires. Modest financial compensation was provided for the 
12-month follow-up assessment which additionally included a behav
ioral assessment. The study was approved by the Stanford University 
IRB. 

2.1.6. Sample 6: Psychiatric outpatients in Turkey 
The fifth validation sample was comprised of 269 psychiatric out

patients presenting to three tertiary healthcare services in Ankara and 
Tokat, Turkey. There were no missing data on the CD-Quest in this 
sample. Psychometric properties of the full CD-Quest from these par
ticipants were previously reported in Batmaz et al. (2015). Participants 
were predominantly female (61.0%), with an average age in the 
mid-thirties (Mage = 36.4, SD = 12.5, range = 18-65). Participants 
predominantly presented for treatment with depressive and anxiety 
symptoms and were permitted to be taking psychotropic medications. 
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Exclusion criteria included the following: diagnosis with psychotic dis
orders, bipolar disorders, organic mental disorders, dementia, or intel
lectual disability; having an uncontrolled medical or neurological 
disorder unless mild in nature; high risk of suicide at time of intake 
interview; history of head trauma, recent brain surgery, or electrocon
vulsive therapy; or current participation in CBT. After providing 
informed consent and participating in a diagnostic interview with the 
MINI (Sheehan et al., 1998), participants completed the CD-Quest by 
paper-and-pencil, along with other self-report questionnaires not 
analyzed here. Participants were not provided compensation. The study 
was approved by the ethics committee of Tokat Gaziosmanpasa 
University. 

2.2. Cognitive Distortions Questionnaire 

The Cognitive Distortions Questionnaire (CD-Quest; de Oliveira, 
2014, 2015a) consists of pairs of questions about frequency and in
tensity of 15 common cognitive distortions over the past week. The item 
development procedure has been reported previously (see de Oliveira 
et al., 2015, and Morrison et al., 2015). The questionnaire begins by 
presenting instructions that include a brief definition of thoughts and 
thinking errors (i.e., cognitive distortions) followed by a vignette 
depicting one type of thinking error. The instructions explain how the 
person in the vignette should respond to the CD-Quest item on that 
cognitive distortion. After these instructions, the questionnaire presents 
the names and brief descriptions of 15 common cognitive distortions. 
Each description is followed by two illustrative thoughts/beliefs char
acterized by the cognitive distortion. For example, the second item is 
entitled “Fortune telling (also called catastrophizing)” and is described 
with the statement, “I predict the future in negative terms and believe 
that what will happen will be so awful that I will not be able to stand it.” 
The two illustrative thoughts/beliefs are, “I will fail and this will be 
unbearable” and “I’ll be so upset that I won’t be able to concentrate for 
the exam.” The respondent is then asked to enter their own example of a 
thought/belief characterized by this cognitive distortion and then to rate 
the frequency and intensity of their belief in this distortion over the past 
week. Response options for each distortion are presented in a table with 
4 columns and 3 rows. The columns contain 4 response options that 
include one indicating that the cognitive distortion did not occur during 
the previous week and the other 3 indicating frequency of occurrence: 
occasional (1-2 days during the past week), much of the time (3-5 days 
during the past week), and almost all of the time (6-7 days during the 
past week). The rows contain response options for intensity, with the 
prompt “I believed it…” and the response options: a little (up to 30%), 
much (31% to 70%), or very much (more than 70%). For distortions that 
do not occur in the previous week, there is no intensity rating. The 
cross-classification of frequency-intensity for each of the 15 cognitive 
distortions is scored on a 0-5 response scale where 0 indicates that the 
distortion did not occur and scores of 1-5 are created by subtracting 1 
from the sum of scores across rows and columns, where frequency and 
intensity are both coded in the range 1-3. The CD-Quest produces total 
scores for frequency (0-45), intensity (0-45), and the composite (0-75). 
We did not use write-in responses in the current analyses. The full 
CD-Quest is presented in Appendix A. 

In Samples 1 and 5, the English version of the CD-Quest was used. In 
Samples 2, 3, and 4, the Brazilian Portuguese version was used. In 
Sample 6, a Turkish version was used. The English and Brazilian Por
tuguese versions were constructed at the same time by the fifth author (I. 
R.O.) (de Oliveira,2014, 2015a, 2015b). The Turkish version, developed 
by Batmaz et al. (2015) was first translated from English by that study’s 
first author (S.B.), then the translated scale was back-translated by two 
bilingual experts in the field, and all translations were compared with 
the original English version of the scale. After reviewing the original and 
translated versions, a final consensus version was adopted. 

2.3. Model development 

2.3.1. Data processing 
We were interested in determining how well CD-Quest total com

posite scores could be reproduced by reducing the number of items (i.e., 
cognitive distortions) included in the scale. We fit short-form models 
using the data from Sample 1 and then used the remaining samples to 
determine the validity of these short-form models. We chose Sample 1 as 
the training sample because it contained the largest number of re
spondents. Our decision to train the model using data collected in a 
single study as opposed to using a training sample selected from all 
studies was meant to avoid the risk of combining data from potentially 
heterogenous sources and introducing dependence between the training 
sample and the test samples. A significant benefit of this decision was 
that the short-forms developed in the training sample could be validated 
in multiple distinct data sets to examine generalizability of the short- 
forms. 

To ensure that a short-form model would extract as much informa
tion as possible from responses to the short-form questions, we con
verted the 0-5 composite response score for each of the 15 cognitive 
distortions (CDs) into a set of 5 nested 0-1 binary threshold variables of 
the form: Variable CDj1 was coded 1 if the 0-5 composite score for CDj ≥
1 and was otherwise coded 0; Variable CDj2 was coded 1 if the 0-5 
composite score for CDj ≥ 2 and was otherwise coded 0; Variable 
CDj3 was coded 1 if the 0-5 composite score for CDj ≥ 3 and was 
otherwise coded 0; Variable CDj4 was coded 1 if the 0-5 composite score 
for CDj ≥ 4 and was otherwise coded 0; and Variable CDj5 was coded 1 if 
the 0-5 composite score for CDj = 5 and was otherwise coded 0. Thus, 
our final dataset included the original CD-Quest total composite score 
along with 75 input variables: 5 nested 0-1 binary threshold variables for 
each of 15 items. 

2.3.2. Model estimation 
RiskSLIM1 is a procedure for estimating constrained optimal pre

diction models according to some objective outcome criterion with 
constraints imposed on the number of predictors included in the model 
and allowing patterned constraints to be imposed both on these pre
dictors (in our case, allowing either all 5 or none of the 5 variables 
representing a single item to be included in the model) and on their 
slopes (in our cases, requiring slopes to be whole numbers in the range 0- 
5). We fit each short-form model to optimize the mean-squared error 
between individual-level predicted score and the original total com
posite score. This represents a minor departure from prior uses of 
RiskSLIM, in which optimal short-form models were used to predict 
probabilities on yes-no dichotomous outcomes by optimizing likelihoods 
under the logistic distribution rather than minimizing mean-squared 
error, but in both cases the same techniques are used to optimize 
convex loss functions (Ustun & Rudin, 2019). For the sake of clarity, we 
report model performance in terms of R2 as a standardized value of 
mean-squared error, where R2 = 0% means that the RiskSLIM model is 
unrelated to the observed original CD-Quest score and R2 = 100.0% 
means that the RiskSLIM score can perfectly reproduce CD-Quest scores. 
We fit short-form models for between 4 to 9 items, deciding a priori to 
stop at 9 items based on our aim of developing a significantly shorter 
version. 

3. Results 

3.1. Overall model fit 

The R2 for the short-form models in the training sample ranged be
tween 80.2% for the 4-item model and 91.7% for the 9-item model. The 

1 Python code for RiskSLIM is publicly available at https://github.com/ 
ustunb/risk-slim 
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models exhibited excellent generalization across the test samples, with 
R2 close to those in the training sample (Table 1). The exception is the 4- 
item model in Sample 4 (patients with depression in Brazil), for which 
R2 is notably lower than in the other samples. However, this discrepancy 
disappears in the 5-item model and does not reappear in the 6- to 9-item 
models. The strong generalizability of results across the test samples is 
striking given the differences across samples in demographics, nation
ality, language, and severity of psychopathology. 

Prediction accuracy of composite total CD-Quest scores can also be 
seen by graphing the association between observed (X axis) and pre
dicted (Y axis) composite CD-Quest scores for each of the models within 
samples (Supplemental Figures 1-6). The most striking change is seen in 
Sample 4, for which R2 = 63.7% for the 4-item model, 78.2% for the 5- 
item model, and up to 90.9% for the 9-item model (Table 1). The 4-item 
model had relatively low prediction accuracy for CD-Quest total scores 
between 0-20 and underestimated higher total scores. With the 5-item 
model and higher, prediction accuracy in the lower range improved 
and underestimation in the higher range reduced. Inspection of com
parable plots for the other models and samples shows that all RiskSLIM 
models, even though based on small numbers of CDs, have generally 
very good estimation. 

Two aspects of these results are especially noteworthy. First, part- 
whole reliability is typically assessed, similar to split-half reliability, 
with the correlation between the part and the whole rather than by R2. 
This means that the reliability of the short-form scales relative to the 
total scale in the test samples averaged between.90 for the 5-item ultra- 
short form and.96 for the 9-item short-form. Second, we would expect 
these part-whole measures to become very large as the number of items 
in the short-form scales approaches the number in the full scale, as the 
content is increasingly overlapping. This makes the.90 average reli
ability of the 5-item ultra-short form relative to the full scale especially 
impressive given that these scales have only one-third of their items in 
common. 

3.2. RiskSLIM item selection and scoring 

Table 2 presents the cognitive distortions selected in each RiskSLIM 
model. CD8 (Mind reading) and CD11 (Should statements) were selected 
by RiskSLIM in all models. CD10 (Personalization) was selected in all but 
the 9-item model, CD9 (Overgeneralization) in the 3 models with the 
fewest CDs, CD6 (Magnification/minimization) in the models with in
termediate numbers of CDs, and CDs 14 and 15 (What if? and Unfair 
comparisons) in the models with the highest numbers of CDs. The only 
CD not selected by RiskSLIM in any model was CD12 (Jumping to 
conclusions). 

Indices of overall model fit and inspection of plots suggest that short- 
form models reproduce the full CD-Quest scores with good (5-item ultra- 
short-form) to excellent (9-item short-form) accuracy. As a short-form of 

the CD-Quest, we recommend the 9-item model (CD-Quest-S9), which 
has an R2 of 91.7% in the training sample and 90.4% – 93.6% in the test 
samples. As an ultra-short form of the CD-Quest, we recommend the 5- 
item model (CD-Quest-S5), which has an R2 of 83.7% in the training 
sample and 78.2% – 85.5% in the test samples. In Appendices B and C, 
we present these short forms with the RiskSLIM weights for reproducing 
the estimated CD-Quest total score embedded within the response table 
for each item, which matches the formatting of the original CD-Quest 
and may ease the burden of hand-scoring. 

The full set of RiskSLIM weights used for scoring the various short- 
form models are provided in Supplemental Table 1. Weights are pro
vided for each nested variable dichotomy. For example, for scoring the 
item “Discounting the positive” in the 9-item model, a composite 
response of 4 would be scored as 6 (i.e., looking at Supplemental Table 1 
shows us the points for each threshold dichotomy as follows: 4 is greater 
than 1 (2 points), greater than 2 (2 points), greater than 3 (2 points), 
equal to 4 (0 points), not greater than 5 (no points)). Similar scoring 
based on the weights provided in the table would be done for the 
remaining 8 items in the 9-item model and then these 9 scores should be 
summed together with the offset value for the model (i.e., 1 for the 9- 
item model) to provide the total estimated composite score of the full 
CD-Quest. 

4. Discussion 

Within cognitive behavioral approaches, cognitive distortions are 
viewed as playing a central role in the development, maintenance, and 
treatment of many mental disorders. Therefore, reliable and valid 
assessment of cognitive distortions is of great importance. Nevertheless, 
few measures have been designed for this purpose, and only one such 
measure, the CD-Quest (de Oliveira et al., 2015), has undergone sig
nificant psychometric evaluation. Given evidence of the strong psy
chometric properties of the CD-Quest, we sought to develop short forms 
of the CD-Quest to further enable its use by researchers and clinicians 
who may be limited in time and resources. This is important because the 
full scale takes 7-10 minutes to complete. The 5-item ultra-short form 
developed here reduces the number of items in the original 15-item scale 
by two-thirds and cuts administration time to 3.5-5 minutes while 
retaining.90 reliability relative to the full scale. The 9-item short-form 
developed here, in comparison, reduces the number of items by 40% 
and cuts administration time to 5.5-7 minutes while retaining.96 reli
ability relative to the full scale. 

We developed and externally validated various short-form models of 
the CD-Quest using RiskSLIM (Ustun & Rudin, 2019), a 
machine-learning approach that optimized the prediction of the full 
CD-Quest total score with respect to R2 based on fewer items and with 

Table 1 
R2 of RiskSLIM Models Reproducing CD-Quest Total Composite Scores in the 
Training Sample and Test Samples.   

Number of items/CDs in the Model  

4 5 6 7 8 9 N 

Sample 1 (training) 80.2 83.7 85.7 89.4 90.7 91.7 906 
Sample 2 76.1 82.5 81.2 82.0 84.8 90.4 182 
Sample 3 76.0 79.5 87.4 89.7 89.5 90.8 183 
Sample 4 63.7 78.2 85.5 87.4 90.0 90.9 62 
Sample 5 78.1 82.3 86.6 86.1 89.3 93.0 198 
Sample 6 83.6 85.5 90.3 90.8 91.3 93.6 269 

Note. CD = cognitive distortion; Sample 1 = undergraduates in US; Samples 2 
and 3 = undergraduates in Brazil; Sample 4 = patients with depression in Brazil; 
Sample 5 = patients with social anxiety disorder in US; Sample 6 = psychiatric 
outpatients in Turkey. Standard deviations of R2 for true score values in the 
range here are between approximately 5.0 for a sample of 62 and less than 2.0 
for a sample of 906 (Cramer, 1987). 

Table 2 
The CD-Quest Cognitive Distortions included in the RiskSLIM models.   

Number of items/CDs in the Model 

CD 4 5 6 7 8 9 

1 Dichotomous thinking    X X  
2 Fortune telling   X    
3 Discounting the positive      X 
4 Emotional reasoning      X 
5 Labeling      X 
6 Magnification/minimization  X X X X  
7 Selective abstraction      X 
8 Mind reading X X X X X X 
9 Overgeneralization X X X   X 
10 Personalization X X X X X  
11 Should statements X X X X X X 
12 Jumping to conclusions       
13 Blaming   X  X  
14 What if?    X X X 
15 Unfair comparisons    X X X 

Note. CD = cognitive distortion. 
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small integer weights. The short forms were first fit in a US under
graduate sample (N = 906) and then validated in five separate and 
demographically distinct samples, including two samples of under
graduate students in Brazil (Ns = 182 & 183), a sample of patients with 
depression in Brazil (N = 62), a sample of patients with SAD in the US (N 
= 198), and a sample of psychiatric outpatients in Turkey (N = 269). 
This kind of external validation in diverse independent samples is 
recognized as superior to either cross-validation in a training sample or 
comparison of training and test subsamples in a single large develop
ment sample (König et al., 2007; Youngstrom et al., 2018). 

Model fit for the various short-form models, ranging from 4 to 9 of 
the original 15 CD-Quest items, was good-to-excellent both in the 
training sample and in all five validation samples, with one exception: 
the 4-item ultra-short form model did not generalize well to the sample 
of patients with depression in Brazil (R2 = 63.7%). However, fit 
improved significantly even in that sample for the 5-item model (R2 =

78.2%), with fit in this and the other validation samples (R2 = 78.2% – 
85.5%) similar to that in the training sample (R2 = 83.7%). Model fit 
continued to improve in all samples in models with more items, up to the 
9-item model which showed excellent fit in all samples (R2 = 90.4% - 
93.6%). Therefore, we recommend the 9-item model as a short-form of 
the CD-Quest (CD-Quest-S9) and the 5-item model as an ultra-short form 
of the CD-Quest (CD-Quest-S5). We estimate the short forms to save 3 to 
5 minutes in administration time, which is significant for an original 
scale that takes approximately 10 minutes to complete. 

One unique benefit of using RiskSLIM to develop short forms of the 
CD-Quest is that it provides integer weights assigned to each response of 
the short form, which enables the user to easily compute a predicted CD- 
Quest total score by hand. This calculated total score can then be 
compared to total scores on the full CD-Quest to track therapy progress 
or to compare across research samples. In Appendices B and C, we 
provided the CD-Quest-S9 and CD-Quest-S5 with integer weights inte
grated into the questionnaires to ease the process of hand-scoring and in 
Supplemental Table 1, we provided the integer weights for all tested 
short-form models. Hand scoring has potential value for purposes of 
facilitating quick clinical decisions if the CD-Quest is used for precision 
treatment planning. However, the use of integer weights constrains the 
ability to optimize fit, which means that when scoring can be comput
erized it might be better to use computer adaptive testing (CAT) 
methods based on item response theory to develop an optimal short- 
form scale. 

The current study had several strengths, including the large and 
diverse samples and the consistency of model fit across these samples. 
Importantly, the samples differed in clinical status (as well as clinical 
diagnosis across the clinical samples), geographic region, and language, 
thus providing strong evidence of generalizability. In addition, there 
were several limitations. First, the use of R2 as the objective function to 
be optimized in developing the short-form and ultra-short form might be 
suboptimal, especially if a clinical decision is needed that requires 
determination of whether a patient is above or below a given threshold 
on the full CD-Quest. If the latter is the case, a more useful approach 
would be to use item response theory or a modification of RiskSLIM that 
attempts to minimize classification error, perhaps with a weight for a 
higher importance of false negatives than false positives, using a logistic 
link function to predict the dichotomous outcome based on the total 
score and optimizing an objective function such as AUC. 

Second, psychometric properties of the recommended short forms 
were not evaluated. However, it is important to recognize that the 
optimization scheme trades off internal consistency for predictive val
idity by selecting the minimally redundant items, making it uninfor
mative to use a conventional assessment of internal consistency when 
evaluating psychometric properties. 

Third, although there were both nonclinical and clinical samples in 
the current study, it could be argued that all participants were relatively 
high in education and/or socioeconomic status, and may also have had 
relatively high levels of conscientiousness. Specifically, nonclinical 

samples were comprised of only college students and clinical samples 
were comprised of only treatment-seeking individuals with primary 
anxiety and/or depression. Research is needed to evaluate whether the 
strong psychometric properties of the CD-Quest generalize to in
dividuals lower in education and/or socioeconomic status, or to in
dividuals with primary attention problems, impulsivity, or oppositional 
attitudes or behaviors. This is especially important given that the CD- 
Quest is a cognitively complex scale. 

Fourth, as is typical of research conducted in clinical samples, there 
were relatively stringent eligibility criteria for recruitment of partici
pants in the parent studies of our three clinical samples. Some of these 
criteria differed by sample (e.g., inclusion requirement of a primary 
diagnosis of MDD in the Brazil sample versus SAD in the US sample), but 
other criteria were uniform across the three samples and might exclude a 
meaningful subset of patients who seek CBT. Clinicians planning to use 
the CD-Quest or its short-forms should take this lack of evidence into 
consideration when drawing inferences about patients excluded from 
previous research, such as those with psychotic disorders, bipolar dis
orders, or acute suicidality. 

Finally, a small number (n = 95; 5.0%) of participants were excluded 
due to missing data on one or more items of the CD-Quest. Although age 
and sex were not associated with missingness, sample was, which sug
gests various possible explanations for missingness, such as differences 
in study administration or clinical severity. However, the pattern of 
missing data across our nonclinical versus clinical samples does not bear 
out the latter idea, since one clinical sample had more-than-expected 
missing data (Sample 4), another had as expected (Sample 5), and the 
third had the least missing data across all samples (Sample 6). Although 
results may have changed somewhat if we had used a different method 
to handle missing data, such as multiple imputation, we chose not to do 
so based on the low proportion of cases with any item-missing data and 
the fact that the associations of observed data with item missingness 
were modest. 

In sum, we used a machine-learning algorithm to test and validate 
various shortened versions of the 15-item CD-Quest. Across six large, 
diverse nonclinical and clinical samples, we found evidence of good-to- 
excellent model fit using 5- to 9-item short-forms of the CD-Quest with 
optimal integer scoring rules to reproduce the total score of the original 
CD-Quest. We therefore recommend a 9-item short version and 5-item 
ultra-short version of the CD-Quest to users who need an efficient tool 
to assess cognitive distortions. 
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