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Abstract

Objective: Time constraints limit the use of measurement-
based approaches in research and routine clinical manage-
ment of psychosis. Computerized adaptive testing (CAT)
can reduce administration time, thus increasing measure-
ment efficiency. This study aimed to develop and test the ca-
pacity of the CAT-Psychosis battery, both self-administered
and rater-administered, to measure the severity of psy-
chotic symptoms and discriminate psychosis from healthy
controls. Methods: An item bank was developed and cali-
brated. Two raters administered CAT-Psychosis for inter-
rater reliability (IRR). Subjects rated themselves and were
retested within 7 days for test-retest reliability. The Brief
Psychiatric Rating Scale (BPRS) was administered for
convergent validity and chart diagnosis, and the Structured
Clinical Interview (SCID) was used to test psychosis dis-
criminant validity. Results: Development and calibration
study included 649 psychotic patients. Simulations revealed
a correlation of r = .92 with the total 73-item bank score,
using an average of 12 items. Validation study included 160
additional patients and 40 healthy controls. CAT-Psychosis
showed convergent validity (clinician: » = 0.690; 95% confi-
dence interval [95% CI]: 0.610-0.757; self-report: r = .690;
95% CI: 0.609-0.756), IRR (intraclass correlation coeffi-
cient [ICC] = 0.733; 95% CI: 0.611-0.828), and test-retest
reliability (clinician ICC = 0.862; 95% CI: 0.767-0.922;
self-report ICC = 0.815; 95%CI: 0.741-0.871). CAT-
Psychosis could discriminate psychosis from healthy
controls (clinician: area under the receiver operating char-
acteristic curve [AUC] = 0.965, 95% CI: 0.945-0.984;
self-report AUC = 0.850, 95% CI: 0.807-0.894). The

median length of the clinician-administered assessment was
5 minutes (interquartile range [IQR]: 3:23-8:29 min) and 1
minute, 20 seconds (IQR: 0:57-2:09 min) for the self-re-
port. Conclusion: CAT-Psychosis can quickly and reliably
assess the severity of psychosis and discriminate psychotic
patients from healthy controls, creating an opportunity for
frequent remote assessment and patient/population-level
follow-up.

Key  words: schizophrenia/schizoaffective  disorder/

psychosis/bipolar disorder/testing

Introduction

Psychotic disorders rank among the most debilitating
disorders in all areas of medicine.! Clinical outcomes
for people with schizophrenia and other psychotic dis-
orders leave much to be desired,”> due to a complex
and multifactorial etiology® and pathophysiology.*
Furthermore, unlike other areas of medicine, psychi-
atry is highly dependent on patient/family reports to as-
sess the presence and severity of disease.’ Not only the
experience of a subjective event such as psychopath-
ological phenomena but also the recollection, report,
and interpretation by the rater of such an experience
can be subject to multiple biases.’Hence, achieving
further objectification has become a challenge and a
goal for evidence-based mental health research. While
measurement-based approaches are frequently used
in schizophrenia research, they are not widely used in
the routine clinical management. Time constraints and
lack of familiarity with and/or training in validated
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assessment tools limit their frequent clinical use.’
Unfortunately, the measurement of psychopathology
does not utilize many recent technological innovations
that could help increase its clinical application. So far,
the presence or severity of symptoms on a given assess-
ment tool is determined by a total score, which requires
that the same items be administered to all respondents.®
One alternative to traditional assessments is adaptive
testing, in which a person’s initial item responses are
used to determine a provisional estimate of his or her
standing on the measured trait, which is then used for
the selection of subsequent items,® allowing a precise
measurement while only requiring the administration
of a small subset of questions targeted to the person’s
specific severity or impairment level.” When computa-
tional algorithms automatically match questionnaire
takers with the most relevant questions for them, this
is called computerized adaptive testing (CAT). CAT re-
lies on item response theory (IRT),! which models the
relationship between a patient’s responses to a series
of items in terms of one or more latent variables that
the test was designed to measure.!' Hence, CAT auto-
matically selects the items which are the most informa-
tive for the candidate taking the assessment, increasing
measurement precision and efficiency, thus allowing as-
sessments to be considerably shorter than traditional,
fixed-length assessments.

Evidence suggests that one can create item banks
with a large item pool, a small relevant set of which can
be administered for a given individual with no or min-
imal loss of information, yielding a dramatic reduction
in patient and clinician burden while maintaining high
correlation with well-established symptom severity as-
sessments, as well as high sensitivity and specificity for
discriminating patients from healthy individuals.!"> CAT
tools can be, therefore, used as dimensional symptom se-
verity measures to inform stepped-based care and pro-
vide measurement-based care assessments not only in
the clinic and remotely but also potentially as first-stage
symptom screeners.'® However, such an assessment tool is
currently lacking in psychosis. Thus, this study aimed to
develop and calibrate a CAT-Psychosis assessment bat-
tery, both self-administered and rater-administered ver-
sions, and test its psychometric properties and capacity to
measure the severity of psychotic symptoms as well as to
discriminate patients from healthy controls.

Methods

Development

We developed the CAT-Psychosis scale using the general
methodology introduced by Gibbons and coworkers.!?
This methodology has 5 stages: (1) item bank develop-
ment, (2) calibration of the multidimensional IRT model
using complete data from a sample of subjects, (3) simu-
lated CAT from the complete item response patterns, (4)
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development of the live-CAT testing program, and (5)
validation. In this section, we describe the first 4 steps
used in this process.

Item Bank Development. The item bank was con-
structed from clinician-rated items on the Schedule for
Affective Disorders and Schizophrenia (SADS)," the
Scale for the Assessment of Positive Symptoms (SAPS),'®
the Brief Psychiatry Rating Scale (BPRS)," and the Scale
for the Assessment of Negative Symptoms (SANS).2
Items were classified into the positive, negative, disor-
ganized, and manic subdomains for analysis using the
bifactor IRT model.?"**> This yielded 144 items for which
existing clinician ratings were available for 649 subjects
(535 schizophrenia, 43 schizoaffective, 54 depression, and
17 mania) drawn from an independent sample from inpa-
tient and outpatient units treating psychotic disorders at
Case Western Reserve University. [tems were reworded to
make them appropriate for patient self-report in addition
to clinician administration.

Calibration. A full-information item bifactor model**
was fitted to the 144 items from the 649 subjects. The
bifactor model is the first confirmatory item factor anal-
ysis model and one of the first examples of a multidi-
mensional IRT (MIRT) model. All items load on the
primary dimension (which is the focus of the adaptive
test) and one subdomain (the subdomain from which the
item was drawn, which is determined in advance by clin-
icians). If the choice is not obvious, then different models
can be fitted to the data using different subdomain struc-
tures and model selection criteria (Bayesian Information
Criterion®) can be used to select the best-fitting structure.
Gibbons and Hedeker?' developed the bifactor model for
binary item response data, and Gibbons?* generalized it
for ordinal item response data. The bifactor model pro-
vides a parameter related to each item’s ability to discrim-
inate high and low levels of the underlying primary and
secondary latent variables and severity parameters for the
k-1 thresholds between the k ordinal response categories.
The bifactor model produces a score and uncertainty es-
timate on the primary dimension for each subject, that is
informed by items drawn from each of the subdomains.
Items with loadings on the primary dimension of <0.3
were removed due to lack of discrimination.

Computerized Adaptive Testing. Once we have cali-
brated the entire bank of items, we have estimates of
each items’ associated severity and we can adaptively
match the severity of the items to the severity of the
person. We do not know the severity of the person in
advance of testing, but we learn it as we adaptively ad-
minister items. Beginning with an item in the middle
of the severity distribution, we administer the item,
obtain a categorical response, estimate the person’s se-
verity and the uncertainty in that estimate, and select
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the next maximally informative item.!> This process
continues until the uncertainty falls below a predefined
threshold, in our case, 5 points on a 100-point scale.
The CAT has several tuning parameters,'> which we
select by simulating CAT from the complete response
patterns; 1200 simulations are conducted, and we se-
lect the tuning parameters that minimize the number of
items administered and maximize the correlation with
the total item bank score.

Development of the Live-CAT Testing Program. Once
the item bank has been calibrated and the CAT tuning
parameters have been selected, a graphical user inter-
face is developed and the CAT is added to a library of
CATs, the CAT-Mental Health** in a cloud computing
environment for a routine test administration on internet-
capable devices, such as smartphones, tablets, notebooks,
and computers. To accommodate literacy issues, audio is
added to the self-report questions. Audio can be muted
anytime during the administration. For the clinician
version, questions are drawn from the same item bank,
but the wording is adapted for a third person to rate.
Additionally, we developed an indexed semi-structured
script containing suggested optional wording to help in-
quire about the most common symptoms (supplementary
material 1). Due to the adaptive nature of the test, the
script was not designed as a structured guideline to follow
sequentially, but rather as a tool to assist the rater in gath-
ering information to rate the most common symptoms.

Validation

After the assessment tool was developed and cali-
brated, we designed a validation study in an inde-
pendent sample. To be considered for inclusion in the
validation study, patients had to be English-speaking,
18-80 years of age, and with a diagnosis of schizo-
phrenia, schizoaffective disorder, schizophreniform
disorder, delusional disorder or brief psychotic dis-
order, as well as bipolar disorder, major depressive
disorder, and healthy controls. Patients were recruited
from inpatient and outpatient units from The Zucker
Hillside Hospital, a large, private, non-for-profit semi-
urban, psychiatric hospital providing both tertiary and
routine care services that draws a representative racial/
ethnic and sociodemographic mixture of eligible pa-
tients. Healthy controls were referred from other active
research studies in our department. This investigation
was carried out in accordance with the Declaration
of Helsinki,® and all participants provided written
informed consent after reviewing of the procedures
as approved by the local Institutional Review Board
(IRB#180626). Participants who did not understand
English or were unable to sign informed consent, as well
as patients with an active substance use disorder, struc-
tural brain disease, or any serious, acute, or chronic

Development and Validation of the CAT-Psychosis

medical illnesses that could pose a danger to self and
others and could interfere with the patient’s ability to
comply with the study procedures, were excluded.
Basic demographic information, family history, current
treatment, and diagnoses assigned by the current clinical
treatment team were obtained from the patient and from
the medical record. The CAT-Psychosis battery was ad-
ministered using tablet computers with touch screens.
Patients rated themselves with the self-administered CAT-
Psychosis. Research staft were available to assist the par-
ticipants if they had difficulty answering the questions.

Psychometric Properties

Convergent validity of CAT-Psychosis, both for self and
rater-administered versions, were tested comparing severity
scores obtained with the CAT-Psychosis battery to the Brief
Psychosis Rating Scale in its anchored version (BPRS-A),?
a rater-administered 18-item scale ranging from 1 (“ab-
sent”) to 7 (“very severe”). Assessment order (BPRS first
vs CAT-Psychosis first) was assigned in an alternating
manner. To assess inter-rater reliability (IRR), subjects were
requested to be consecutively but independently assessed by
2 raters using the clinician version of the CAT-psychosis.
To assess test-retest reliability, both self-administered and
rater-administered versions of CAT-Psychosis were admin-
istered again within 1-7 days of the initial administration.
Psychosis discriminant validity was tested against chart
diagnosis and the Structured Clinical Interview (SCID),?
conducted by trained departmental raters at the time of
the CAT-Psychosis assessment, and validated in diagnostic
consensus conferences. SCID was not readministered if it
had been conducted during the previous 12 months.

Statistics

The bifactor IRT models were fitted with the POLYBIF
program that is freely available at www.healthstats.org.
Generalized linear mixed-effects regression models and
Pearson product-moment correlation coefficients were
used to examine associations between continuous meas-
ures (eg, CAT-Psychosis severity scores and the BPRS).
Intraclass correlation coefficients (ICCs) computed using
linear mixed-models were used to test for inter-rater and
test-retest reliability.?® Mixed-effects logistic regression
was used to estimate psychosis discrimination capacity
(lifetime ratings) and to estimate sensitivity, specificity,
and area under the receiver operating characteristic
(ROC) curve with 10-fold cross-validation. We also tested
the extent to which gender modified psychosis discrimi-
nation capacity. With a sample size of 160 schizophrenia
spectrum and mood disorder patients with psychotic
symptoms, we expected to have more than 8§0% power
(2-tailed o = .05) to determine a Pearson’s r of at least
0.22 for continuous scores and an AUC with 95% confi-
dence interval (CI) with a width of 10% assuming a null
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hypothesis value of AUC = (.8 and power of 80%. The
data were analyzed with SuperMix Version 2.1, Stata
Version 15.1, and JMP software v.14 (JMP, Version 14,
1989-2007). P-values lower than .05 were considered sta-
tistically significant.

Results

Development

Data from 649 subjects were used to calibrate the 144
items. Following the removal of items with poor discrim-
ination on the primary dimension, 73 items remained
(supplementary material 2). The bifactor model signifi-
cantly improved the fit over a unidimensional IRT alter-
native (chi-square = 2204, df = 73, P <.00001). Simulated
adaptive testing from the clinician ratings (n = 420 pa-
tients with <10% missing data) revealed that using an
average of 12 items per subject (range 3-21 items), we
maintained a correlation of r = .92 with the 73-item total
bank score.

Validation

In total, 200 subjects were enrolled in the validation
study and completed the assessment. Of those, 160
subjects were affected by a affective and non-affective
psychoses (n = 76 schizophrenia, n = 35 schizoaftective
disorder, n = 26 bipolar disorder, n = 11 major depres-
sive disorder, n = 7 psychosis not otherwise specified, and
n = 5 schizophreniform disorder) and 40 were healthy
controls. Consolidated Standards of Reporting Trials
(CONSORT)® flow diagram is available in figure 1.
Sociodemographic characteristics of the sample are de-
scribed in table 1.

Psychometric Properties

CAT-Psychosis showed convergent validity against total
BPRS scores for both clinician-administered (r = 0.690;
95% CI: 0.610-0.757; marginal maximum likelihood
Estimate [MMLE] = 0.057, standard error [SE] = 0.004, P
<.00001) and self-administered (r = .690; 95% CI: 0.609—
0.756; MMLE = 0.061, SE = 0.004, P < .00001) versions
(figure 2). We also found that CAT-Psychosis clinician
version and CAT-Psychosis self-rated version showed a
significant positive correlation (r = .594, 95% CI: 0.495,
0.667). CAT-Psychosis clinician version’s IRR was strong
(ICC = 0.733; 95% CI: 0.611-0.828), and test-retest reli-
ability was strong for both self-report (ICC = 0.815; 95%
CI: 0.741-0.871) and clinician (ICC = 0.862; 95% CI:
0.767-0.922) versions.

Psychosis Discrimination

The CAT-Psychosis clinician version was able to suc-
cessfully discriminate psychosis vs healthy controls
(area under the ROC curve [AUC] = 0.965, 95% CI:

Page 4 of 9

Potentially eligible
participants
n=393

Did not fulfill inclusion criteria
n=110

—

v

Eligible participants

n=282
Not consented n=80
-Subject declined n=59
— > -Subject too disorganized n=17
v -Subject does not speak English n=4
Consented
n=202
Withdrew consent before
— assessment

n=2

v

CAT-Psychosis assessment
n=200

—

Healthy Controls n=40

v

Psychosis n=160
-Schizophrenia n=76
-Schizoaffective d/o n=35
-Schizophreniform d/o n=5
-Psychosis NOS n=7
-Bipolar Disorder n=26
-Major Depressive Disorder n=11

Fig. 1. CONSORT diagram.

0.945-0.984; MMLE = 1.42, SE = 0.12, P < .00001),
with an effect size (total variance) of 2.23 SD units. The
CAT-Psychosis self-report version yielded similar results
(AUC = 0.850, 95% CI: 0.807-0.894; MMLE = 1.28,
SE =0.16, P <.00001), with an effect size (total variance)
of 1.60 SD units (figure 3). We conducted an additional
analysis including only patients with a SCID (n = 79),
showing similar results despite the smaller sample size.
CAT-Psychosis clinician version was able to successfully
discriminate psychosis vs healthy controls (AUC = 0.968,
95% CI: 0.943-0.993; MMLE = 1.33, SE = 0.103, P <
.00001), with an effect size (total variance) of 2.522 SD
units. The CAT-Psychosis self-report version yielded
similar results (AUC = 0.796, 95% CI: 0.730-0.862;
MMLE = 1.125, SE = 0.157, P < .00001), with an ef-
fect size (total variance) of 1.535 SD units. Males and fe-
males showed no significant differences (CAT-Psychosis
by gender interaction: clinician Odds Ratio (OR) = 1.43,
95% CI: 0.52, 3.94, P < 48; self-report OR = 1.11, 95%
CI: 0.02, 55.65, P = .93).

Testing Times and Number of Items

The median length of assessment was 5 minutes and 2
seconds (interquartile range [IQR]: 3:23—8:29 min) for
the clinician-administered version. Since we used a script
that includes a brief introduction (supplementary mate-
rial 1), an additional 3-8 minutes were used before the

0202 J8quisAoN 0L uo 1senb AqQ #1.9196G/89 1 EgS/INQYIS/SE0 | "0 | /I0p/ajoiie-aoueApe/una|ngeluaiydoziyos/woo-dno-olwspeoe//:sdiy wolj pepeojumoq


http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa168#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa168#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaa168#supplementary-data

Table 1. Sociodemographic Characteristics of the Validation Sample
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Total Psychosis Healthy Controls
(n=200) (n=160) (n = 40) P-value
Age; median (Q1, Q3) 30 (25;42.8) 30 (24:42) 31.5(27,45.8) .1908
Sex .0458
Male, n (%) 113 (56.5) 96 (60.0) 17 (42.5)
Female, n (%) 87 (43.5) 64 (40.0) 23 (57.5)
Race .5484
White, n(%) 62 (31.0) 48 (30.0) 14 (35.0)
Black/African American, n (%) 71 (35.5) 60 (37.5) 11 (27.5)
Asian, n (%) 34 (17.0) 25 (15.6) 9(22.5)
Mixed/Other, 1 (%) 33 (16.5) 27 (16.9) 6 (15.0)
Marital status .0610
Single, n (%) 152 (76.0) 123 (76.9) 29 (72.5)
Married, n (%) 23 (11.5) 15(9.4) 8(20.0)
Divorced/separated, n (%) 8 (4.0) 53.1) 3(7.5)
Widowed, n (%) 3(1.5) 3(1.9) 0(0)
Unknown/unreported, 7 (%) 14 (7.0) 14 (8.8) 0(0)
Adopted 1658
Yes, n (%) 8 (4.0) 7 (4.4) 1(2.5)
No, 1 (%) 180 (90.0) 141 (88.1) 39 (97.5)
Unknown/unreported, n (%) 12 (6.0) 12 (7.5) 0(0)
English as a primary language .1639
Yes, n (%) 161 (80.5) 128 (80.0) 33 (82.5)
No, 1 (%) 27 (13.5) 20 (12.5) 7(17.5)
Unknown/unreported, n (%) 12 (6.0) 12 (7.5) 0(0)
Education level <.0001
Less than high school, n (%) 15(7.5) 15(9.4) 0(0)
High school diploma, n (%) 37 (18.5) 34 (21.3) 3(7.5)
Some college/Associate’s, n (%) 50 (25.0) 41 (25.6) 9(22.5)
College graduate, n (%) 49 (24.5) 40 (25.0) 9(22.5)
Doctorate/PhD, n (%) 11(5.5) 10 (25.0) 1 (0.6)
Unknown/unreported, 7 (%) 21 (10.5) 21 (13.1) 0(0)
Current occupation <.0001
Homemaker/unemployed, n (%) 97 (48.5) 92 (57.5) 5(12.5)
Unskilled employment, n (%) 53 (26.5) 40 (25.0) 13 (32.5)
Skilled employment, 7 (%) 26 (13.0) 5@3.1) 21 (52.5)
Unknown/unreported, n (%) 24 (12.0) 23 (14.4) 1(2.5)

Note: N, number; %, percentage; Q1, first quartile; Q3, third quartile.

computerized assessment started. The median length of
assessment of the self-administered CAT-Psychosis was
1 minute and 20 seconds (IQR: 0:57—2:09 min). The
median number of questions needed to elicit a valid se-
verity rating using the clinician-administered version was
12 (IQR: 8-15 items), same as for the patient self-report
version (IQR: 8-13). Table 2 presents an example of a
CAT-Psychosis self-assessment in a patient with severe
psychotic symptoms and an example of a CAT-Psychosis
rater-administered assessment in a patient with moderate
psychotic symptoms.

Discussion

We demonstrate that the CAT-Psychosis battery, not only
in its rater-assessed but also, notably, in its self-report ver-
sion, can accurately measure the severity of psychosis in
less than 2 minutes, in the case of the self-administered
version, or 5 minutes, in the case of the rater-assessed

version. Further, CAT-Psychosis can discriminate psy-
chotic patients from healthy controls.

A fundamental advantage of the rater version of the
CAT-Psychosis battery is the rapid administration time.
Since questions are tailored to every patient and the test
is dynamically modified based on the answers provided,
the time of administration is dramatically reduced. To
our knowledge, there are currently no available assess-
ment tools that can reliably allow a rater to measure the
severity of psychotic symptoms in such a brief admin-
istration time. Some tools, such as the 4-item Negative
Symptom Assessment (NSA-4),% a brief version of the
NSA-16, a validated tool for evaluating negative symp-
toms in schizophrenia,’! as well as the Brief Negative
Symptom Scale (BNSS)?*? lasting about 15 minutes, have
proven to be quick and reliable, but they are limited to
negative symptoms. When positive symptoms are in-
cluded in the assessment, administration time and rater
and patient burden increase substantially. The most
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Fig. 2. Predicted probability of diagnosis based on severity
score for clinician-assessed (above) and self-assessed (below)
CAT-Psychosis. Pr(dx), probability of a positive diagnosis; dx,
Diagnosis of psychosis.

commonly used rater-based assessment tools, such as
the Positive and Negative Syndrome Scale (PANSS), the
SAPS, or the BPRS, require a variable but significant
amount of time to complete, ranging from 20 to 50 min-
utes.!31%3334 Recently, a valid and scalable 6-item version
of the PANSS was developed,® but it appears to require
the guidance of the Simplified Negative and Positive
Symptom Interview (SNAPSI) a 15-to-25-minute struc-
tured interview?® that, despite significantly optimizing the
30-item PANSS, may still not be rapid enough for routine
clinical use. CAT-Psychosis rater-assessed version, how-
ever, generates a quick assessment that could facilitate
routine screening and measurement of psychotic symp-
toms and whose potential integration with electronic
health records would allow its widespread use in main-
stream clinical care, thus generating reliable, real-world
data at a scale that is currently not imaginable, while
aiming to keep clinician burden to a minimum.

Unlike in other areas of mental health, self-report
measures in psychosis are rare, and their use in normal
clinical care is unusual,’” probably due to concerns that
self-report questionnaires may not be appropriate for

Page 6 of 9

Area under ROC curve = 0.8567

0.50
1 - Specificity

0.75

1.00

Fig. 3. Receiver operating characteristic (ROC) curve for
clinician-assessed (above) and self-assessed (below) CAT-
Psychosis, with estimated area under the curve. The 45-degree
line represents an chance association between the continuous test
score and the binary psychosis diagnosis.

evaluating psychotic disorders because of a risk of min-
imization and/or denial of symptoms due to stigma and/
or impaired awareness of the illness.**** However, the ad-
vantages of self-assessments over rater-based evaluations
could be substantial, as assessments are not limited to
the availability of highly trained interviewers, eliminating
interviewer bias and reducing costs, thus enhancing
scalability.

In a context of greater availability of digital tools and
devices that allow collecting information from patients re-
motely and repeatedly, the need for valid, rapid, reliable,
and easy-to-administer self-report tools for psychosis is
greater than ever. Some self-reports for psychosis have
been made available,** either circumscribed to a specific
area of evaluation, such as hallucinations,* apathy,* and
negative symptoms,** or smartphone based,* all of which
rely on traditional scoring systems. Unfortunately, the re-
peated administration of fixed-length, identical tests in
short time spans may lead to response bias, limiting the
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Table 2. Examples of CAT-Psychosis Administrations

Development and Validation of the CAT-Psychosis

Severity

Questions Replies Score Precision
(A) CAT-Psychosis self-assessment

I feel that I am a particularly important person or that I have special powers or abilities. Not at all 41.5 14.7

I feel that I have committed a crime or have done some terrible things and deserve Sometimes 53.5 12.3

punishment.

I feel emotionally withdrawn, lack spontaneity, and am isolated from others. Rarely 52.2 12.0

I have trouble communicating with others. Always 81.2 7.2

I am having trouble concentrating on this interview. Not at all 77.8 6.8

I am confused, disconnected, disorganized, and/or disrupted. Rarely 73.6 6.2

I say things that are unrelated to each other, for example, “I'm tired. All people have Sometimes 73.4 5.7

eyes.”

When I speak, my ideas slip off track into unrelated topics. Always 79.4 4.9
(B) CAT-Psychosis rater-assessment

Claims power, knowledge or identity beyond the bounds of credibility. Absent 41.5 14.7

Severity of delusions of any type—consider conviction in delusion, preoccupation, and Mild 39.3 12.4

effect on her actions.

Lack of spontaneous interaction, isolation, deficiency in relating to others. Moderate 43.0 12.0

Extent to which the patient’s ability to communicate is affected. Mild 53.2 6.4

This rating should assess the patient’s overall lack of concentration, clinically and on Questionable 51.1 6.5

tests.

Thought processes confused, disconnected, disorganized, disrupted. Mild 51.1 6.5

Repeatedly saying things in juxtaposition, which lack a readily understandable Mild 53.2 6.1

relationship (eg, “I'm tired; all people have eyes”).

The patient appears uninvolved or unengaged. She may seem “spacey.” Moderate 55.4 5.6

A pattern of speech in which conclusions are reached that do not follow logically. Mild 58.5 5.0

Note: (A) shows a self-administered test for a patient with severe psychotic symptoms (category = severe, severity = 79.4, and preci-
sion = 4.9). (B) shows a rater-administered test for a patient with moderate psychotic symptoms (category = moderate, severity = 58.5,
and precision = 5.0). In both cases, the CAT terminated when the uncertainty was at or below 5 points on the 100-point scale.

ability of such a test to be used regularly in longitudinal
studies. CAT-Psychosis, however, produces a tailored set
of questions at each administration, allowing for frequent
and even remote longitudinal monitoring of symptom se-
verity, which could have very relevant implications in the
field of mental health research, shortening assessments
significantly, minimizing patient burden, and allowing for
more frequent evaluations. More importantly, the avail-
ability of a valid self-assessment tool that can be used
to quickly measure the severity of symptoms not only
in the clinic but also remotely can assist in determining
the effectiveness of interventions or detecting clinical
worsening. Bridging the current information blackout
between clinical visits with frequent adaptive tests that
can be administered electronically could help bring sig-
nificant advances to routine clinical care. Nonetheless,
the optimization of measurement-based care aims to as-
sist clinicians and does not call into question the need for
trained psychologists and psychiatrists.

This study has some limitations. First, the CAT-
Psychosis battery provides the investigator with an
overall severity score, including all symptom domains,
and is not designed to monitor specific individual symp-
toms (eg, auditory hallucinations), to the extent that they
may not always be adaptively administered. While it is
possible to develop an adaptive test to score the primary

dimension and each of the subdomains, this would
increase the number of items adaptively administered
and add to the subject burden. In this study, our objective
is to adaptively score the primary severity dimension, to
which all of the subdomains contribute. In future work,
we will explore the adaptive scoring of subdomain scores.
Second, the validation sample size did not allow for spe-
cific diagnostic predictions within all the psychoses that
we included as well as the detailed study of the influence
of sociodemographic factors. Future studies, including
larger samples, will address these issues. Third, this study
was conducted exclusively in English. Independent repli-
cation of our findings in other patient populations, set-
tings, devices, and languages is needed and will be the
subject of further research. Once developed, the CAT-
Psychosis scale can be tested for suitability in different
populations, using differential item functioning (DIF).*
As an example, CATs developed for depression, anx-
iety, mania/hypomania, suicidality, and substance use
disorder have been studied for DIF in diverse Spanish-
speaking populations,® perinatal women,* emergency
department patients,*” and in subjects within the criminal
justice system.*

Fourth, the adoption of an exclusively digital self-as-
sessment tool may be limited in non-digital native popu-
lations. However, while some studies have suggested that
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younger patients would be more willing to participate in
digital-based interventions,®* others show opposite re-
sults,® and rates of access of schizophrenia patients to
technology and smartphones have progressively merged
with that of the general population.®® In fact, in our val-
idation sample, n = 32 subjects were between the ages
of 50 and 70 years old and no test was interrupted or
incomplete.

Until recently, the use of a valid self-administered
psychopathology assessment tool has been missing in
schizophrenia and other psychoses research, partly be-
cause of lack of trust in the ability of patients to self-re-
port psychotic symptoms. Recent literature, including
our study, demonstrates that this is not the case. In fact,
we show that self-reports of psychotic symptoms made
by psychotic patients can lead to rapid, reliable, and
valid measurement of psychotic symptoms, which can
have relevant implications for research and clinical care.

Conclusion

CAT-Psychosis, both rater-administered and as a self-re-
port, provides valid psychosis severity scores and can also
discriminate psychotic patients from healthy controls, re-
quiring only a brief administration time.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin.
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