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1 | BACKGROUND

A. De la Rosa-Caceres’? | G. Rossi®

Abstract

Objectives: This research simulates an adaptive version of the IDAS-II (IDAS-CAT).
Methods: 2021 participants from both community (n = 1692) and patients (n = 329)
samples completed the IDAS-II. Item response theory metric properties of the
IDAS-II full test and the 20-items of the general depression (GD) scale were ob-
tained. The efficiency and accuracy of different computerized adaptive algorithms
were simulated. Different subsamples completed additional external measures in
order to gather evidence of validity of the scores estimated with the simulated
adaptive algorithms selected.

Results: Both unidimensional computerized adaptive testing algorithm selected for
the GD scale and the bifactor model chosen for the full test, allow 70% reduction in the
length of administration, maintaining a measurement error below 0.30 on the general
and 0.50 on the specific factors. Results show high correlations of the scores estimated
with the adaptive algorithms and the estimates based on the full test, as well as cor-
relations with external criteria almost equal to those generated with the full test.
Conclusions: IDAS-CAT could be a reliable and fast tool for measuring internalizing

spectrum.
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taxonomies towards dimensional and transdiagnostic approaches.

Initially, the results of this extensive line of research on the structure

Scientific evidence consistently reflects high comorbidity among of these disorders led to the proposal of a general latent liability,
internalizing problems (Kessler et al, 2015; Lamers et al., 2011). called internalizing spectrum, which would explain the co-occurrence
These observations have led to the development of alternative of these disorders (Krueger & Markon, 2006). The definition of the
explanatory models and reformulations of the diagnostic categorical internalizing spectrum has guided scientific advances in this vein for
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decades (Achenbach et al., 2016). More recently, the Hierarchical
Taxonomy of Psychopathology (HiTOP) (Kotov et al., 2017), has
broaden this conceptualization to general psychopathology, grouping
symptoms into higher dimensions, that are organized hierarchically
(symptoms group into disorders, spectra and ultimately into higher
order factors). In addition to this taxonomic proposal, aimed at
reorienting the diagnosis of disorders, transdiagnostic intervention
proposals have also been developed in recent years. An example of
this is the Unified protocol, which has developed specific proposals
for the intervention of emotional disorders (Barlow et al, 2011,
2016, 2017).

In order to both promote further research in the field of inter-
nalizing disorders, as well as to implement these recent taxonomic
and intervention proposals in the clinical context, and screen for in-
dividual in need for treatment in community samples, it is necessary
to develop appropriate measurement tools. For the measurement of
internalizing problems, the IDAS-II (De la Rosa-Céceres et al., 2020;
Watson et al,, 2012) has proven to be a useful tool both in the
research field and in applied and clinical settings. Specifically, the
IDAS-II consists of 18 nonoverlapping scales assessing internalizing
symptoms, allowing a more congruent evaluation with recent trans-
diagnostic approaches. It also includes a general depression (GD)
scale, containing items from other IDAS-II scales that gives an overall
depression symptom score. The operational definition of this instru-
ment and its subscales is theoretically framed within the internalizing
spectrum (Watson et al., 2012), which includes the sub-factors of
fear, distress, and mood.

While the traditional application of this test has shown great
interest and utility, its length may limit its application in research or
clinical and applied settings with limited administration time or can
lead to respondent burden when administering larger batteries
(Yates & Taub, 2003). In addition, the static and traditional applica-
tion of a test implies that the same items are applied, in the same
order, to all people regardless of their level in the measured variable,
so that some items will provide little or no discriminative ability for
some people. An increasingly popular alternative is the use of
computerized adaptive testing (CAT) based on item response theory
(IRT) models (Embretson & Reise, 2000; Feuerstahler et al., 2020).

In a CAT procedure, instead of applying all (or the same) items to
all persons, using computerized IRT algorithms, each person will be
given the items that provide the most information for his or her level
in the variable previously estimated. For the development of a CAT it
is necessary to have a larger bank of items previously calibrated
(Wainer, 2000). When applying a CAT, after the response to the first
item, the person's level in the construct is estimated (van der
Linden & Pashley, 2000). From this estimate, the item that provides
the most information (precision) of the rest of items is chosen and,
after the response, the score is re-estimated. This process continues
until a certain stopping criterion is reached. To test the efficiency and
usefulness of CAT procedures, it is common practice to perform
computer simulations of item banks based on a series of assumptions
(e.g., Stochl et al., 2016; Tsaousis et al., 2021). Thus, these simulations

study the accuracy and efficiency of the adaptive algorithm with

different starting conditions, estimation of people's scores and
stopping criteria, and provide evidence of validity of the scores
derived with the CAT algorithm (Barnard, 2018; Han &
Kosinki, 2014).

The simulation, development and evaluation of CAT procedures
has become widespread in recent years in the field of psychopa-
thology and drug use (Guinart et al., 2021; Hulvershorn et al., 2022;
Mustanski et al., 2021; Sunderland et al., 2017). These studies
showed a saving in the number of items needed in the assessment,
while maintaining adequate accuracy and agreement with the full
measure. To date, most of these adaptive applications have been
performed on unidimensional models (e.g., Sunderland et al., 2017).
IRT models were applied to capture the full continuum of severity
along the dimension with a more efficient smaller subset of items
(Embretson & Reise, 2000). However, when high comorbidity among
symptoms is observed, as in internalizing disorders, it is more realistic
and useful to use multidimensional approaches (Gibbons et al., 2016;
Reckase, 2009). Specifically, bifactor IRT models allow estimating the
metric properties of items with respect to a general factor and
different specific factors as well (Reise et al, 2007; Toland
et al,, 2017). CAT simulation studies with bifactor models conducted
to date with instruments linked to internalizing symptoms show
adequate performance and increased efficiency. However, these
studies either use measures restricted to only one disorder (Gibbons
et al, 2012, 2014) or larger item banks from different instruments
designed with different metrics and time-frame (Sunderland
et al, 2019). The simulation study of a CAT for the IDAS-II would
optimize the assessment of a wide range of symptoms of internalizing
disorders, evaluated with the same response format and within the
most recent theoretical approach of HiTOP. In addition, the studies
conducted to date use patient-specific samples (Gibbons et al., 2008;
Gibbons et al., 2012, 2014) or community samples (Sunderland
et al.,, 2019). In this sense, the inclusion of mixed samples would allow
a more adequate representation of the entire continuum to be
evaluated.

Therefore, the main objective of this work is to show the metric
properties of an adaptive version of the IDAS-II test (IDAS-CAT)
through a simulation process departing from data collected on a large
mixed sample. To this end, we aim to: (1) analyze the uni- and
multidimensional structure of the supra-facet level of IDAS-II found
in previous works; (2) analyze the metric properties of the items from
a unidimensional IRT model with the GD scale and a bifactor model
with the 99 items of IDAS-II, including: a general factor (internalizing)
and three specific factors (distress, fear and mood); (3) simulate the
efficiency and accuracy of a computerized and adaptive version of
the IDAS-II (IDAS-CAT) to locate the evaluated individuals scores
along a continuum of underlying internalizing problem levels; (4)
provide evidence of validity of the scores estimated in this simulation
process from the correlations of these scores with the scores of the
original IDAS-II scales and the scores on external variables collected
in the sample. According to previous literature, it is expected: (1)
that, in both confirmatory factor analysis (CFA) models, the 20 GD
items fit a unidimensional model and that the 99 IDAS-II items fit a
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bifactor model with one general factor (internalizing) and three
specific factors (distress, fear, and mood); (2) that the 20 GD items fit
a unidimensional IRT model and the 99 IDAS-II items fit a multidi-
mensional, bifactor IRT model, as previously defined. Regarding the
simulation process, we expect to (3) that, in both cases, it will be
possible to find an adaptive algorithm that allows a significant
reduction in the number of items needed to make an adequate
measurement; (4) that the scores generated through the selected
adaptive algorithms will be accurate (in terms of low estimation er-
ror) and efficient (in terms of a significant reduction in the number of
items used); (5) that the scores generated through the selected
adaptive algorithms will provide evidence of validity based on the
relationship with other external variables very close to those pro-
vided by the scores obtained in a non-adaptive application of all
items. To this end we will examine correlations with scales (i.e.
measuring depression, anxiety, post-traumatic stress, obsessive-
compulsive symptoms, pathological traits and functional impair-
ment) that have well-established relations with IDAS-II scales (see
e.g. De la Rosa et al., 2023; Vittengl et al., 2023).

2 | MATERIAL AND METHODS
2.1 | Participants and procedure

To decide on the proper sample size, representativeness and vari-
ability criteria were taken into account. Considering the criterion of
representativeness of the Spanish population, a sampling error of 3%,
and a confidence interval of 95%, the required sample size would be
1048 participants. According to Ferrando et al. (2022) and Jiang
et al. (2016) this sample size would enough to carry out CFA with the
intended indicators and factors and to ensure stability on the esti-
mation of IRT parameters. To ensure variability in responses, there
were added an additional sample of patients that allow a more
adequate representation of the entire continuum to be evaluated.
The final mixed sample was composed of patients and people
from the community population (n = 2021) was gathered by three
waves of data collection: Wave (1) 620 community adults selected by
means of non-probability sampling in the province of Huelva (Spain);
Wave (2) 1072 community adults recruited by stratified random
sampling, proportionally represented in the Spanish population ac-
cording to age group, sex, and geographic area. Wave (3) 329 patients
from public and private mental health services in the province of
Huelva (Spain). Inclusion criteria for community samples were being
between 18 and 80 years old and not having a diagnose of any mental
disorder. Inclusion criteria for clinical sample were being between 18
and 80 years old and being under treatment in a mental health ser-
vice during the data collection. Those who met any of the following
characteristics were excluded from all samples: having been diag-
nosed with a medical or psychological disorder that disqualified them
from taking the tests, or not signing the informed consent form.
Community adults from wave 2 completed the instruments in an

online format, whilst a psychologist administered the questionnaires

in paper and pencil format to the wave 1 and 3. The latter completed
the measures in rooms set up in the centers where they were
recruited. Results from online and paper-and-pencil collection result
into quantitative equivalence and this can be both used (Weigold
et al., 2013). All participants were informed about the anonymous
and voluntary nature of their participation in the study and gave their
written informed consent. This study has the approval of the
Bioethics Committee of Biomedical Research of Andalusia (Spain)
(file number PI 040/18).

2.2 | Measures

All participants completed the IDAS-II (Watson et al., 2012; Spanish
version by De la Rosa-Caceres et al., 2020). The IDAS-II consists of
99 items with a Likert-type response format (1 = not at all to
5 = extremely) (De la Rosa-Caceres et al., 2020; Kotov et al., 2017)
organized on 18 nonoverlapping scales (Dysphoria, Lassitude,
Insomnia, Suicidality, Appetite Loss, Appetite Gain, Well-Being, IlI-
Temper, Mania, Euphoria, Panic, Social Anxiety, Claustrophobia,
Traumatic Intrusions, Traumatic Avoidance, Checking, Ordering,
Cleaning) and an overlapping scale made up of 20 items from other
scales (GD). Internal consistency in this study ranged from Cron-
bach's alpha value of 0.75 for Ordering and 0.91 for Dysphoria and
Panic. The GD scale reached an alpha value of 0.93.

In order to gather evidence of validity of the scores estimated
with the adaptive algorithms selected, the following external mea-
sures were applied to different subsamples of the complete group of
participants. The number of participants who completed each one
can be read in Tables 3 and 5.

Beck Depression Inventory-1l (BDI-1l; Beck et al., 1996; Spanish
version by Sanz et al., 2003). This instrument evaluates the presence
and severity of depressive symptomatology in the last two weeks. In
this work, we have found high internal consistency values (Cron-
bach's alpha = 0.90).

Beck Anxiety Inventory (BAIl; Beck & Steer, 1990; Spanish
version by Sanz & Navarro, 2003). A 21-item inventory that assesses
the severity of anxiety symptoms in the last seven days. The BAI
showed high internal consistency in this study (Cronbach's alpha
value of 0.93).

Post-traumatic Stress Disorder Checklist-Civilian Version (PCL-
C; Weathers et al, 1993; Spanish version by Orlando &
Marshall, 2002) was used to measure post-traumatic stress disorder
(PTSD) symptoms corresponding to criteria B (re-experiencing), C
(avoidance), and D (arousal) of the diagnostic criteria for DSM-IV
PTSD. In this work we will only use the global score (PCL-C Total;
Cronbach's alpha = 0.93).

Obsessive-Compulsive Inventory-Revised (OCI-R; Foa et al.,
2002; Spanish version by Fullana et al., 2005). Formed by 18 items
measuring the severity of obsessive-compulsive disorder (OCD)
symptoms, in six subscales with three items each (Washing, Checking,
Ordering, Neutralizing, Hoarding, and Obsessing) and an overall

score (OCI-R Total Cronbach's alpha = 0.90; internal consistency
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values of the subscales range from Neutralizing (¢ = 0.67) to
Ordering (a = 0.78)).

Personality Inventory for DSM-5 Short Form (PID-5-SF; Krueger
et al.,, 2012; Maples et al., 2015; Spanish version by Diaz-Batanero
et al., 2019). This 100-items instrument assesses 25 personality facets
organized into five higher order domains as described in DSM-5 sec-
tion Il in the alternative model for personality disorders. The reliability
values of the scores in this study in the five domains measured are:
Negative Affect (@ = 0.87), Detachment (a = 0.90), Antagonism (a =
0.68), Disinhibition (a = 0.89), Psychoticism (a = 0.76).

WHO Disability Assessment Schedule II (WHODAS 20;
WHO, 2000; Spanish version by Vazquez-Barquero et al., 2000). This
instrument was developed from a set of the International Classifi-
cation of Functioning, Disability and Health (ICF) items to measure
functional impairment. Each item is scored on a 5-point Likert scale
(O = none to 4 = extreme or cannot do) which grades the difficulty
experienced by the participant in performing a given activity. In this
sample, the value of the internal consistency of the scores (Cron-
bach's alpha) is 0.91.

2.3 | Data analysis

Firstly, the data collected (either on paper and pencil or online) were
used to test the structure of IDAS-II using CFA and to analyze the
metric properties of items using IRT (adjusting the items, estimating
item parameters, and calculating true theta scores for individuals).
Following that, the simulation of different CAT algorithms was un-
dertaken. Based on the previously estimated IRT parameters of in-
dividuals and items, simulated responses from all individuals under
the specified conditions were estimated: adaptive simulations with
stopping criteria (CAT algorithms 1 to 5), adaptive simulations
without stopping criteria (full test), and simulations with a fixed
number of items that are not adaptive but random. Finally, collected
and simulated scores were correlated to provide evidence of the
validity of the estimated algorithms. Each of the analyses are
described below.

Confirmatory factor analyses (CFAs): The following models were
tested: Model 1 (GD factor), in which 20 items were specified as
loading into a single factor (Unidimensional GD; GD); Model 2 (one
general factor: Internalizing), where the 99 IDAS-II items are grouped
in one dimension (Unidimensional Internalizing); Model 3 (first and
second order factors), in which three first-order factors were speci-
fied - distress, fear/obsession, and mood - that grouped into a
second-order factor (Internalizing); Model 4 (hierarchical three-
subfactor, bifactor model), in which a general factor with all items
(general factor internalizing), and three specific factors - distress,
fear/obsession, and mood -into which certain specific items loaded
were specified.

The CFA modeling analyses were conducted using diagonal
weighted least squares (DWLS) estimation. The robust DWLS method
is recommended in situations where the data are measured in ordinal

scale and multivariate normality cannot be assumed (Mindrila, 2010;

Rhemtulla et al., 2012). To evaluate goodness of fit for each model,
the following quantitative fit statistics were used: the Comparative
Fit Index (CFl), the Tucker-Lewis Index (TLI), the Root Mean Square
Error Approximation (RMSEA), and the Standardized Root Mean
Square Residual (SRMR). Following Hu and Bentler (1999), values of
CFl and TLI above 0.95, and values of RMSEA and SRMR below 0.06
and 0.08, respectively, were considered indicative of good fit. In or-
der to compare the models, other fit statistics such as the Bayesian
Information Criterion (BIC), and Akaike Information Criterion (AIC)
will be obtained: smaller values indicate a better model fit.

Item Response Theory Analysis: Two separate IRT analyses will be
conducted: one for the unidimensional GD model (20 items) and one
for a bifactor model with the same structure as the previously
defined model 4. The item parameters and the fit of the IRT models
were estimated using a full information item factor analysis proced-
ure using an expectation-maximization (EM) approach (Bock & Ait-
kin, 1981). Given that our data are essentially ordinal, we used a
graded response model (Gibbons et al., 2007; Samejima, 1997), to
calculate item parameters and person scores (true theta scores). In
the unidimensional model, a one-factor graded response model was
used. In the bifactor model we used a multidimensional graded
response model. Item fit was assessed using the 5-X? statistic (Kang &
Chen, 2008).

Computerized Adaptive Test Simulations: The IRT parameters
estimated previously were used to generate responses to the items in
the different dimensions used in the two models analyzed in the
previous phase (unidimensional and bifactorial). For both models,
different simulations were carried out which differed from each other
based on the termination criteria used. The rest of the phases will be
the same for all simulations performed.

Start of the simulation and selection of items: Since our goal is to
accurately position individuals along a continuum, in the unidimen-
sional model of GD, items will be selected using Fisher's maximum
information criterion for the estimated trait levels (Meijer & Ner-
ing, 1999). In the bifactor model, items will be adaptively selected
using the D-optimally approach, that maximizes the determinant of
the information matrix for the estimated trait levels (Seo &
Weiss, 2015). However, using the information maximization as the
only criterion for selecting items can result on overexposition of
some items and underutilization of others. Simulations based solely
on maximizing the information function of the scale show higher
percentages of reduction in the number of items used, although the
evidence of content validity is compromised (Luecht et al., 1998; Yi &
Chang, 2003). In present research, we therefore control both the
exposure rate of the items and their content, ensuring the propor-
tionality of the dimensions included in the IDAS-II and providing
results closer to a real situation. Specially in the case of the multi-
dimensional model, regardless of the amount of information they
provide, items from the three specific factors are used, ensuring the
representativeness of the contents and the correct interpretation of
the scores obtained.

To avoid overexposure of items with highest discriminative ability
the 5-4-3-2-1 method of McBride and Martin (1983) was used for the
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first five items. That is, selecting one item at random from among the 5
most informative items as the first item, another at random from
among the 4 most informative items as the second, and so on up to the
5th item, from which the most informative item is always selected for
the last estimated 6 level. In addition, in the multidimensional model a
content-balancing procedure to ensure the representativeness of all
three specific factors in the CAT was used (Chalmers, 2016). Each
specific factor was assigned a weight, depending on the number of
items that comprise it. In each simulation, a proportional number of
items was chosen from each factor (approximately 0.60 for ‘dystress’,
0.26 for ‘fear/obsessions’ and 0.13 for ‘mood’).

Estimation of persons' severity level: The starting point was set as
theta = 0. Successive theta values were estimated using Bayesian
maximum a posteriori with standard normal priors (Embretson &
Reise, 2000).

Stopping criteria: The following stopping criteria were used: (a)
minimum number of items to be applied (4 for unidimensional GD
and 12 for the bifactor model); and (b) standard error of measure-
ment equal to or less than 0.30 in the unidimensional model and 0.30
(for the general factor) and 0.50 for each of the specific factors in the
multidimensional model (Algorithm 1: SE(6) < 0.30 [unidimensional]/
General: SE(8) < 0.30, Specific: SE(6) < 0.50 [bifactorial]).

For extreme values of theta, analogous to previous work (see, for
example, Sunderland et al., 2017, 2019), the change in estimated
values of theta from one item to another was used as an additional
stopping criterion. Thus, four more algorithms were generated: Al-
gorithm 2: Algorithm 1 + A8 < 0.005, that is, the adaptive algorithm
terminates when one of the two conditions is met, either the stan-
dard error of measurement is less than or equal to 0.3 or the dif-
ference in successive estimates of theta is less than 0.005; Algorithm
3: Algorithm 1 + A6 < 0.01; Algorithm 4: Algorithm 1 +
AB < 0.05 years Algorithm 5: Algorithm 1 + A6 < 0.10. In order to
compare the results obtained, two more algorithms were run: the
first one did not use any termination criteria (full test) and the second
one used the same number of items used in the most efficient of the
five specified algorithms, but the selection criterion of the items was
not adaptive but random.

TABLE 1 Fit statistics for confirmatory factor models.

Model X2 df

Model 1. One factor: General depression (20 items) 895.13 170

Model 2. One factor: Internalizing (99 items) 46,213.37 4752

Model 3. One higher order factor [internalizing] 43,446.21 4749
and three-subfactor [distress, fear, and mood] (99

items)

Model 4. Bifactor: Three-subfactor and one general 22,918.87 4653

factor of internalizing (99 items)

As measures of the accuracy and efficiency of the adaptive al-
gorithms we calculated: (a) correlations between the thetas esti-
mated in the CAT simulations with the theta scores obtained with the
full item bank (full test) and the original theta scores (true theta); (b)
the average of the standard errors of the estimated thetas as a
measure of the accuracy of each of the simulations; and (c) the
average number of items used in each simulation as a measure of the
efficiency of the simulation.

Evidence of validity: Correlations between the thetas estimated in
the CAT simulations and the full test (i.e. sum scores of original IDAS-
Il 18 subscales and GD scale) with different external variables: BDI,
BAl, OClI, PID-5-SF, PCL-C and WHODAS 2.0.

CFA was conducted with the “cfa” module of the “lavaan” (Ros-
seel, 2012). IRT analyses were conducted using the R package “mirt”
(Chalmers, 2012). CAT simulations were performed using the R
package 'mirtCAT' (Chalmers, 2016). Correlations between simulated
scores and full scores and external measures were computed with
SPSS 27.0.

2.3.1 | Transparency and openness

We report how we determined our sample size, all data exclusions, all
manipulations, and all measures in the study. This study's design and

its analysis were not pre-registered.

3 | RESULTS
3.1 | Confirmatory factor analysis

Table 1 shows the fit for all models tested, the models with best
absolute and relative fit indices being the unidimensional GD model
(model 1) and the bifactor model (model 4). Thus, these two models
will be our input for the CAT simulation. In model 1 the standardized
factor loadings range from 0.25 (recoded item 8 of the Well-Being
scale) to 0.81 (item 3 of dysphoria). In model 4 the factor loadings

90%
CFl  TLI SRMR RMSEA RMSEA CI BIC AIC
0.984 0.982 0.064 0.046 0.043/.049 103,893.65 103,669.72
0.917 0.915 0.085 0.067 0.067/.068 506,996.14 505,894.63
0.922 0.920 0.082 0.062 0.065/.065 498,505.73 497,387.53
0.963 0.962 0.061 0.045 0.045/.046 490,718.08 489,065.81

Note: Estimation Method: BIC and AIC were estimated using a Maximum Likelihood (ML) estimator. All chi-square values are statistically significant.

Best fitting models are displayed in bold.

Abbreviations: AIC, akaike information criterion; BIC, bayesian information criterion; CFl, comparative fit Index; DWLS, diagonally weighted least
squares; RMSEA, root mean square error approximation; SRMR, standardized root mean square residual; TLI, tucker lewis index.
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on the general factor (internalizing) range from 0.06 (item 3 of Well-
Being) to 0.75 (item five of Mania).

3.2 | Item response theory

Unidimensional GD (20 items): IRT parameters (discrimination [a],
thresholds category parameters [b4, by, bs, bs], item difficulty (or
severity; byean = mean category threshold values), and the fit values
for each of the items are shown in Supporting Information S1: Ta-
ble S1.

The items in general showed adequate values for the discrimi-
nation parameter, ranging 0.52-2.90 (average 1.85). 18 of the 20
items had positive difficulty parameters, that is, above the average
value with only the two Well-Being items having negative position
values. Most extreme position values corresponded with item 8 (from
Well-Being) (“He sentido que he tenido mucha energia” [I felt | had a
lot of energy]) with bMEAN = —2.82 and item nine on Dysphoria (“He
hablado més despacio que lo habitual” [I have spoken more slowly
than usual]), byean = 2.51(see Supporting Information S4: Figure S1
in supplementary material). IRT analysis showed that 4 out of 20
items (25%) do not fit (p < 0.01).

The difficulty (or severity) item parameters (see Supporting
Information S1: Table S1) and test information function (Supporting
Information S4: Figure S1) indicated that the items analyzed are
useful for discriminating people with medium or high levels of the
construct. Supporting Information S4: Figure S1 shows that most of
the items were located between values of 0.25 and 1.25, with the
dysphoria items being the most centered and the most informative.

3.2.1 | Bifactor model (99 items)

Supporting Information S2: Table S2 shows the parameter values on
the general factor of the 99 items used for the bifactor model. 21 of

the items (20%) had fit values (S-X? p-value) below 0.05. Of these,
only three have S-X? p-values below 0.01. The values of the
discrimination parameter of the general factor items ranged from
0.12 to 2.87, the central 90% of the discrimination values were be-
tween 0.50 and 2.33. Item position parameters ranged from —7.44
(item 3 of Well-Being) to +10.65 (item 7 of Cleaning), with values
from 0.45 to 3.37 on the central 90% of the items. Most of the items
had medium-high positions, showing these positions the highest
values in the information function, thus providing greater precision in
the measurement for people with medium-high levels of internalizing.

The contents of Well-Being were located on lower levels of
internalizing problems, while the contents of cleaning or euphoria
were associated with higher levels. Again, the most discriminative
and more centered items were those of Dysphoria, Panic, Appetite

Gain and Appetite Loss (see Supporting Information S5: Figure S2).

3.3 | Computerized adaptive test simulations
3.3.1 | Unidimensional general depression (20 items)

The results of the different CAT simulations tested for the unidi-
mensional model are shown in Table 2. All the algorithms contrasted
implied a reduction in the number of items used in the estimation of
the person's severity level. Using both precision and efficiency
criteria, the solution offered by Algorithm 4 seemed the most
appropriate. With only six items (reduction of 70% of items) it ach-
ieved a precision very close to 0.30 and the theta values obtained
were closely correlated with those obtained with the full test.
Including the same number of items, the randomized algorithm
showed lower precision values and lower correlations with true theta
and full scores. The analysis of the measurement error obtained with
the algorithm selected, showed that people with lower levels (theta
below 0) were measured less accurately, higher standard errors of
measurement were obtained, and therefore more items were

TABLE 2 Simulation studies comparing the different termination criteria with the application of the full test or a random selection of

items.

N items

Mean % Reduction
True --- ---
Full 20 0
Algorithm 1 8 60
Algorithm 2 8 60
Algorithm 3 8 60
Algorithm 4 6 70
Algorithm 5 5 75
Random 6 70

Correlations

Mean 6 Mean SE(©) True Full

- 1.00 0.97
0.013 0.24 0.97 1.00
0.020 0.30 0.95 0.98
0.020 0.30 0.95 0.98
0.019 0.30 0.95 0.98
0.023 0.32 0.94 0.98
0.023 0.33 0.94 0.97
0.019 0.41 0.90 0.93

Note: Algorithm 1: SE(6) < 0.3; Algorithm 2: SE(6) < 0.3 OR A6 < 0.005; Algorithm 3: SE(6) < 0.3 OR A6 < 0.01; Algorithm 4: SE(6) < 0.3 OR A6 < 0.05;
Algorithm 5: SE(6) < 0.3 OR A8 < 0.1 Algorithm selected is displayed in bold. One-dimensional model General Depression (20 items).
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TABLE 3 Correlations between theta (0) scores using the full
test, and CAT Algorithm 4 with the direct scores (sums) of General

required in order to reach an acceptable measurement error value

Depression and the 18 facets of the IDAS-II and external variables. (see Supporting Information S3: Table S3).
IDAS-II Facets Full test  CAT: Algorithm 4
General depression 0.94 0.92 3.3.2 | Validity evidence based on the relations with
Dysphoria 0.93 0.91 the IDAS-II facets
Lassitude 0.74 0.72
X Table 3 shows the correlations between the summative scores of the
Insomnia 0.70 0.68
GD scale and the 18 facets of the IDAS-II with the theta scores
Suicidality 0.57 0.56 estimated from the model with all items (full test) and those esti-
Appetite loss 0.59 0.57 mated with the selected adaptive model (CAT = algorithm 4). The
Appetite gain 0.40 0.39 estimates provided by the adaptive algorithm presented correlations
lll-Temper 070 0.68 very similar to those of the estimates based on the 20 items (full test)
for all scales. The highest correlations corresponded to GD and
Mania 062 060 Dysphoria (r = 0.91-0.94). In general, CAT estimates maintained high
Panic 0.75 0.74 and significant correlations with all facets that provide items to the
Traumatic intrusions 0.72 0.70 measure, except Well-Being, with lower correlations to other facets.
Traumatic avoidance 0.45 0.44
Social iet 0.66 0.64 _ . . .
octal anxiety 3.3.3 | Validity evidence based on the relations with
Claustrophobia 0.46 0.45 external measures
Checking 047 0.46
Ordering 027 0.26 Table 3 shows the correlations between the estimates based on the
. application of the 20 items and the CAT estimates based on the
Cleaning 0.27 0.26 . . . L X
chosen adaptive algorithm. Again, similar calculated correlations
Well-being (recode) 0.36 0.35 were observed between estimates based on all items (full test) and
Euphoria 0.20 0.20 those calculated with the adaptive algorithm. The estimates corre-
Searal verEes lated positively and with larger effect sizes with BDI (r = 0.74 and
BAI (n = 620) 0.66 0.65 0.73) and BAI (r = 0.66 and 0.65).
BDI-II (n = 620) 0.74 0.73
OCI-R Washing (n = 620) 0.29 0.28 3.3.4 | Multidimensional (bifactor) model (99 items)
OCI-R Cheking (n = 620) 0.34 0.33
. The adaptive algorithms used in the bifactor model are shown in
OCI-R Ordering (n = 620) 0.31 0.30 .
Table 4. The first algorithm, based only on the value of the measure-
OCI-R Neutralizing (n = 620) 0.29 0.28 ment error, provided low standard error values. However, we consider
OCI-R Hoarding (n = 620) 0.30 0.31 it to be an inefficient option given the high number of items involved.
OCI-R Obsessing (n = 620) 0.51 0.50 The algorithm that presented the best relation between precision and
OCI-R Total (n = 620) 047 0.46 efficiency is algorithm 3 (Gen: SE(6) < 0.3 and Specifics: SE(8) <0.5) OR
(AB < 0.01). With a reduction of 70% (approx.) in the number of items
PCL-C (n = 620) L L used, it resulted in standard error values of 0.30 for the general factor
PID-5-SF Negative affect 0.58 0.58 and less than 0.50 for each of the specific factors. Moreover, the scores
(n = 1071) estimated in this adaptive procedure showed high correlations with the
PID-5-SF Detachment (n = 1071)  0.56 0.55 'true theta' and 'full test' estimates. On the other hand, these corre-
PID-5-SF Antagonism (n = 1071) 0.14 0.14 lations were almost identical to those presented by the scores of al-
PID-5-SF Disinhibition (n = 1071)  0.51 051 gorithms 1 and 2, which provided better precision but involve a larger
- number of items. Similar to the unidimensional model, having few items
AD-SEF PeE e am i = 10 @50 2 with a position less than zero, the scores of people with true theta
WHODAS 2.0 (n = 1401) 0.65 0.65 values less than zero were estimated with low precision, thus requiring
Note: In bold the facets that contribute with items in the CAT. a larger number of items to reach an acceptable level of measurement
Unidimensional General Depression model (20 items). error (see Supporting Information S3: Table S3).
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TABLE 4 Simulation studies comparing the different termination criteria with the application of the full test or a random selection of items.

Correlations

Mood

Distress Fear

Internalizing

SE(6)

Fear Mood True Full True Full True Full True Full

Distress

Internalizing

% Reduction

M items

0.33 0.98 1.0 0.89 1.0 0.91 1.0 0.93 1.0

0.37

0.42

0.20

99

Full

0.42 0.97 0.98 0.86 0.97 0.88 0.97 0.88 0.95

0.42

0.27 0.47

45 55

Algorithm 1

SANCHEZ-GARCIA ET AL

0.44 0.95 0.98 0.86 0.96 0.88 0.97 0.87 0.94

0.43

0.29 0.48

65

35

Algorithm 2

0.46 0.95 0.97 0.85 0.96 0.88 0.96 0.86 0.93

0.44

0.30 0.48

30 70

Algorithm 3

0.54 0.93 0.95 0.83 0.93 0.86 0.94 0.80 0.87

047

0.36 0.52

18 82

Algorithm 4

0.57 0.91 0.93 0.82 0.91 0.85 0.92 0.77 0.84

0.50

0.55

0.40

86

14

Algorithm 5

0.55 0.95 0.96 0.72 0.81 0.76 0.84 0.78 0.85

0.60

0.32 0.65

30 70

Random

pecifics: SE(6) < 0.5) OR A8 < 0.01;

<0.3andS
0.5) OR A6 < 0.05; A Algorithm 5: (Gen: SE(8) < 0.3 and Specifics: SE(8) < 0.5) OR A6 < 0.1. Bifactorial model (99 items).

pecifics: SE(8) < 0.5) OR AB < 0.005; Algorithm 3: (Gen: SE(6)

<0.3andS

; Algorithm 2: (Gen: SE(6)

6) <05

Note: Algorithm 1: Gen: SE(6) < 0.3 and Specifics: SE(
Algorithm 4: (Gen: SE(6) < 0.3 and Specifics: SE(6) <

3.3.5 | Validity evidence based on the relations with
the IDAS-II facets

Table 5 shows the correlations between the IDAS-II scale scores and
the CAT estimates. The results showed very similar values for the
chosen adaptive model as for the model including all items. In both
cases, the estimated scores correlated as expected with the IDAS-II
facets. The general factor estimates correlated positively and signifi-
cantly with all IDAS scores. The values of the correlations ranged from
0.24 (for Well-Being) to 0.87 (for Dysphoria). Estimates for distress
correlated mostly with the scales of Insomnia, Panic, Dysphoria and
Traumatic Intrusions. Estimates on the specific factor of Fear/obses-
sions were closely related to the facets of Cleaning, Ordering or
Claustrophobia. Finally, the estimates of Mood appeared associated
with the two facets that integrate it (Well-Being and Euphoria).

3.3.6 | Validity evidence based on the relations with
external measures

Table 5 shows the correlations between the estimates based on the
application of the full test and CAT algorithm with external mea-
sures. The results revealed that the estimates of Algorithm 3 were
very similar to those obtained with the complete test, with similar
correlations of both estimates with other variables external to IDAS-
Il. In both cases, the estimated scores on the general factor corre-
lated positively and significantly with all the variables analyzed, with
values ranging from 0.25 for PID-5-SF Antagonism to 0.75 for BDI.
Distress estimates correlated most strongly with anxiety (BAI),
depression (BDI), PCL-C and WHODAS 2.0 Total scores. The Fear
dimension was related to a greater extent, as expected, with OCI
scores. Mood was related to depression, PID-5-SF Detachement and
Hypomania.

4 | DISCUSSION

The present work for the first time shows that the adaptive version
of IDAS-1l (IDAS-CAT) is an interesting alternative for administra-
tions in contexts where administration time is short. The IDAS-CAT
could constitute a useful tool for both research and applied or clinical
settings in which a comprehensive coverage of the internalizing
spectrum is preferred. Specifically, the results obtained in the
simulation process in a large mixed sample show that with a
considerable reduction in the length of the IDAS-II and maintaining
an adequate measurement error, the unidimensional CAT model al-
lows to adequately represent the 20 items of the GD scale. Also, the
bifactor model mirrors the 99 items of the IDAS-II grouped into
three specific factors (distress, fear and mood) and one general
factor (internalizing). In addition, the present simulation study pro-
vides evidence of the validity of the scores obtained with the two
adaptive procedures. These results imply administration time can be

substantially shortened without a reduction in reliability of validity.
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TABLE 5 Correlations between theta () scores using the full test, and CAT Algorithm 3 with the direct scores (sums) of General
Depression and the 18 facets of the IDAS-Il and external variables.

IDAS-II facets

General depression

Dysphoria

Lassitude

Insomnia

Suicidality

Appetite loss

Appetite gain

llI-Temper

Mania

Panic

Traumatic intrusions

Traumatic avoidance

Social anxiety

Claustrophobia

Checking

Ordering

Cleaning

Well-being (recode)

Euphoria

External variables
BAI (n = 620)
BDI-II (n = 620)
OCI-R Washing (n = 620)
OCI-R Checking (n = 620)
OCI-R Ordering (n = 620)
OCI-R Neutralizing (n = 620)
OCI-R Hoarding (n = 620)
OCI-R Obsessing (n = 620)
OCI-R Total (n = 620)
PCL-C (n = 620)

PID-5-SF Neagative affect
(n = 1071)

PID-5-SF Detachment (n = 1071)
PID-5-SF Antagonism (n = 1071)

PID-5-SF Disinhibition (n = 1071)
PID-5-SF Psychoticism (n = 1071)
WHODAS 2.0 (n = 1401)

Note: Bifactorial model (99 items).

Internalizing Distress Fear Mood

Full CAT: Full CAT: Full CAT: Full CAT:
test Algorithm 3 test Algorithm 3 test Algorithm 3 test Algorithm 3
0.85 0.83 0.38 0.41 -0.05 -0.04 0.28 0.26
0.87 0.85 0.28 0.31 -0.04 -0.03 0.20 0.19
0.74 0.72 0.17 0.21 -0.04 -003 0.07 0.08
0.60 0.61 0.72 0.71 0.05 0.04 0.09 0.08
0.61 0.58 0.07 0.09 -0.01 -001 0.14 0.14
0.52 0.51 0.33 0.34 0.03 0.02 0.08 0.08
0.48 0.46 0.01 0.03 -001 -001 -0.04 -0.02
0.75 0.73 0.18 0.20 -0.02 -0.02 0.04 0.05
0.75 0.73 0.08 0.11 0.13 0.13 -0.13 -0.11
0.78 0.77 0.27 0.29 0.01 0.02 0.11 0.11
0.74 0.72 0.22 0.25 -0.02 -0.02 0.10 0.10
0.57 0.56 0.01 0.03 0.19 0.19 -0.17 -0.15
0.74 0.72 0.07 0.10 0.06 0.06 0.09 0.09
0.56 0.55 0.06 0.07 0.44 0.43 -0.02 -0.02
0.60 0.58 0.01 0.03 0.31 0.29 -0.17 -0.16
0.43 0.41 -0.05 -0.03 0.42 0.41 -0.28 -0.26
0.34 0.33 0.05 0.06 0.79 0.77 -0.12 -0.11
0.24 0.24 0.15 0.16 -0.15 -0.14 0.87 0.81
041 0.40 -0.10 -0.08 0.18 0.17 -0.60 -055
0.72 0.70 0.26 0.29 0.22 0.21 0.12 0.11
0.75 0.73 0.28 0.30 0.07 0.07 0.29 0.28
0.37 0.35 0.05 0.06 0.54 0.51 -0.06 -0.06
0.43 0.40 0.11 0.12 0.36 0.34 -0.04 -0.06
0.38 0.38 0.09 0.10 0.35 0.33 -0.07 -0.08
0.39 0.36 0.02 0.04 0.32 0.30 -0.10 -0.10
0.36 0.35 0.04 0.06 0.22 0.22 -0.02 -0.02
0.58 0.56 0.11 0.14 0.16 0.14 0.05 0.06
0.58 0.55 0.08 0.11 0.44 0.41 -0.05 -0.05
0.59 0.56 0.19 0.22 0.07 0.08 0.09 0.10
0.63 0.61 0.11 0.13 0.07 0.07 0.10 0.09
0.58 0.57 0.08 0.10 -0.04 -0.02 0.28 0.27
0.25 0.23 -0.10 -0.08 0.01 0.02 -0.12 -0.09
0.59 0.57 0.01 0.04 -0.06 -0.05 0.08 0.09
0.60 0.58 0.02 0.05 -0.01 0.02 0.04 0.05
0.66 0.65 0.17 0.19 0.01 0.01 0.17 0.15
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Firstly, the CFAs conducted provide evidence of validity based
on the internal structure of the test of IDAS-II. Our data support the
factor structure proposed by Watson et al. (2012; see also in other
languages: Irak & Albayrak, 2020; Wester et al., 2022): the 20 DG
items fit a unidimensional model, while the 99 full-test items allow
replicating the three-factor structure (distress, fear and mood).
Furthermore, the observation of an adequate fit of the bifactor model
is further evidence in favor of the internalizing spectrum defined in
the HiTOP (Kotov et al., 2017; Waszczuk et al., 2017). Similar results
are observed in the work of Sunderland et al. (2019), with one gen-
eral internalizing factor and five specific factors using items from
different instruments.

Secondly, the results of the present work show that the simu-
lated versions of the IDAS-CAT improve the metric properties of the
corresponding non-adaptive full test versions. In particular, the
scores generated with the adaptive algorithms have a very low
average measurement error with significantly fewer items. Main-
taining a high accuracy (SE(0) close to 0.30 for GD and internalizing
general factor and SE(B) below 0.50 for the specific factors) relevant
levels of efficiency are obtained. This results into a reduction of 70%
of items in both cases. Similar values are obtained in simulations
conducted in previous studies with the 21-item of BDI (71% reduc-
tion; Gardner et al., 2004), in a one-dimensional model with the 28-
item of the PROMIS depressive symptoms bank (72% reduction with
SE(B) = 0.26; Choi et al., 2010) or with the 20-item unidimensional
model of externalizing disinhibition (70% reduction with an SE(8) of
0.34 under the assumption of normal distribution; Sunderland
et al.,, 2017). As for the bifactor model, our data are comparable with
those obtained by Sunderland et al. (2019) (67% reduction for SE
(8) = 0.27 on the general factor and SE(8) values of 0.66, 0.50, 0.45,
0.62 and 0.48 for the specific factors). As noted by several authors,
scores on the specific factors are always measured less accurately
than those on the general factor (Sahin & Gelbal, 2020; Seo &
Weiss, 2015). Moreover, the correlations of the sub-factors with
their respective true theta are usually lower. One possible reason
may be the very nature of the bifactor model, which requires factor
loadings on the general factor to be higher than those on the specific
factors (Reise et al., 2007).

Finally, the results show high correlations of the scores esti-
mated with the adaptive algorithms and the estimates based on the
full test, as well as correlations with external criteria almost equal to
those generated with the full test. The relationships found are similar
to those found in previous works (De la Rosa et al., 2020; Irak &
Albayrak, 2020; Sunderland et al., 2019; Watson et al., 2012; Wester
et al., 2022): both the general factor (internalizing) and GD are
closely related to scores for depression, anxiety, PTSD or OCD.

Overall, the results presented in this paper have additional ad-
vantages over previous CAT simulation works in that they use items
from the same instrument. This allows the items included in both
adaptive procedures to have the same response format and the same
time frame. In addition, for the generation of the bifactor algorithm,
the content of the items has been considered for the CAT application

process, this way ensuring proportionality of the dimension including

in the three subfactors (Chalmers, 2016). This allows the bifactor
adaptive version of the IDAS-II to represent an effective and repre-
sentative measure of the internalizing spectrum with its various sub-
factors.

Although the results presented here constitute a significant
contribution to the scientific literature, there are a number of limi-
tations that need to be considered. First, it should be noted that
these data are simulated, an thus not comprised with real applica-
tions. Although research has shown that CAT simulations are quite
similar and consistent with real applications (Kocalevent et al., 2009),
we are aware that the ‘real’ responses of participants may be affected
by different factors such as the environment, personal situation or
other possibly influencing aspects. Similarly, it would be interesting
for further studies to see to what extent the likely presence of mis-
matched response patterns may affect the accuracy and efficiency of
IDAS-CAT.

Second, comparable to CAT procedures on other variables (see,
for example, Choi et al., 2010; Peersmann et al., 2022; Sunderland
et al., 2019; Tsaouis et al., 2021), in our study, CAT provides greater
precision and efficiency for the core values of ability level. Thus, in-
dividuals measured with lower precision and requiring a higher
number of items tend to be those whom correspond to more extreme
values along the dimensional construct (being either well below or
well above the norm in terms of standard deviations). In our case, this
is especially true for people with low levels of internalizing or GD.
These considerations should be taken into account by future studies
with real applications of the CAT.

Future work could also be extended to explore both efficiency (in
terms of the number of items needed) and precision (in terms of the
measurement error achieved) when needing to place people above or
below a cut-off point. In this case, the selection of items would focus
on choosing the most discriminative items around that cut-off point.
This may predictably require a greater number of items and/or less
precision, especially for individuals whose values are far from the cut-
off point.

5 | CONCLUSIONS

Despite the limitations mentioned above, this work offers, through
the IDAS-CAT simulation, a useful, reliable and fast tool for
measuring the variables and dimensions included in the IDAS-II. It
can provide a fast and efficient evaluation that takes comorbidity of
internalizing disorders into account by measuring broad and specific
levels of psychopathology. Consequently, it can provide mental
health clinicians a comprehensive and efficient measure of the
internalizing spectrum. Moreover, it can also be used to screen for
individuals at risk for internalizing pathology in general the general
community and this way identify individuals in need of care. Inde-
pendent evaluations, with different samples and in real contexts, are
now needed to provide further information on its ecological validity
and corroborate the usefulness of a computerized adaptive version of
IDAS-II.
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