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Abstract

Background: Schizotypal traits in adolescents from the general population represent the behavioral expression of liability
for psychotic disorders. Schizotypy assessment in this sector of population has advanced considerably in the last few years;
however, it is necessary to incorporate recent advances in psychological and educational measurement.

Objective: The main goal of this study was to develop a Computerized Adaptive Test (CAT) to evaluate schizotypy through
‘‘The Oviedo Questionnaire for Schizotypy Assessment’’ (ESQUIZO-Q), in non-clinical adolescents.

Methods: The final sample consisted of 3,056 participants, 1,469 males, with a mean age of 15.9 years (SD = 1.2).

Results: The results indicated that the ESQUIZO-Q scores presented adequate psychometric properties under both Classical
Test Theory and Item Response Theory. The Information Function estimated using the Gradual Response Model indicated
that the item pool effectively assesses schizotypy at the high end of the latent trait. The correlation between the CAT total
scores and the paper-and-pencil test was 0.92. The mean number of presented items in the CAT with the standard error
fixed at #0.30 was of 34 items.

Conclusion: The CAT showed adequate psychometric properties for schizotypy assessment in the general adolescent
population. The ESQUIZO-Q adaptive version could be used as a screening method for the detection of adolescents at risk
for psychosis in both educational and mental health settings.
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Introduction

Schizotypy is a complex construct which is intimately related at

the historical, genetic, neurodevelopmental, neurocognitive, social,

emotional and psychophysiological levels to psychotic disorders

[1–3]. Independent follow-up studies indicate that adolescents

from the general population who report schizotypal experiences

such as magical thinking, hallucinatory experiences, delusional

ideation and/or anhedonia have a greater risk of transiting toward

schizophrenia-spectrum disorders [4–9]. Also, the subclinical

expression of the psychosis phenotype has been associated with

the same risk factors related to schizophrenia (e.g., cannabis use,

urbanicity, trauma, etc.) conferring aetiological validity on this

construct and suggesting a possible continuity between the clinical

and the subclinical psychosis phenotypes [10]. In this sense,

schizotypal traits in adolescence might represent the behavioral

expression of vulnerability for psychotic disorders in the general

population [11,12].

A current line of research in the psychosis field is based on the

idea that early detection, prevention and intervention in young

people at risk for psychosis could mitigate or reduce the impact the

disorder can cause on personal, familial, work and social spheres

[13,14]. Among other aspects, this fact has driven the construction

and validation of measurement instruments for the assessment of

schizotypy at early ages [15]. The aim of the psychometric high-

risk paradigm is the detection, by means of self-reports and based

on their score profiles, of those participants at risk for psychosis in

the future [16,17]. This paradigm is considered a reliable, valid

and useful method for the psychometric detection of individuals at

risk for psychosis. In comparison to other techniques, the use of

these tools constitutes a rapid, efficient and noninvasive method of

assessment. Moreover, it allows the study of symptoms that are

similar to those found in patients with schizophrenia while

avoiding the confounding effects frequently found in these

individuals (e.g., medication or stigmatization) [6,17,18].

The detection of these types of individuals at risk for psychosis,

whether in clinical or educational settings, requires having

adequate measurement instruments that allow us to make solid

and well-founded decisions based on the data. The Wisconsin

Schizotypy Scales [19] and the Schizotypal Personality Question-
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naire [20] are among the most utilized tools in the literature for

the assessment of this construct in adult populations. Likewise, and

given that adolescence is a developmental period of special risk for

psychosis and related disorders [21,22], efforts have also been

directed at the assessment of schizotypal experiences and traits in

this age group. Good examples of these self-reports are the Junior

Schizotypy Scales [23], or The Oviedo Schizotypy Assessment

Questionnaire (ESQUIZO-Q) [24]. The cited self-reports have

presented adequate psychometric properties under Classic Test

Theory (CTT); however, it is necessary to rigurously advance in

the assessment of this construct with the incorporation of

psychometric advances such as differential item functioning,

measurement invariance across age or cultures [25,26] or Item

Response Theory (IRT) [27].

IRT originates as a complementary psychometric model and

offers many advantages over CTT [28,29]. The IRT approach

along with computer implementation has changed the psycholog-

ical assessment panorama with new forms of measurement

emerging, such as Computerized Adaptive Testing (CAT) [30–

32]. In this regard, an interesting expansion has taken place as

shown by the CATs constructed in diverse areas as education (e.g.,

English) [33], health (e.g., quality of life) [34,35] or psychopathol-

ogy (e.g., depression, personality) [36,37]. CAT involves the

computerized administration of a test in which each item is

dynamically selected from a pool of items until a pre-specified

measurement precision is reached. CAT successively selects items

in order to maximize the precision of the measurement instrument

based on what is known about the person from previous items.

The essential idea is that when adjusting the items to the

competency (or latent trait) of the test taker, once these are

calibrated according to an IRT model far fewer items are needed

to assess individuals with precision in comparison to paper-and-

pencil tests. Thus, items and time are saved through the use of

precision and efficiency. In addition, this way of proceeding

further motivates the assessed subjects as the items they must

respond to are neither too easy nor too difficult, but rather are

adjusted to their latent-construct level [38]. Moreover, through

IRT, an Item Characteristic Curve (ICC) is constructed for each

item. This curve, or trace line, reflects the probability of the

person’s response to each item and his/her level on the latent

construct (e.g., schizotypy) measured by the scale. Furthermore,

IRT allows us to estimate the contribution each item makes to the

assessment for each level of the latent construct: the Information

Function. Standard error is inversely linked to the information

distribution used, and hence, the estimated standard error is

available for each assessment.

To date, a CAT for schizotypy assessment in the general

adolescent population has not been developed. Advances in the

measurement field, along with IRT, improve the precision in the

evaluation of this construct as well as its comprehension. Likewise,

the incorporation of more robust statistical models may allow

improvement in the detection procedures for this group of

participants at psychometric risk for psychosis. Within this

research context, the main goal of this study was to analyze the

psychometric properties and efficiency of a hypothetical CAT to

assess schizotypy, via ESQUIZO-Q, in a representative sample of

adolescents from the general population. Its psychometric quality

and efficiency was examined in its two modalities, both for a

polytomous response format as well as a dichotomous response

format, comparing the estimates obtained with the classic paper-

and-pencil test to those obtained with the CAT.

Methods

Participants
Two stratified random cluster samplings were carried out at the

classroom level in a population of approximately 37,000 students

selected from the Principality of Asturias (a region in northern

Spain) during two academic years (2008–2009 and 2009–2010).

Other data from this research has been published elsewhere

[24,39]. The students were from various public and state-

subsidized secondary schools and vocational training centres, as

well as from a wide range of socio-economic levels. The strata

were created on the basis of geographical zone (East, West, Centre

and Mining area) and educational stage (compulsory – to age 16–

and post-compulsory). The likelihood of a school being included

was directly proportional to the number of students in it. The final

sample was made up of N = 3,056 participants, 1,496 boys

(48.1%). The mean age was 15.9 years (SD = 1.2), with an age

range of 14 to 18 years. The sample distribution according to age

was the following: 14 year olds (N = 400; 13.1%), 15 year olds

(N = 780; 25.5%), 16 year olds (N = 885; 29%), 17 year olds

(N = 703; 23%) and 18 year olds (N = 288; 9.4%).

Instruments
The Oviedo Schizotypy Assessment Questionnaire (ESQUIZO-Q) [24]

is a self-report composed of 51 items in a 5-point Likert-type

response format (1 = ‘‘completely disagree’’; 5 = ‘‘completely agree’’)

designed to assess schizotypal traits and experiences in adolescents.

The ESQUIZO-Q is based on the diagnostic criteria proposed in

the DSM-IV-TR [40] and on Meehl’s schizotaxia model [41]

regarding genetic predisposition to schizophrenia. The ES-

QUIZO-Q comprises a total of 10 subscales: Ideas of Reference,

Magical Thinking, Unusual Perceptual Experiences, Odd Think-

ing and Language, Paranoid Ideation, Physical Anhedonia, Social

Anhedonia, Odd Behavior, Lack of Close Friends and Excessive

Social Anxiety. These subscales are grouped into three general

dimensions: Reality Distortion, Anhedonia, and Interpersonal

Disorganization. The psychometric properties of the ESQUIZO-

Q have been extensively analyzed under CTT. The general

schizotypy dimensions have been empirically derived through

exploratory factor analyses and a rigorous process of item

treatment according to international standards. No item in the

ESQUIZO-Q showed differential functioning for gender. Internal

consistency levels for the ESQUIZO-Q subscales ranged from

0.62 to 0.90 [39,42]. Items of the ESQUIZO-Q are available as

Supporting Information S1.

The Oviedo Infrequency Scale (INF-OV) [43] is a 12-item self-report

with a 5-point Likert-type rating scale format (1 = ‘‘completely

disagree’’; 5 = ‘‘completely agree’’). Its goal is to detect participants who

respond randomly, pseudorandomly or dishonestly on self-reports

(e.g., ‘‘The distance between Madrid and Barcelona is greater than between

Madrid and New York’’). This type of self-report is frequently used in

studies on psychosis proneness in both clinical and non-clinical

populations. Once the answers were dichotomized, students with

more than 2 incorrect responses on this self-report were removed

from the study. A total of 94 participants presented a score above

two points on the INF-OV. No statistical differences were found

between the group of participants who obtained more than two

points on the INF-OV and the final sample.

Ethic Statement
Written informed parental/guardian consent was obtained for

all minors involved in the study. The study is part of a wider

investigation on the detection and early intervention in psycho-

logical disorders in adolescence and was approved by the Research

Computerized Adaptive Test
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and Ethics Committees at the University of Oviedo and the

Department of Education of the Principality of Asturias.

Procedure
The administration of the questionnaires was conducted in a

collective manner in groups of 10–35 students during the school

schedule and in a room prepared for this purpose. The study was

presented to participants as an investigation regarding diverse

personality characteristics, assuring participants of the confiden-

tiality of their answers as well as the voluntary nature of their

participation. The completion of the questionnaires was conducted

under the supervision of a researcher at all times.

Data Analyses
First, the descriptive statistics for the ESQUIZO-Q subscales

and second-order dimensions were calculated under CTT. Then,

the calibration of the parameters of the 51 items in the

ESQUIZO-Q under IRT was performed. For this purpose,

Samejimas Graded Response Model (GRM) [44] and the two

parameter logistic model (2PL) [45] were used. For the psycho-

metric calibration of the ESQUIZO-Q items, several analyses

were conducted: a) unidimensionality; b) local independence; c)

monotonicity; d) model fit of GRM; and e) DIF by gender. In

regard to the unidimensionality of the ESQUIZO-Q items, it can

be assumed that the original 51-item pool is not unidimensional.

This fact will negatively influence the psychometric functioning of

the CAT, which is based on the unidimensionality assumption. In

this sense, several analyses were performed using the item bank.

First, 51 items were calibrated, and second, 9 items and then 2

items were removed successively and iteratively depending on the

fit to the data, the standard error estimation and inspection of the

ICC. From a psychometric viewpoint, it is interesting to analyze

test scores under a dichotomous-type and Likert format as it can

be observed that the number of response categories of items affects

the metric properties of the measurement instruments [46,47]. At

the same time, in psychopathology measures, the response format

that is more frequently used is the dichotomous type. The study of

both types of formats allows us to make comparisons and observe

levels of precision under CTT and IRT. In this study, the Likert

format responses were dichotomized once the ESQUIZO-Q was

administered (values 1–3 codified as ‘‘0’’ and values 4–5 as ‘‘1’’).

The value h (theta) represents participants scores on the latent

construct (schizotypy), parameter a (or slope) is related to the items

discriminative power and parameter b (or location) to item

threshold or difficulty level. A steeper slope indicates a closer

relationship to the construct and therefore a more discriminating

item. The larger the location parameter, the more of the measured

construct a respondent must have to endorse that item. In the

GRM, the number of estimated b parameters is equal to the item

response category number minus one. In an item with a Likert

response format with five options, the number of estimated b(k)

parameters would be four. Each b(k) parameter indicates the

probability of stepping from a lower category to a higher category.

The 2PL model is used to calibrate the items of a dichotomous

nature (e.g., Yes/No). The GRM is a model of IRT for

polytomous data, and is a generalization of the 2PL model. In

the 2PL model, discrimination parameter a and difficulty

parameter b can also be estimated. Given that it is utilized for

dichotomous models, the estimated number of parameter b is one.

Finally, with respect to CATs, a simulation study was

conducted. First, we used our own software with client-server

technology for the implementation of two algorithms, one for

polytomous data and another for dichotomous data [28]. The

algorithm, which is common to both models, behaves in the

following manner: 1) initially, we start from an estimated b

parameter (1) which we assume as the population measure; 2) with

the aim of estimating the following h value, the item that provides

the greatest information value for this h is selected and is presented

to the participant to be responded to; 3) once we obtain the

response of the participant, it is used to obtain, through the

Maximum Likelihood procedure [48], a new estimation of h as

well as the corresponding standard error estimation (SE); and 4)

steps 2 and 3 are repeated until the SE value is below an

established value, usually 0.30. The criteria SE = 0.30 corresponds

to a reliability of p = 0.9 (p = 1-SE2) [49].

Second, the study was performed using CAT in its two

modalities, dichotomous and polytomous. Also, we used two

stopping rule criteria (SE ,0.30; SE ,0.50) for illustrative

purposes. The stopping rule used was the pre-specified level of

measurement precision. The incorporation of the two stopping

rule cut-offs allows us to examine the degradation effect in the

functioning of the CAT. It is obvious that reliability decreases as

the CAT uses a stopping rule with a higher standard error. The

same items given by participants in the classic paper-and-pencil

test were used as inputs. Two analyses were conducted: a) one of

simulation calibrating the CAT items from the total sample of

3,056 cases to subsequently select a subsample of 500 random

cases that served as inputs for the CATs; and b) an initial sample of

3,056 cases was subdivided into two random and independent

subsamples, one of 500 cases that served as a sample for the

administration of the CATs and another of 2,556 participants that

was used to establish the estimated parameters of the CAT items.

Extracting the 500 cases that were used for the administration of

the CATs from the same sample used to calibrate the items (3,056

cases in our study) may lead to capitalization on chance providing

a flattering outcome [36]. Although the initial sample we started

with was sufficiently large to guarantee the representativeness of

the item parameters of the CAT, we proceeded to conduct the

study dividing the initial sample into two differentiated and totally

independent parts. SPSS 15.0 [50], Parscale [51] and Multilog 7.0

[48] were used for statistical analyses.

Results

Descriptive Statistics
Table 1 shows the descriptive statistics for the subscales and

general schizotypy dimensions of the ESQUIZO-Q in the total

sample, under CTT. As can be observed, the levels of internal

consistency of the subscales and second-order dimensions of the

ESQUIZO-Q ranged from 0.61 to 0.87.

Parameter Estimation Under IRT
Table 2 shows the 5 estimated parameters corresponding to

GRM as well as the l value of each item in this order. This value

(l= a/!(1+a2)) is interpreted as the degree of relationship that

exists between h (latent trait) and S (variable underlying the item).

Likewise, the estimated values corresponding to the 2PL model

can be observed. For example, within the 2PL model it can be

seen that the item with a parameter was 50, whereas the item with

the greatest b parameter was 41.

ESQUIZO-Q Computerized Adaptive Testing
The random subsample of 500 participants obtained from the

initial sample of 3,056 participants was used to calibrate the 51

items of the CATs. The h for each participant was estimated both

for the polytomous and dichotomous CAT. In Figure 1, the

Information Function that corresponds to both models used, as

well as the estimated h values in relation to the number of items

Computerized Adaptive Test
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presented to reach the cut-off criterion of SE ,0.30 (stopping rule

of the CAT) is shown. As can be seen in this Figure, the

Information Function of the polytomous model provides more

information for a greater value range than the dichotomous

model. Both functions provide optimal estimations in those

adolescents with high latent-trait values (schizotypy).

With the aim of checking the validity of the CATs, the total

scores on the pencil-and-paper ESQUIZO-Q were correlated with

the two modalities of the CAT. As can be observed in Figure 2, the

correlations between the ESQUIZO-Q total score and the

estimated h for the polytomous CAT was 0.92. In the case of

the dichotomous CAT (see Figure 3), the correlation between

them was 0.88. It is worth mentioning that the value of the

Pearson correlation between the ESQUIZO-Q polytomous and

dichotomous total scores, according to CTT, was 0.82.

Table 3 shows the mean number of items used and the

percentage of cases that exhaust the item pool of the CAT as a

function of the stopping rule. In addition, the correlation between

the CAT and the ESQUIZO-Q total score (pencil-and-paper

version) is also presented in function of the response format

(dichotomous and polytomous) and the two stopping rules (SE

,0.30 vs. SE ,0.50). The incorporation of the two stopping rule

cut-offs allows us to examine the degradation effect in the

functioning of the CAT. As can be observed, if the stopping rule

adopted is SE ,0.30, with the polytomous CAT, 199 cases (40%)

of the 500 randomly selected obtain precise trait estimations with a

number of items below 51. In the case of the dichotomous CAT, it

rises to 303 cases of the 500 (60%). The mean number of necessary

items to achieve a reliable estimation of the 199 cases with the

polytomous CAT was 3466 items, whereas the 304 cases of the

dichotomous CAT require a mean number of 1769 items. The

correlation between the dichotomous and polytomous CAT was

0.60.

With the aim of optimizing the CAT, we proceeded to calibrate

the item pool of the CAT disregarding 9 items that presented a

poor fit to the data. These items were related to the Anhedonia

dimension of the ESQUIZO-Q. The selection of these items was

conducted attending, on the one hand, to the examination of the

SE of the item parameters as well as to the visual inspection of the

ICC. The correlation found between the polytomous 42-item

CAT total score and its total score was 0.91. When two

independent and random samples were utilized, one with 2,556

cases to calibrate the items, and the other with 500 cases to use as

inputs in the CATs, and fixing the SE ,0.30, the correlation

between the ESQUIZO-Q and the 42-item polytomous CAT total

scores decreased to 0.58. If we discard those cases in which the

CAT exhausts the 51-item pool before reaching a reliable

estimation (termination criterion), the correlation rises to 0.86.

This disparity in the correlations with respect to the study, in

which only one sample was used, may be attributed to the

distortion of the item parameters as a consequence of the

substantial reduction of 500 items from the initial sample.

With the objective of counteracting the effect that occurred

previously due to the reduction of sample to calibrate the data, we

proceeded to eliminate from the item pool all those items that,

according to the visual inspection of their ICC and standard

errors, presented a worse fit to the data. A total of 11 unfit items

were eliminated and the item pool was once again calibrated, now

with 40 items. The obtained results are similar to those obtained

with the original 51 item pool and with a single sample. The

correlation between the polytomous ESQUIZO-Q (paper-and-

pencil-test) with the h estimation with the polytomous CAT

exhausting the item pool of 40 elements was 0.92, whereas that

corresponding to the relationship conventional dichotomous test

versus dichotomous CAT was 0.82. Likewise, when using the

polytomous CAT, an average of 3467 items were needed if the

cases in which the 40 exhausted pool items are included, but only

2765 of the 40, if we only consider those tests that achieve the

established cut/off criterion.

Discussion and Conclusions

The field of schizotypy assessment has considerably advanced in

the last two decades. Also, there have also been numerous

advances in the field of measurement as well as educational and

psychological assessment [52–54]. In this regard, the psychometric

Table 1. Descriptive statistics for the subscales and the dimensions of the Oviedo Questionnaire for Schizotypy Assessment
(ESQUIZO-Q).

Subscales N6 Items M SD Asymmetry Kurtosis Range
Alpha
Cronbach

Ideas of Reference 4 6.16 2.61 1.42 2 4–20 0.70

Magical Thinking 5 7.69 3.04 1.36 1.88 5–25 0.67

Unusual Perceptual Experiences 7 10.38 4.36 1.84 4.06 7–35 0.79

Paranoid Ideation 5 8.10 3.31 1.3 1.77 5–25 0.74

Physical Anhedonia 4 7.82 2.64 0.7 0.61 4–20 0.60

Social Anhedonia 5 7.62 2.42 1.09 1.27 5–19 0.61

Odd Thinking and Language 6 13.96 4.71 0.39 20.27 6–30 0.77

Odd behavior 4 6.93 2.88 1.27 1.7 4–20 0.68

Lack of Close Friends 4 9.57 3.71 0.39 20.45 4–20 0.63

Excessive Social Anxiety 7 15.09 5.19 0.71 0.41 7–35 0.78

Dimensions

Reality Distortion 21 32.34 10.39 1.39 2.76 21–97 0.84

Anhedonia 9 15.43 4.1 0.78 0.95 9–35 0.66

Interpersonal Disorganization 21 45.56 11.83 0.45 0.1 21–93 0.87

doi:10.1371/journal.pone.0073201.t001
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Table 2. Estimated parameters of the 51 items according to Samejima’s Graded Response Models (GRM) and the two-parameter
logistic model (2PL).

GRM 2 PL

Items a b(1) b(2) b(3) b(4) l a* b*

1 0.28 2.34 8.72 14.1 17.7 0.27 0.68 5.73

2 0.34 1.13 7.39 12 15.1 0.32 0.61 6.6

3 0.93 20.74 0.65 1.94 3.26 0.68 1.24 1.28

4 0.68 22 20.1 1.6 4.01 0.56 1 0.9

5 1.04 0.74 2.24 3.13 4.21 0.72 1.35 2.28

6 1.06 0.83 2.11 3.11 4.12 0.73 1.25 2.44

7 1.49 0.92 1.64 2.04 2.82 0.83 1.72 1.54

8 075 1.12 2.39 4.14 5.85 0.6 1.07 2.78

9 0.7 22.45 20.4 1.56 3.67 0.57 1.19 0.75

10 0.71 0.24 1.77 3.26 5.17 0.58 2.03 2.03

11 1.18 0.41 1.53 2.96 3.9 0.76 1.43 2.25

12 1.45 0.26 1.06 1.94 2.86 0.82 1.78 1.39

13 0.42 2.34 7.14 10.4 12.1 0.39 0.81 5.25

14 1.07 0.56 1.7 2.69 3.64 0.73 1.65 1.69

15 0.75 21.23 0 1.05 2.98 0.6 1.07 0.53

16 0.69 22.5 20.4 1.6 4.39 0.57 1.08 0.85

17 1.55 0.47 1.31 2.07 2.82 0.84 1.98 1.47

18 1.19 20.91 0.25 1.39 2.64 0.77 1.94 0.75

19 0.71 21.56 20.1 0.91 2.55 0.58 0.91 0.91

20 0.75 20.17 1 1.95 3.5 0.6 1.04 1.22

21 1.4 1.03 1.97 2.99 3.55 0.81 1.55 2.44

22 0.16 23.44 3.44 14.1 18.2 0.16 0.22 10.4

23 1.16 21.28 0 1.13 2.5 0.76 1.67 0.61

24 1.11 0 0.97 1.92 2.79 0.74 1.34 1.35

25 1.03 0.47 1.41 2.59 3.76 0.72 1.48 1.69

26 0.71 21.4 20.17 0.81 2.34 0.58 0.93 0.37

27 0.35 20.1 3.99 7.91 10.43 0.33 0.55 4.85

28 2.14 1.29 1.91 2.39 2.76 0.91 2.23 1.97

29 0.95 0.05 1.26 2.29 3.69 0.69 0.21 1.62

30 198 1.24 1.85 2.33 2.87 0.89 2.69 1.66

31 0.86 1.4 0.19 1.84 3.66 0.65 1.37 1.02

32 2.32 1.2 1.96 2.45 2.87 0.92 2.94 1.84

33 1.07 20.3 1.08 2.35 3.77 0.73 1.58 1.49

34 1.87 0.43 1.42 2.48 3.35 0.88 2.67 1.73

35 1.6 0.44 1.31 2.18 2.94 0.85 2.2 1.5

36 1.47 0.26 1.31 2.22 3.05 0.83 1.82 1.63

37 0.15 27.7 0.58 10.63 15.09 0.15 0.16 9.87

38 1.74 0.51 1.47 2.26 2.93 0.87 2.11 1.69

39 1.65 0.35 1.19 1.8 2.56 0.86 1.8 1.38

40 0.34 1.26 7.3 10.54 12.72 0.32 0.47 7.43

41 0.18 21.7 6.75 15.64 20.39 0.18 0.27 10.5

42 1.15 20.4 1.04 2.28 3.64 0.75 1.61 1.51

43 0.27 3.84 10.81 15.47 17.47 0.26 0.41 10

44 1.27 0.82 1.71 2.54 3.4 0.79 1.41 2.02

45 1.62 0.6 1.33 1.89 2.73 0.85 1.76 1.47

46 1.34 0.57 1.76 3.23 4.25 0.8 1.72 2.39

47 1.91 0.92 1.86 2.68 3.21 0.89 2.03 2.23
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identification of individuals at risk for psychosis, especially

adolescents, must be nourished by incorporating the recent more

modern measurement models as well as the new information

technology. Computerized Adaptive Testing (CAT) is a relatively

recent innovation that opens up new possibilities in personality

and psychosis assessment. These incorporations will favor the

assessment of the extended psychosis phenotype in a more

objective and rigorous manner as well as the delimitation and

understanding of the construct.

The main goal of this study was to develop and analyze the

psychometric properties and efficiency of the CAT of schizotypy

measured through the ESQUIZO-Q [24] in a representative

sample of non-clinical adolescents. The results showed that the

ESQUIZO-Q is a self-report with adequate psychometric

properties both under Classical Test Theory (CTT) and Item

Response Theory (IRT), and that it can be used for schizotypy

assessment in adolescents. Likewise, the present study showed that

CAT can be used for the assessment of adolescents with high

scores on the latent trait (schizotypy) and that an improvement in

efficiency takes place when administering the measurement

instrument in its computerized adaptive version. These data

support the validity of the ESQUIZO-Q for its use in adolescent

populations and suggest the necessity of applying CAT in a real

context.

From a strictly psychometric point of view, the essential

objectives of this study were centered on exploring the psycho-

metric properties of a hypothetical CAT for the assessment of

schizotypy and, at the same time, comparing the performed

estimations under the IRT framework with those obtained

according to CTT. Although the results obtained in this study

Table 2. Cont.

GRM 2 PL

Items a b(1) b(2) b(3) b(4) l a* b*

48 1.28 0.58 1.66 2.51 3.57 0.79 1.67 1.78

49 1.7 0.57 1.16 1.62 2.35 0.86 1.83 1.22

50 1.93 1.1 1.91 2.63 3.29 0.89 3 1.77

51 1.54 1.53 2.4 3.3 3.88 0.84 2.25 2.26

Note. a: Item discriminative power according to the MRG; b(k): Item difficulty index; l: (l= a/!(1+a2)) degree of relationship between h and the continuous variable
underlying the item;
a*: item discrimination parameter;
b*: item location parameter.
doi:10.1371/journal.pone.0073201.t002

Figure 1. Information Functions of the item pool with polytomous and dichotomous data and number of items utilized in each CAT
for the h estimation.
doi:10.1371/journal.pone.0073201.g001
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when comparing the efficiency of the computerized version with

the paper-and-pencil ESQUIZO-Q are promising, there are at

least two important limitations. First, we start with a measurement

instrument originally designed to be administered according to

CTT, with 51 items that aim to assess the complex construct of

schizotypy [1–3]. The structure of this construct is multidimen-

sional, just as described in previous factorial studies analyzing the

internal structure of the ESQUIZO-Q [39]. According to this, it

can be assumed that the original 51-item pool from which we start

is not unidimensional and will negatively influence the psycho-

metric functioning of the CAT, which is based on the unidimen-

sionality assumption [55]. Despite efforts to control this limitation

by exploring the possibility of using sub-pools of items grouping

clearly unidimensional items according to substantive criteria, we

abandoned this purpose given the reduced number of items in the

item pool we initially had to work with. This would lead us to work

with item banks not higher than 20 items.

It is very interesting to compare the results presented herein

with previous CAT and personality studies. For example, Frobey

and Ben-Porath [37] used the MMPI-2 in its adaptive version

analyzing its functionality with the IRT method and the

countdown method. The countdown method classifies individuals

into one of two groups (elevated or not elevated) on the basis of

whether they exceed or do not exceed a cut-off criterion on a given

scale. The cut-off criterion is typically the raw score that

corresponds to a clinical elevation (e.g., individuals at high risk

for psychosis) on a given scale. For example, in a 10-item subscale,

scoring 5 items or more in the true direction is required to reach a

clinically high or significant score. It would be interesting to

administer this method in the assessment of the psychotic

phenotype especially when the measured construct is frequently

of a multidimensional nature. In spite of these limitations, in our

opinion the administration of the CAT is adequate if we consider

that among the three dimensions of the ESQUIZO-Q, there is a

central and dominant latent trait. In this sense, 42 items of the

ESQUIZO-Q are directly related to Positive and Interpersonal

Disorganization dimensions that in non-clinical adolescents are

highly overlapped [39].

Second, we start with an item pool of 51 items that have the

Information Function located in high levels of the latent trait

(around h = +2). This fact regarding the item bank hinders precise

estimations both above and below this h value. In this sense, only

participants who score high on this latent trait will obtain reliable

estimations with the CAT, whereas those participants with a lower

or much higher score on the trait will exhaust the CAT item pool

without reaching the appropriate termination criteria. Therefore,

Table 3. Mean number of items used and percentage of items that exhaust the CAT item bank and correlation between the CAT
and the complete test score in function of the type of CAT and stopping rule.

Stopping
Rule CAT Items Number of items used

% of CATs that exhaust the
bank before reaching the
stopping rule

Correlation CAT
and ESQUIZO-Q
(pencil-and-paper)
score

Mean* SD*

SE(h) ,0.30 Polytomous 44 (34) 9 (6) 301 of 500 (60%) 0.92

Dichotomous 30 (18) 19 (9) 197 of 500 (39%) 0.88

SE(h) ,0.50 Polytomous 18 (15) 12 (8) 42 of 500 (8.4%) 0.83

Dichotomous 18 (15) 17 (14) 91 of 500 (18%) 0.58

Note. SE = Standard Error Estimation; h = Latent trait.
*In parenthesis, the number of items used without taking into account those cases that exhaust the item pool before reaching the established cut-off criterion.
doi:10.1371/journal.pone.0073201.t003

Figure 2. Correlation between the polytomous test total score
and the score obtained with the polytomous CAT. Note: MRG:
Graded Response Model.
doi:10.1371/journal.pone.0073201.g002

Figure 3. Correlation between the dichotomous total test score
and the score obtained with the dichotomous CAT.
doi:10.1371/journal.pone.0073201.g003
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the h estimations obtained would present serious imbalances,

undermining the reliability estimations of the measurement

instrument. Previous studies have found similar results when

estimations of schizotypy are conducted under the IRT viewpoint

[27,56]. For example, Kin et al., [56] using the Magical Ideation

Scale (MIS) in a sample of Korean adolescents, found that the MIS

scores provided greater information for high scores on the

schizotypy latent trait. Similar results are found when the

information functions are analyzed with Wisconsin Schizotypy

Scales in young adults [27]. This is an interesting fact as it allows

us to assess young participants at high risk for psychosis with

greater precision at the high end of the latent trait. Since the study

of the psychosis phenotype is a very relevant issue on an

international level, and considering that there are some issues of

controversy and debate (e.g. attenuated psychosis syndrome), it

would be interesting to incorporate these advances in applied

research with the aim of improving strategies in early detection,

identification, intervention and monitoring.

According to the results found in this study, there is no doubt

that the polytomous CAT obtains better correlations with the total

score of the classic test than those obtained by the dichotomous

test. Although, a priori, this superiority was predictable, with the

obtained results, we cannot clearly assert that the differences found

between the dichotomous and polytomous models are real. This is

due to the fact that dichotomous scores were obtained collapsing

the lower (1, 2 and 3 = 0) and higher (4 and 5 = 1) categories of the

polytomous responses once the polytomous test was administered.

Thus, this artificial dichotomization of the ESQUIZO-Q scores

sacrifices information in favor of the CAT administration process.

At this point, it is worth mentioning that studies in the field of

educational measurement have found that ability estimates

resulting from polytomous scoring had slightly higher measure-

ment precision than those resulting from dichotomous scoring

[57].

The results of the psychometric properties of the CATs, after

separating the calibration sample of the items (n = 2556) from the

participant sample (n = 500) used for the administration of these

CATs, seem to support the initial assumptions: the correlations

found are similar to those found in the case of a single sample. In

our opinion, the reason for this fact is due to the considerable size

of the initial sample which favors the invariance of the item

parameters on the one hand and, on the other hand, the

robustness of the assumptions that the IRT takes as a starting point

(local independence, and unidimensionality) [29,55]. The final

conclusions of this study lead us to consider these CATs as an

interesting alternative in the administration of the ESQUIZO-Q

given the resources saved with their application [34], as well as the

validity of the estimates obtained with this procedure [58].

Adolescence is an interesting period for the early detection and

identification of serious mental disorders, such as in the case of

psychosis, as well as for the study of risk and protection markers.

Both from a clinical and a research perspective, it is of great

importance to have at our disposal measurement instruments that

are brief, easy and of rapid application to use as screening methods

for the detection and posterior preventive intervention of

participants who are at risk for psychosis. The results obtained

from studies on the psychometric high-risk paradigm have

important practical implications. Measuring instruments such as

ESQUIZO-Q can be used as screening tools in both educational

and clinical settings. The assessment of schizotypal experiences

and traits could be carried out within a multi-step process. In the

first phase, we would detect those participants with a hypothetical

liability to schizophrenia-spectrum disorders, based on self-report

scores. Then, in a second step, there would be a more

comprehensive psychological and medical assessment. In this

phase, the preoccupation, conviction and stress associated to these

experiences should be evaluated. Also, other risk factors of

psychosis such as affective dysregulation, genetic liability (e.g.

first-degree relatives of patients), cannabis use, trauma, or coping

strategies would be evaluated. At this stage, information from

other sources close to the individual, such as parents, close friends

or teachers, can also be gathered in a multi-informant assessment.

Finally, participants could be sent to a specialized mental health

care center to receive prophylactic treatment. This multi-step

process is just one possible way, as it may be in the case of a

participant who is sent directly to a mental health care center due

to the severity of his/her psychopathological signs and symptoms.

The results found in the present study should be interpreted in

light of the following limitations. First, the sample used in this

study corresponds to Spanish adolescents and, thus, caution should

be exercised when generalizing the data to other populations of

interest. Second, the extracted conclusions are founded exclusively

on a self-report and there is no doubt that the use of external

informants such as parents or teachers via hetero-reports would

have been interesting. Third, the study developed here is a

simulation for which the results found should be understood as

approximations. Fourth, schizotypal experiences must always be

analyzed within a biopsychosocial model. The additive or synergic

interactions between schizotypal experiences and genetic, chem-

ical, cognitive and social factors are relevant and interesting with a

view to understanding and explaining the transition to the clinical

disorder [11]. Fifth, no information was gathered regarding the

participants psychiatric morbidity or the use or abuse of

substances, aspects that may be partially modulating the obtained

results.

In conclusion, this study indicates that there is a potential for the

development of adaptative tests for psychosis phenotype assess-

ment; however, there is still much work to be done. With respect to

the possible future application of CAT for the assessment of

schizotypy, multiple and interesting lines of research are opened.

One of these is oriented toward exploring the frequency of the

presentation of items in the CAT with the aim of advancing, if

possible, in the optimization of its functioning. Another is to

investigate the possibility of using the computer adaptive

procedure as an initial screening test in the general adolescent

population.
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94–107.

55. Van der Linden WJ, Hambleton RK (1997) Handbook of Modern Item

Response Theory. Nueva York: Springer.

56. Kim Y, Chang JS, Hwang S, Yi JS, Cho IH, et al. Psychometric properties of

Peters et al. Delusions Inventory-21 in adolescence. Psychiatry Research In

press. doi:pii: S0165-1781(12)00476-3. 10.1016/j.psychres.2012.09.002.

57. Jiao H, Liu J, Haynie K, Woo A, Gorham J (2012) Comparison between

dichotomous and polytomous scoring of innovative items in a large-scale

computerized adaptive test. Educational and Psychological Measurement 72:

493–509.

58. Rebollo P, Garcı́a-Cueto E, Zardaı́n P, Cuervo J, Martı́nez I, et al. (2010)

Desarrollo del CAT-Health, primer test adaptativo informatizado para la

evaluación de la calidad de vida relacionada con la salud en España

[Development of the CAT-Health, the first adaptive computerized test (CAT)

for the evaluation health-related quality of life in Spain]. Medicina Clı́nica 133:

241–251.

Computerized Adaptive Test

PLOS ONE | www.plosone.org 9 September 2013 | Volume 8 | Issue 9 | e73201


