
Background
Short, accurate, rapidly completed psychomet-
ric tests are in high demand in psychiatry. 
While researchers often try not to overburden 
their patients, they nevertheless want to meas-
ure as many variables as possible [1-3]. Time is 
not the only issue. Patients can be exposed to 
inadequate items (e.g., items that are too easy 
or too hard to respond to or items that refer to 
symptoms that are either too mild or too se-
vere compared to the patient’s condition). An 
experienced clinician will do much better than 

a psychometric test, because they use their ex-
pertise and patients’ previous answers to select 
the optimal next question and they naturally 
avoid unnecessary questions [4]. Standardised 
pen and paper tests are not usually this flexible 
and are mostly administered linearly. Such as-
sessments can tire, demotivate or even shock 
patients, which could eventually prejudice the 
assessment’s validity [5].

Shortened tests, although highly desirable, 
may demonstrate poorer reliability and lower 
sensitivity. Indeed, in classical test theory, there 

is a monotonic relationship between the num-
ber of items and the reliability of the test’s total 
score [6]. In research contexts, when conclu-
sions are made at the interindividual level, this 
may still be acceptable. When comparing two 
large groups of individuals, for instance, ran-
dom errors tend to cancel each other out. Using 
structural equation modelling it is possible, un-
der certain conditions, to account for measure-
ment errors and create latent variables with 
perfect reliability. However, because they are 
based on interindividual variations, drawing 
conclusions is only possible at the group level.

Mental health professionals face a different 
challenge in clinical contexts. They must make 
decisions based on one individual score and 
each score comes with a level of uncertainty: the 
standard error of measurement (SEM), which is 
usually represented using confidence intervals. 
Confidence interval ranges are inversely pro-
portional to the test score’s reliability. With a 
poor reliability test score the range of possible 
values for the true score can rapidly become too 
broad to enable reliable clinical decisions (e.g., a 
patient’s IQ measured between 65 and 135). 
Thus, although a poor measurement scale may 
sometimes be sufficient to test different hypoth-
eses at the group level, the same tool may be 
useless for making decisions at the individual or 
clinical level. In the worst-case scenario, infer-
ence at the group level will also be demonstrat-
ed in the form of reduced statistical power and 
an increased rate of type II errors.

Computerised adaptive testing (CAT) can 
provide an elegant solution to this important 
time versus accuracy trade-off. CAT is based 
on the item response theory (IRT), which at-
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Abstract

Background: Short, accurate, rapidly completed psychometric tests are in high demand in psy-
chiatry. Time is always limited. Researchers often try not to overburden patients included in 
studies measuring many variables. However, shorter psychometric tests may demonstrate poorer 
reliability or lower sensitivity. Computerised adaptive testing (CAT) could be a solution to this im-
portant trade-off.
Aim: This study aimed to evaluate whether the Paradox of Self-Stigma scale (PaSS-24), a pen 
and paper test evaluating three dimensions of self-stigma, could be transformed into a comput-
erised adaptive test to reduce the number of items administered.
Method: The PaSS-24 items were calibrated using the item response theory. A Monte-Carlo simu-
lation was performed to evaluate the number of items needed to ensure the same test reliability as 
the initial scale. We simulated 50,000 participants with various levels of self-stigma.
Results: Results showed that two of PaSS-24’s three subscales could be substantially shortened 
while maintaining similar reliability. The correlations between simulated and estimated scores were 
close to unity, indicating that the CAT did not sacrifice accuracy for brevity.
Conclusions: Simulated data suggested that shortened psychometric CAT could achieve similar 
reliability to the initial PaSS-24 despite the latter already being brief. CAT provides an opportunity 
to give in to the pressure of using short scales in psychiatry without compromising on reliability 
and accuracy.
Keywords: Psychiatric assessment; Item Response Theory; computerised adaptive testing; 
selfstigma; reliability
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tempts to describe or explain the relationships 
between psychological traits, that are not di-
rectly observable (latent variables) and pa-
tients’ test responses (manifest variables). Item 
responses are considered the observable mani-
festation of these latent traits. An important 
characteristic of the IRT is, that individuals 
and items are located along the same unidi-
mensional continuum [7]. IRT assumes, that 
the latent trait of interest is continuous. An 
item’s role is to help differentiate between dif-
ferent respondents located at different places 
along this continuum. The patient’s response 
reduces the uncertainty about their precise lo-
cation along the continuum. The model de-
scribes the relationship between the ability to 
endorse or give the correct response to an item 
(or the position along the latent trait continu-
um, which we will subsequently call the theta) 
and the probability of doing so (fig. 1).

A great variety of item response models 
exists and a detailed description of them is be-
yond the present study’s scope. The simplest 
IRT model is the one-parameter model (usu-
ally referred to as the Rasch model), which de-
picts the relationship between the theta and 
the response probabilities to items using a se-
ries of logit regression lines with identical 

slopes [7]. The slope is also called the discrimi-
nation parameter, whereas the locations of the 
slopes along the continuum refer to an item’s 
difficulty or severity parameters. Using the 
pattern of responses and item parameters, it is 
possible to estimate the respondent’s theta 
score and thus approximate its location along 
the latent continuum. IRT is considered one of 
the best methods not only to select items, but 

also to accurately understand the relationship 
between patients’ probability of responses and 
their position on the latent variable of interest. 
IRT also makes it possible to accommodate 
different item formats (dichotomous or Likert-
type) in a statistically appropriate way without 
discarding information.

CAT is based on the same principles rely-
ing on the items’ parameters (that form an 
item bank). The difference is that with CAT, 
the test will not be based on all the items [8], 
but will be tailored using the responses to three 
important questions (9): 1) How do we choose 
an item to start the test? 2) How do we choose 
the next item to be administered after having 
seen the patient’s response to the current one? 
and 3) How do we know when to stop the as-
sessment? (fig. 2).

Several criteria are involved when choos-
ing the first item. At each step, the CAT proce-
dure will try to select the item that will provide 
the greatest gain in information compared to 
what we already have. This rationale is also 
valid for selecting the first item. As the theta 
distribution is known, its mean can be used as 
an initial guess. Once we have the answer to 
the first item, estimation of the theta (interim 
estimation) can be updated and the SEM can 
be estimated. If this standard error has reached 
an acceptable threshold, or we have adminis-
tered a predefined number of items, the proce-
dure can be stopped. If this stopping rule has 
not been reached, the next best item to maxim-
ise the information gathered over and above 
what we already know will be selected. Given 
the patient’s response, we will update the theta 
and estimate the SEM again. When the stop-
ping rule is finally reached, the test is stopped 
and the final theta and SEM are estimated. This 
procedure closely mimics the approach taken 
by experienced clinicians. Questions do not 
follow each other in a fixed order; instead, the 

Figure 1: Item characteristic curve describing the relationship between the respondent’s ability 
(theta) and the probability of a correct response. 

Figure 2: Computerised adaptive testing (CAT) procedure. 
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next question is selected using all the informa-
tion gathered from responses to previous 
questions. Unnecessary questions are avoided. 
Every question is supposed to be a “good ques-
tion” in the sense that it maximises the increase 
in knowledge. When the required level of pre-
cision is reached, the interview is stopped.

Historically, CAT was predominantly used 
in ability or personality testing, but in recent 
years its use in clinical contexts has been en-
couraged. Cooperative projects such as the Pa-
tient-Reported Outcomes Measurement Infor-
mation System (PROMIS) [10], funded by the 
National Institutes of Health of the United 
States, have revealed the shift to implementing 
CAT in mental health facilities [1, 3, 4, 11, 12]. 
CAT has been used successfully in mental 
health contexts several times: Gibbons and col-
leagues developed two CAT measures - one for 
general anxiety disorder and one for depression 
- to be used for screening patients in primary 
care settings [13, 14]; Simms and colleagues 
created an adaptive measure for personality 
disorder traits [15]; Forbey and colleagues de-
signed an adaptive version of the Minnesota 
Multiphasic Personality Inventory-2 (MMPI-
2) to identify psychological difficulties in mili-
tary veterans [16] and Moore and colleagues 
developed a CAT version of the Schizotypal 
Personality Questionnaire (SPQ) [17]. CAT re-
quires a digital device (smartphone, tablet or 
computer) and, thankfully, open-source, online 
adaptive testing platforms, such as Concerto, 
are freely available [18]. Given the move toward 
CAT in psychiatry, the present study aimed to 
assess whether the Paradox of Self-Stigma scale 
(PaSS-24), an existing pen and paper test evalu-
ating three dimensions of self-stigma, could be 
transformed into a shorter yet equally reliable 
computerised adaptive test.

Methods
Measures
The Paradox of Self-Stigma Scale
The PaSS-24 is a short but psychometrically 
robust tool designed in collaboration with 
patients to measure self-stigma and related 
constructs in French. PaSS-24’s theoretical 
framework is aligned with Corrigan’s social-
cognitive model of internalised stigma and puts 
an emphasis on paradoxical empowerment [19-
21]. Another important prerequisite in the de-
sign of PaSS-24 was to create a tool, that could 
be applied across different groups of stigmatised 
persons (defined as any attribute that could be 
viewed as different from the norm such as gen-
der, sexual orientation, race, religion, mental or 
physical health). Using focus groups involving 
mental health professionals and people living 
with mental illness, a total of 72 items were ini-

tially developed to measure various aspects of 
self-stigma. PaSS-24’s final version used 24 
items answered on a five point Likert scale: 1 = 
strongly disagree, 2 = disagree, 3 = neutral, 4 = 
agree and 5 = strongly agree. Items were divided 
over three eight-item subscales (stereotype en-
dorsement, non-disclosure and righteous an-
ger). This version was evaluated on a sample of 
psychiatric patients during their hospitalisation 
in different psychiatric hospitals or residential 
psychiatric facilities and then cross-validated 
on an independent sample. PaSS-24 demon-
strated good internal validity. Internal consist-
ency, test–retest reliability and convergent va-
lidity estimates were also good [22].

The free online adaptive version of the 
PaSS-24 is available for clinicians or research-
ers at the following address: https://adaptest.
ch/test/pass24.

Procedure
PaSS-24’s items were calibrated using the data 
from the validation study [22]. Next, to simu-
late the CAT procedure, estimated item pa-
rameters were introduced into Firestar soft-
ware version 1.3.2 [23].

Firestar is software designed to simulate 
CAT with polytomous items. It allows to per-
form Monte-Carlo simulations and provides 
various item selection procedures, stopping 
rules and theta estimators as well as an array of 
output files for secondary analyses [23]. Be-
cause our item responses used Likert scales, a 
graded response model was selected. A large 
number of participants (50,000) were simulat-
ed to achieve accurate estimates under reason-
able computing time. It is important to note 
that the number of participants on which the 
initial validation study was performed (N=202) 
is not related to the length of the adaptive pro-
cedure and only influences the accuracy of the 
item parameters estimation. The simulated the-
tas were sampled from a normal distribution 
with a mean of 0 and a standard deviation of 1, 
which corresponds to the level and dispersion 
of the original sample. Minimum and maxi-
mum thetas ranged between minus and plus 
four with increments of 0.05. The maximum 
number of items to administer was set to eight 
and the minimum was two. Each subscale’s 
stopping rule was set to a standard error corre-
sponding exactly to the reliability of the pen 
and paper version of the PaSS-24: 0.810 for the 
stereotype endorsement subscale, 0.832 for the 
rightful anger subscale and 0.879 for the non-
disclosure subscale [22]. The first item of each 
subscale was selected using the prior mean. In-
terim theta estimations were made using Ex-
pected A Posteriori estimations. The next items 
were selected using the Fisher maximum infor-
mation method.

Statistical Analysis
PaSS-24 items were calibrated using the Multi-
dimensional Item Response Theory package 
for R software (version 4.1.1) and a graded re-
sponse model for the validation study data 
[22]. During the Firestar simulation, we re-
corded the minimum, maximum, mean and 
median numbers of items administered before 
the stopping procedure. Pearson correlations 
were estimated between simulated and esti-
mated thetas and the mean reliability was 
based on the final standard errors.

Results
Items descriptions and parameters are present-
ed in table 1.

A mean of 5.017 items (SD=1.908) was ad-
ministered for the eight-item stereotype en-
dorsement subscale, with the number of items 
needed varying between two and eight. The 
median number of items was four. Average re-
liability was 0.813 and the correlation between 
the simulated and estimated thetas was close to 
unity (r=0.980).

A mean of 6.679 items (SD=1.684) was ad-
ministered for the eight-item rightful anger 
subscale, with the number of items needed 
varying between three and eight. The median 
number of items was eight. Average reliability 
was 0.782 and the correlation between the sim-
ulated and estimated thetas was close to unity 
(r=0.991).

A mean of 5.245 items (SD=2.503) was ad-
ministered for the eight-item non-disclosure 
subscale, with the number of items needed 
varying between three and eight. The median 
number of items was five. Average reliability 
was 0.853 and the correlation between the sim-
ulated and estimated thetas was close to unity 
(r=0.989).

Discussion
This study aimed to evaluate whether the 
PaSS-24, an existing pen and paper scale eval-
uating three dimensions of self-stigma, could 
be transformed into a computerised adaptive 
test. Our goal was to reduce the number of 
items administered while maintaining a simi-
lar level of reliability. Results showed that two 
out of the three scales could be substantially 
shortened. Correlations between the simulated 
and estimated scores were close to unity, indi-
cating that estimated scores closely matched 
the simulated true scores and that CAT did not 
sacrifice accuracy for brevity.

These results suggest that a substantial re-
duction in the number of items necessary for 
psychometric tests can be achieved using CAT. 
This is even more remarkable as the initial sub-
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scales were already very short (eight items) 
and demonstrated high reliability, putting our 
study in a rather challenging context. We, 
therefore, hypothesise that our results may be 
rather conservative and that greater gains 
could be achieved on longer scales.

The rightful anger subscale could only be 
shortened for some of the simulated partici-

pants, shown by the median number of eight 
items administered. The mean value neverthe-
less suggested that shortening the test was some-
times possible and sometimes only three items 
were required. This subscale’s reliability was 
slightly lesser than that of the complete original 
subscale [22]. Given that the stopping rules 
matched the reliability of the original subscale, 

less reliable evaluations always happened when 
all eight items were administered. This suggests 
that this subscale’s reliability was probably 
slightly overestimated during the validation 
study. In this situation, the stopping rule acts as a 
safeguard against unreliable assessments. In an 
unfavourable scenario all the items are adminis-
tered. Although this means that no time is saved 

Table 1: English language version of the PaSS-24 scale items and its parameters using the graded response model

Item Scale* a b1 b2 b3 b4

  1 People with my condition are less useful to society. SE 1.705 -1.168 .181 .901 2.111

  2 The restricted rights of people with my condition is scandalous. RA 1.045 -2.615 -.880 .147 1.547

  3 Because of people’s ignorance about my condition, I do not 
speak to anybody about the problems linked to it.

ND 1.577 -1.376 -.086 .339 1.235

4 I tell myself, “What is the point of struggling to have the same 
rights?” 

SE 1.599 -.515 .375 .738 1.860

  5 I am really fed up with preconceived ideas about my condition. RA 1.723 -2.090 -1.171 -.403 .918

  6 Because of people’s preconceptions, I do not speak to anybody 
about the problems linked to my condition.

ND 1.943 -1.308 -.144 .428 1.245

  7 People with my condition should be banned from certain jobs. SE 1.145 -.984 .004 .560 2.279

  8 The public’s lack of knowledge about my condition outrages me. RA 1.853 -2.135 -1.238 -.317 .909

  9 To stop myself from getting into trouble, I avoid situations where 
my condition might be revealed.

ND 1.779 -1.816 -.817 -.070 .971

10 Why bother making any effort when I am inferior to others? SE 2.314 -.177 .738 1.108 1.789

11 The lack of accurate information about my condition is scandal-
ous.

RA 1.577 -2.249 -1.299 -.594 .958

12 I use strategies to avoid talking about my condition. ND 2.383 -1.302 -.476 -.048 .986

13 People with my condition should not be allowed to carry out 
certain activities.

SE 2.560 -.371 .431 .958 1.457

14 The stereotypes about my condition make me angry. RA 2.419 -1.957 -1.063 -.471 .615

15 To avoid being discriminated against, I use strategies not to have 
to talk about my condition.

ND 4.168 -1.355 -.522 -.057 .855

16 People with my condition will never have a happy life. SE 1.115 -.942 .495 .945 2.484

17 The media’s lack of knowledge about my condition is appalling. RA 1.765 -2.131 -1.033 -.248 .947

18 To avoid disagreeable remarks, I use strategies not to have to talk 
about my condition.

ND 3.353 -1.214 -.506 -.139 .878

19 People with my condition should stay among themselves. SE 1.554 -.673 .249 .727 1.588

20 I am angry about the way my condition is caricatured on televi-
sion.

RA 1.313 -2.077 -1.088 .013 1.075

21 To avoid any prejudice, I choose who I talk to about my condition. ND 1.506 -1.981 -1.350 -.812 .773

22 I have come to terms with the idea that I will never be able to 
have a satisfying social life.

SE 2.073 .212 1.344 1.658 2.366

23 Certain people’s attitudes towards my condition appal me. RA 2.311 -2.042 -1.220 -.665 .583

24 I do not reveal my condition to anybody to avoid being judged. ND 2.166 -1.205 -.094 .290 1.137

Note. Scale*: SE = Stereotype endorsement / RA = Righteous anger / ND = Non-disclosure.
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in this situation, reliability is still guaranteed to 
be close to that of the original scale.

Despite these positive results, our study 
suffers from some limitations. First, this was a 
simulation study. In the real world, patients 
could select answers that are not always per-
fectly coherent with their true score. In con-
trast, the simulation process always selects an 
answer which is coherent with the simulated 
participant’s theta and this may lead to a some-
what accelerated convergence toward a reliable 
score. Monte-Carlo simulations are a powerful 
tool to optimise or accelerate certain aspects of 
test development, but the results obtained 
from simulation should always be compared 
with those based on real participant data. Ad-
ditionally, because the reliability of the test 
scores in the original study was estimated in a 
different framework than adaptive testing, the 
exact proportion of test length reduction may 
be imprecise.

Second, we had no direct feedback from 
real participants. Therefore, it was difficult to 
assess the extent to which shorter assessments 
or non-exposure to inadequate or unnecessary 
items were viewed positively by psychiatric pa-
tients. To the best of our knowledge, few ob-
servational studies of patients’ acceptance of 
CAT have been made [5, 24, 25], although they 
did suggest positive patient experiences. This 
should be examined explicitly in future stud-
ies. We nevertheless have no reason to believe 
that patients might view shorter assessments 
negatively as the authors have often encoun-
tered feedback during previous studies indi-
cating that patients were tired or found ques-
tionnaires to be too long. Third, other concepts 
of self-stigma may be of interest to practition-
ers. This is the reason we will work on other 
adaptive tests in the future.

Conclusion
When the time required to complete a psycho-
metric questionnaire constitutes a barrier to 
effective clinical evaluation, mental health pro-
fessionals should have access to shorter but 
equally accurate tests. Efforts to modernise test 
engineering using CAT models make it possi-
ble to increase the comfort of testing for pa-
tients without altering data quality. In the pre-
sent study, the shortened psychometric CAT 
demonstrated similar reliability to the initial 
PaSS-24 in a sample of simulated participants. 
Shorter assessment subscales appeared possi-
ble, demonstrating similar reliability to the 
original test, even though its initial scales were 
already very short. It is important to exercise 
caution in interpreting these results as they 
were mainly not obtained from real participant 
data. However, CAT is a promising opportu-

nity to give in to the pressure to use shorter, 
less burdensome scales without compromising 
reliability and accuracy.
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