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Chapter 2 

The Prodromal Questionnaire: a case for IRT-based 
adaptive testing of psychotic experiences? 

 

 

 

A version of this chapter was published as: 

van Bebber, J., Wigman, J.T.W., Meijer, R.R., Ising, H.K., van den Berg, D., Rietdijk, J., Dragt, S, 
Klaassen, R., Niemann, D., de Jonge, P., Sytema, S., Wichers, M., Linszen, D., van der Graag, M., and 
Wunderink. L. (2016). The Prodromal Questionnaire: a case for IRT-based adaptive testing of 
psychotic experiences? International Journal of Methods in Psychiatric Research, 26(2); DOI: 
10.1002/mpr.1518. 

 

 

Abstract 

Computerized adaptive tests (CATs) for positive and negative psychotic experiences were developed 

and tested in N = 5705 help-seeking, non-psychotic young individuals. Instead of presenting all items, 

CATs choose a varying number of different items during test administration depending on 

respondents’ previous answers, reducing the average number of items while still obtaining accurate 

person estimates. We assessed the appropriateness of two-parameter logistic models to positive and 

negative symptoms of the Prodromal Questionnaire (PQ), computed measurement precision of all 

items and resulting adaptive tests along psychotic dimensions by Real Data Simulations (RDS), and 

computed indices for criterion and predictive validities of the CATs. For all items, mean absolute 

differences between observed and expected response probabilities were smaller than .02. CAT-POS 

predicted transition to psychosis and duration of hospitalization in individuals at-risk for psychosis, 

and CAT-NEG was suggestively related to later functioning. Regarding psychosis risk classifications of 

help-seeking individuals, CAT-POS performed less than the PQ-16. Adaptive testing based on self-

reported positive and negative symptoms in individuals at-risk for psychosis is a feasible method to 

select patients for further risk classification. These promising findings need to be replicated 

prospectively in a non-selective sample that also includes non-at-risk individuals. 
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2.1 Introduction 
To enable timely intervention in psychosis, its early detection is important (McGorry, Killackey, & 

Yung, 2008; McGorry, Yung, & Phillips, 2003). Therefore, 

effective screening tools for early expressions of psychosis that can be implemented easily at entry 

into the medical care system. This study investigated the psychometric properties of the Dutch 

version of the Prodromal Questionnaire (PQ-92; Loewy, Bearden, Johnson, Raine, & Cannon, 2005), a 

screening instrument for psychosis, in order to explore the possibility of building computerized 

adaptive tests (CATs). Adaptive tests are appealing, because they are short and a large number of 

domains of psychopathology may be assessed without the need to administer hundreds of items. 

 

2.1.1 At risk for psychosis  
There is increasing evidence supporting a continuous view on psychosis (Hanssen,2004; Johns & van 

Os, 2001; Van Os et al., 1999; Van Os, Hanssen, Bijl, & Ravelli, 2000; Van Os, Linscott, Myin-Germeys, 

Delespaul, & Krabbendam, 2009; Wigman, 2011). This continuum of psychotic severity ranges from 

normality through schizotypy to full blown clinical psychotic disorder. Much research focused on the 

ed the ultra-high-risk (UHR) period. Individuals at 

-risk mental state (ARMS; Yung et al., 1996, 1998, 

2005b) criteria: (i) attenuated positive symptoms (APS group), (ii) brief limited intermittent psychotic 

relative with any psychotic disorder or having a diagnosis of schizotypy (genetic risk group). In 

addition, individuals must either report persistently low levels of functioning or a recent substantial 

decline in functioning (van der Gaag et al., 2012) to meet ARMS criteria (McGorry et al., 2003). 

Adequate recognition of ARM

behavioral therapy (van der Gaag et al., 2012) as soon as possible, thereby delaying or even 

hermore, recognizing individuals at UHR may 

substantially shorten the duration of untreated psychosis (DUP) should these individuals transition to 

initiation of adequate treatment (Marshall et al., 2005), and shorter DUP is associated with better 

prognosis (Chang et al., 2012a, 2012b, 2013; Wunderink, Sytema, Nienhuis, & Wiersma, 2009). In 

self-report inventories of psychotic symptoms and then, if they score above a cutoff, assess semi-

structured interviews that tap the same symptom dimensions more in-depth. This two-stage strategy 

 well between 
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individuals who do or do not develop psychosis according to diagnosis by psychiatrists (Loewy et al., 

2005; Miller et al., 2002; Yung et al., 2003). 

 

2.1.2 The Prodromal Questionnaire 
The PQ-92 is a self- -92 items are clustered into four 

domains: positive symptoms (45 items), negative symptoms (19 items), disorganized symptoms (13 

items), and general symptoms (15 items). In this paper, we focus on the positive (PQ-92-POS) and 

negative (PQ-92-NEG) symptom dimensions. Positive symptoms are highly predictive (Ising et al., 

2012; Loewy et al., 2005) of the differentiation between healthy and ARMS/psychosis as assessed by 

structured interviews (Miller et al., 2002; Yung, et al., 2005a). Negative symptoms are predictive of 

later social and vocational functioning (Lin et al., 2011; Pogue-Geile & Zubin, 1987). The PQ-16 is a 

shortened version of the original questionnaire (Ising et al., 2012) 

discriminate optimally between normal and ARMS/psychosis mental states according to the 

comprehensive assessment of at-risk mental state (CAARMS). It contains those 16 items of the PQ-92 

 

 

2.1.3 Computerized Adaptive Testing (CAT) and Item Response Theory (IRT) 
The aim of CAT is to obtain the same measurement precision using fewer items than the original 

instrument (Wainer, 2010). In clinical applications of CAT, the intensity level of the items to be 

administered is tailored to the estimated levels of psychopathological symptom experiences of 

respondents. That is, in case of dichotomous items, the objective of the algorithm is to present 

items for which respondents have a chance of approximately 50% of endorsing the item. An 

advantage of CAT in measuring psychosis is that mainly symptoms are selected that match a patient’s 

severity level, resulting in short questionnaires. Item selection is an iterative process: with each 

symptom administered, an improved estimate of an individual’s symptom severity level is obtained 

and the next symptom to be administered is the one that yields the most information regarding this 

individual estimate. This process continues until a certain stop criterion is reached, usually a 

predetermined level of accuracy, expressed as a maximum tolerable standard error (SE) for the 

purpose of testing. Further illustration of the principle of adaptive testing is given in the Appendix. 

Adaptive testing is usually based on item response theory (IRT) (Embretson & Reise, 2013; Reise & 

Waller, 2009a), a family of probabilistic models. An IRT respondent’s level 

of symptom severity and item prope tern. If the postulated mod

the observed data reasonably well, individual scores are still comparable (may be placed on the same 

metric), although each respondent gets his/her own set of symptoms that is tailored to their 
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estimated symptom severity levels. Thus, with CAT, each tested person will complete a different set 

of questions, depending on the number of questions needed to reach a preset threshold of accuracy. 

An illustration of CAT can be found in the Supportive Information. 

 

2.1.4 Aims of this study 
The 

of the PQ-92 could be adequately represented by IRT models. The second aim was to assess how 

many symptoms of each dimension are needed to reach adequate levels of measurement precision. 

The third aim was to investigate how well the CAT-POS and CAT-NEG predict clinical and functional 

outcome regardless of ARMS. In order to achieve the second and third aims, we utilized the principle 

of real data simulations (RDS; see Methods section). 

 

2.2 Methods 

 

2.2.1 Data collection design 

The data of three interdependent samples gathered in the Dutch Early Detection and Intervention 

Evaluation (EDIE-NL) trial (van der Gaag et al., 2012) and the variety of instruments and measures 

that have been used, are presented in Table 2.1. 
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Table 2.1 Flowchart Data Collection Design. 

  Sample        

 1. General help seeking  
2. UHR + sub-threshold 

levels of positive symptoms  3. UHR follow-up 

      

Criteria ---  

PQ-92-POS > 17 (N = 420) + 

11 < PQ-92-POS < 18 (N = 

147) 

 
CAARMS POS 

DSM axis-one/two  

      

N 5699  567  90 

      

Instruments 

& measures 
PQ-92  

CAARMS 

SOFAS 
 

Diagnosis 

Hospitalization 

SOFAS 

      

Research 

questions 

Model fit 

Local dependence 

DIF 

Properties CATs  

 Criterion validity  Predictive validity 

 

1 Help-seeking. Help-seeking individuals (N = 5705) were screened with the PQ-92 between February 

2008 and February 2010 at four different sites in the Netherlands: N = 3666 patients at the Mental 

Health Center PsyQ Haaglanden, The Hague; N = 1109 patients at the Friesland Mental Health 

Services; N = 326 patients at the Mental Health Center Rivierduinen, Leiden and surrounding areas; N 

= 276 at the Mental Health Center PsyQ, Amsterdam; N = 206 at the ABC (Altrecht), Utrecht; N = 116 

patients at the Academic Medical Center, Amsterdam. Six of these individuals were removed from 

the analyses because they had missing data on all positive symptoms. With respect to positive 

symptoms, 2.2% of the total data were missing and “I believe in telepathy, psychic forces, or 

fortunetelling” had the highest percentage of missing values (4.7%). With respect to negative 

symptoms, 3.08%  and distant” had the 

highest percentage of missing values (4.7%). Mean age was 24.7 (standard deviation [SD] = 5.7, range 

10-37 years), and 36.6% were male (63.2% female, 0.2% missing). 
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2 UHR. A subg  assessed with the CAARMS and the fourth 

version of the Social and Occupational Functioning Scale (SOFAS) after the intake (see below for 

instrument descriptions). This subsample included all individuals that endorsed 18 or more positive 

PQ-92 symptoms. To enhance the value of this sample for research purposes, six additional groups of 

approximately 25 individuals were randomly selected that endorsed 12, 13, 14, 15, 16 and 17 

positive symptoms, respectively. Mean age was 25.7 (SD = 5.0, range 16–35), and 31.4% were male 

(68.6% female). 

 

3 UHR follow-up. A number of those individuals (N = 90) 

addition to a DSM-4 axis one (non-psychotic) or axis two diagnosis and that were willing to 

participate were followed up after 18 months (van der Gaag et al., 2012). Mean age was 25.4 (SD = 

5.0, range 10–37 years), and 35.6% were male (64.4% female). 

 

2.2.2 The two-parameter logistic model (2-PL) and its assumptions  
In this study we used the two parameter logistic (2-PL) model (Birnbaum, 1968), a type of IRT model 

appropriate to describe non-cognitive and clinical data (Reise & Waller, 2009b). In the 2-PL model, 

the response probabilities of respondents to individual items are modeled by means of a logistic 

discrimination parameter equals the slope of the logistic function and represents the discriminative 

power of the item (i.e. how much response probab

intensity level of the item. These functions are also called item characteristic curves or item trace 

lines. In order to apply the 2-PL model, the related assumptions of unidimensionality and local 

local 

independence means that items are essentially uncorrelated when controlling for this trait. In IRT, 

persons on this latent continuum may be conceived as approximately standardized. The cutoff 

advised by Ising et al. (2012) for including patients in the CAARMS interview (more than 17 positive 

-value of +0.81 on the positive symptom continuum (approximately 

highest 20%). 
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2.2.3 Model fit 2-PL and Local Dependence (LD) 

the observed sum score distribution with the expected sum score distribution on the basis of the 

magnitudes of the residual correlations among the positive and negative symptoms respectively after 

 

approximately equal size according to their score level (that is, total scores without the item 

targeted). These groups represent individuals with low, medium, and high levels of psychotic 

symptom experiences. Observed response probabilities within these groups were compared with 

model-based expected response probabilities, and mean absolute differences (MADs) were 

computed for each item. In this way, the appropriateness of the item trace line (logistic function) was 

evaluated for each item. All IRT-analyses were performed using the object-oriented, free available 

software package MIRT (Glas, 2010). The differences between observed and expected sum score 

frequencies and observed and expected response probabilities were evaluated using the Lagrange 

Multipliers (LM) test (Glas, 1999), which has an asymptotic chi-square distribution. In all applications 

of the LM test, absolute differences between observed and expected are more informative about 

model violations than the outcomes of the test statistics, as large sample sizes quickly lead to 

-seeking) was used for these analyses. 

 

2.2.4 Differential item functioning (DIF) 
Because appropriateness of the item trace lines may also depend on the demographic background of 

respondents, it is important to investigate whether parameter estimates based on the whole sample 

are also appropriate (invariant) for subgroups. Differential item functioning (DIF) tests essentially 

number of additional parameters that have to be estimated. We investigated DIF for gender and age 

(adolescents versus adults). In order to check DIF for age, we split the data- to adolescents (< 18 

years; N = 602) and adults (N = 5088). We decided to consider MADs in response probabilities greater 

than .05 as moderate DIF and MADs greater than .10 as inadmissible for the purpose of adaptive 

testing (C. Glas, personal communication, February 6, 2015). 

 

2.2.5 Simulation of CAT-properties based on item parameters and observed response patterns: 
RDS 
RDS enable the evaluation of adaptive test properties before actually implementing the test. The 

estimated item parameters are used in combination with the observed response patterns to simulate 
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an adaptive test (Sands, Waters, & McBride, 1997)

-values of each respondent. Based on 

 (i -values obtained using the CAT-scores with full-

length test- -values based on the administration of all symptoms) and (ii) investigated 

measurement precision along the latent continua for CAT-POS and CAT-NEG. The program Firestar 

(Choi, 2009) was used to compile syntax to be used in R (R Core Team, 2014) to run these analyses. 

These simulated adaptive test scores were also used to investigate the criterion and predictive 

validity of the positive and negative symptom dimensions. 

 

2.2.6 Criterion Validity 
Combining structured interviews with indicators of patients’ functioning is seen as the gold standard 

for the differentiation between healthy, UHR and psychotic individuals. In case of UHR, functioning 

must be either low, or recently declined in addition to the result of the interview. We used the 

CAARMS and the fourth version of the SOFAS for the differentiation between normal versus 

UHR/ -predictive value (PPV), 

negative predictive value (NPV) and the accuracy of the CAT-POS were compared with the same 

indices for the PQ-16. The second sample was used for these analyses. It has to be noted that the 

CAARMS-assessors were not blind to the PQ-scores of patients. That is, although assessors did not 

know precisely how many positive symptoms were endorsed by the patients they interviewed, they 

were sure that these patients endorsed at least 12 positive symptoms (inclusion criteria for the 

second sample). 

 

2.2.7 Instruments 
 

CAARMS 

The CAARMS is a structured interview used to assess UHR status for psychosis. Reliabilities (intra-

class correlations, ICC) for the positive symptom 

UHR/psychosis status range from .79 to .89 for non-psychotic help-seeking individuals. The CAARMS 

discriminates well between healthy and UHR, and within UHR-samples, patients that are CAARMS 

positive are approximately 16 times more likely than CAARMS negative patients to develop a 

psychotic disorder (Yung et al., 2008). 

 

  



523226-L-bw-Bebber523226-L-bw-Bebber523226-L-bw-Bebber523226-L-bw-Bebber
Processed on: 27-8-2018Processed on: 27-8-2018Processed on: 27-8-2018Processed on: 27-8-2018 PDF page: 33PDF page: 33PDF page: 33PDF page: 33

21

 

 

SOFAS 

The SOFAS (Goldman, Skodol, & Lave, 1992) assesses functioning on a scale ranging from 0 (poor 

functioning) to 100 (excellent functioning). Reliabilities (ICC or kappa) for the scale range from .55 to 

.80. SOFAS-scores have been consistently found to co-vary negatively with complexity of axis-one 

diagnosis and positively with other indicators of social and occupational functioning. Low functioning 

was operationalized as a score lower than 50, and substantial decline was operationalized as a drop 

of more than 30% from premorbid functioning (van der Gaag et al., 2012). 

 

2.2.8 Predictive Validity 
To explore the capability of the PQ-92-POS, CAT-POS, PQ-92-NEG, CAT-NEG and the PQ-16 to predict 

important outcome criteria, a subgroup (N = 90) of the second sample was followed-up after 18 

months. Outcome measures were the development of a psychotic disorder as diagnosed by 

psychiatrists, level of functioning measured by the SOFAS and the number of hospitalization days. 

The third sample (UHR follow-up) was used for these analyses and again (Pearson) correlations were 

computed. It should be noted that the third sample is not representative of help-seeking individuals 

because only patients classified as ARMS according to the CAARMS were included. The attrition rate 

for this last stage of the data collection design was equal to 13%. 

 

2.3 Results 
 

2.3.1 Model fit 2-PL and Local Dependence 
All IRT-analyses were conducted on the sample of general help-seeking individuals. 

 

Positive symptoms 

Detailed output of the analyses is given in the Appendix; here we summarize the most important 

ings. Based on the LM t ences between observed and expected sum 

score frequencies (LM = 80.1, p < .01). Closer inspection of these differences revealed that (i) 

especially zero scores are more frequently observed than the model implies and (ii) the differences 

are not systematic, in the sense that they do not show a clear pattern of deviation from the 

assumption of a normally distributed latent trait. The MADs between observed and expected 

response probabilities for the 45 symptoms were low, all between .00 and .01 with one of .02, 

meaning that the estimated item parameters the 990 

item pairs [(n * n - n)/2], nine had a residual correlation above .25, (maximum .34). The averaged 
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absolute residual correlation was equal to .06, showing that the magnitudes of most correlations 

among positive symptoms were well reproduced by a unidimensional model. 

Table 2.2 displays the SEs for 15 equally spaced intervals on the positive symptom continuum 

(all 45 items). SEs at the start of the continuum (very low scores) are higher than the SEs in the area 

surrounding the cutoff score for the  end of the 

latent continuum. This means that the 45 positive symptoms are less capable of differentiating 

among individuals who experience no or only a few mild symptoms than differentiating low scorers 

from those individuals that experience elevated levels of positive symptoms. Thus, we conclude that 

the positive symptom dimension may be adequately represented by the 2-PL model, noting that 

measurement precision is low at the beginning of the positive symptom continuum. 

 

Table 2. 2 Number of respondents and averaged estimated standard errors (EAP) within 15 equally1 

spaced intervals (0.40) on the positive symptom dimension (all 45 symptoms). 

-intervals
Min -2.0 -1.6 -1.2 -.80 -.40 .00 .40 .80 1.2 1.6 2.0 2.4 2.8 3.2 3.6

Max -1.6 -1.2 -.80 -.40 .00 .40 .80 1.2 1.6 2.0 2.4 2.8 3.2 3.6 3.8

N 

SE 

289 

.55 

245 

.48 

366 

.43 

417 

.39 

501 

.35 

510 

.33 

507 

.30 

412 

.29 

285 

.27 

243 

.26 

135 

.26 

94 

.25 

56 

.26 

22 

.26 

4 

.21 
1Min( ) = -2.03, Max( ) = 3.80. 

 

Negative symptoms 

The differences between observed and expected sum score frequencies of the negative symptom 

dimension were not stat r, as for 

the positive symptom dimension, the frequency of zero-scores is underestimated by the model. 

Again, the MADs between observed and expected response probabilities for the 19 symptoms were 

quite low (< .01). Thus, negative symptoms can also be represented by the 2-PL model. 

 Of the 171 item pairs, three had a residual correlation above .25. The averaged absolute 

residual correlation was equal to .08 (maximum .44). Table 2.3 displays the SEs for 11 equally spaced 

intervals on the negative symptom continuum (all 19 items). For the negative symptom dimension, 

the differences in measurement precision along the latent continuum are smaller than was the case 

for the positive symptom dimension. 
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Table 2.3 Number of respondents and averaged estimated standard errors (EAP) within 11 equally2 

spaced intervals (0.40) on the negative symptom dimension (all 19 symptoms). 

-intervals
Min -1.9 -1.4 -1.0 -.60 -.20 .20 .60 1.0 1.4 1.8 2.2

Max -1.4 -1.0 -.60 -.20 .20 .60 1.0 1.4 1.8 2.2 2.5 

N 

SE 

385 

.56 

317 

.47 

428 

.42 

535 

.37 

666 

.34 

629 

.33 

556 

.33 

413 

.35 

256 

.38 

131 

.43 

71 

.50 
2Min( )=-1.84, Max( )=2.49. 

 

2.3.2 Differential Item Functioning (DIF) 

 

Positive symptoms 

On average men endorsed 0.6 positive symptoms less than women. Most positive symptoms 

displayed no DIF for gender and only one item displayed moderate DIF (MAD = .06): “I believe in 

telepathy, psychic forces, or fortune telling”, with an LM-value of 109.2 (df = 1, p < .01, sig.). Men 

were a bit less (MAD = -.08) likely to endorse this item than the model parameters suggested and 

women were somewhat more (.05) likely. 

Adolescents endorsed 1.5 more positive symptoms than adults on average. Seven positive 

symptoms displayed moderate DIF for age, with MADs between .06 and .09. Detailed information on 

the results of these DIF tests can be found in Table A.2.7 in the Appendix. 

 

Negative symptoms 

On average, men endorsed 0.5 negative symptoms less than women, but all MADs where lower than 

.05. Adults endorsed 1.3 negative symptoms more than adolescents on average, but again, all MADs 

were lower than .05. In conclusion, the DIF-effects we found across subgroups were not substantial 

enough to justify the use of differential item parameters across groups. 

 

2.3.3 Real Data Simulations 
 

Positive symptoms 

Measurement precision of the positive symptom item pool was low for values lower than < -1.00. 

Because we were not so much interested in how non-psychotic individuals score in terms of positive 

symptom experiences, but rather in differentiating between elevated and high levels, we used two 

stop criteria for these simulations: terminate the test session (i) if the upper bound of the 99.7% 
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i + 3*SE( i)) of the estimated score is lower than the corresponding cutoff score 

for CAARMS inclusion (21.6% highest scores) or (ii) when 12 items have been administered. A 

minimum of four items was always administered. When these boundary conditions were used, 10.1 

items were utilized on average. The correlation of CAT-POS scores with full-length test scores (IRT-

based) equaled .92 (R2 = 85%), indicating that both approaches yield roughly the same information. 

The average SE was equal to 0.47 (rxx = .82), a value that is still slightly above the cutoff of 0.50 (rxx = 

.80) (Evers, Lucassen, Meijer, & Sijtsma, 2010). 

 

 

Negative symptoms 

The following stop criteria were used: terminate the test sessions (i) if the corresponding SE is lower 

than 0.45 (rxx=.83), or (ii) when 12 items have been administered. In this way, 8.8 items had to be 

utilized on average. The correlation with full-length test scores was 0.95 (R2 = 90%), and the SE 

equaled 0.46 (rxx=.83) on average. 

 

2.3.4 Criterion Validity 

The second sample is not representative for the target population of the screening tool (help-seeking 

population) because only individuals that endorsed many positive symptoms completed the 

CAARMS. In contrast to Ising et al. (2012), we chose not to impute CAARMS scores for the rest of the 

sample because (i) many (N = 5132) scores would have had to be imputed and (ii) we did not want to 

use positive symptoms as predictors for imputing CAARMS-scores (diffusion of predictor and 

criterion). Instead, we compared our results directly to those of Ising et al. (2012), using the same 

approach for the CAT-POS scores and the PQ-16. The correlations between the two predictors and 

the CAARMS were corrected for restriction of range in the predictor scores by Thorndike’s case-2 

formula (Wiberg & Sundström, 2009). The corrected correlation of the CAT-POS scores with the 

CAARMS (.38) was lower than the correlation of the PQ-16 (.47) with the CAARMS. Ising et al. (2012) 

advise to use a cutoff of more than 17 positive symptoms endorsed out of the 45 positive symptoms. 

Of the sample, 21.6% endorse more than 17 positive symptoms, and this percentage corresponds to 

-value above +0.81 on the CAT-POS. It should be noted that the goal was to differentiate between 

normal and UHR/psychosis, and not to identify individuals which are currently psychotic. The results 

lue 

as cutoff, are displayed in Table 2.4. 
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Table 2.4 Classification accuracies of the PQ-16 and four different CAT-POS cut-off scores for 

CAARMS classifications (cut-off advised by Ising et al, 2014 in italics). 

        Instrument & cut-off used 

PQ-16  CAT-POS 

 Si> 5  i > .99 i > .94 i > .81 i > .62 

Sensitivity .93  .74 .75 .81 .84 

Specificity .42  .49 .46 .39 .28 

PPV .48  .45 .44 .44 .41 

NPV .92  .76 .76 .78 .76 

Accuracy .61  .58 .56 .54 .49 

 

As shown in Table 2.4, the PQ-16 (second column) is superior to the CAT- i 

and PPV are minimal. Because respondents in the second sample were selected by the number of 

positive symptoms they endorsed, it contains much less true negatives than might be expected 

“true” values for both predictors. To a lesser degree, the reverse is also true for the reported 

sensitivities and PPVs of the CAT-POS and the PQ-16, because the selectiveness of the data collection 

-POS cutoff score (columns 3 and 4) 

he price of decreasing sensitivity. Increasing the CAT-POS 

sensitivity. 

 

2.3.4 Predictive Validity 
Twenty-four (26.7%) patients transitioned to a psychotic state within the follow-up period of 18 

month. The mean SOFAS score at the end of the follow-up period was equal to 55.70 (SD = 14.70). 

Eighty-one out of 90 patients (90%) were not hospitalized at all during the follow-up period, and the 

number of hospitalization days for the nine patients that did get hospitalized ranged from three to 

230 days. 

The correlations between the predictors and the follow-up criteria, calculated in the UHR 

follow-up sample, are displayed in Table 2.5. The CATs performed as well or even better than the 

unweighted symptom totals of the PQ-92. Although the PQ-16 was superior to the CAT-POS with 

rst 18 months after intake and (ii) the duration of 



523226-L-bw-Bebber523226-L-bw-Bebber523226-L-bw-Bebber523226-L-bw-Bebber
Processed on: 27-8-2018Processed on: 27-8-2018Processed on: 27-8-2018Processed on: 27-8-2018 PDF page: 38PDF page: 38PDF page: 38PDF page: 38

26

 

 

hospitalization. No instrument predicted social and occupational functioning as assessed by the 

SOFAS, although the correlation for the CAT-NEG suggests an effect of interest, given the size of the 

correlation (rxy = .20) and the low p-value (p = .058). 

 

Table 2.5. Predictive validities of PQ-92-POS, CAT-POS, PQ-92-NEG, CAT-NEG and the PQ-16. 

 Diagnosis (n = 90) Hospitalization days (n = 89) SOFAS (n = 78) 

PQ-92-POS .13 .14 -.08 

CAT-POS .22* .24* -.06 

PQ-92-NEG .10 .05 -.20 

CAT-NEG .11 .04 -.20 

PQ-16 .14 .17 -.09 

*p<.05 (one-tailed). 

 

2.4 Discussion 

The present study showed the suitability of positive and negative symptoms of the PQ-92 for IRT-

based adaptive testing. Our results show that it is feasible to build CATs for these psychotic 

experiences, utilizing many fewer items  levels 

of measurement precision. On average, ten and nine items were required to place individuals on the 

positive and negative symptom dimensions, respectively. Although all effect sizes were small, in 

ARMS individuals (according to the CAARMS), the CAT-POS predicted best which individuals make a 

transition to psychosis and how long these would need to be hospitalized, and the CAT-NEG was 

suggestively associated with later functioning (rxy = -.20, p = .058; N = 90). With respect to CAARMS-

-16 was superior to the CAT-POS. It should be noted that during the 

RDS of the CATs, selection of those 16 items that make up the PQ-16 was rather the exception than 

the rule. With respect to the CAT-POS, symptoms of the facet Unusual Thought Content & Delusional 

Ideas were selected most frequently. 

 IRT-models to the dimensions of positive 

and negative psychotic experiences. Because the symptoms were calibrated using a large sample 

drawn from the help-seeking population, the item parameters could be estimated precisely. Also, we 

used various different measures of validity to indicate how well the newly developed adaptive tests 

function. Several limitations should also be noted. The most important limitation is the selectness of 

the follow-up sample as a result of the data collection design: only individuals were included who 

 according to the CAARMS. Because of this, the results concerning the 
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predictive validity of the CATs, while promising, should be replicated in a non-selected (including 

both ARMS and non-ARMS individuals) sample prospectively. This would enable a direct and fair 

comparison of the CATs on the one hand and the PQ-16 combined with the CAARMS on the other 

hand. With respect to the relationship between CAT-POS and number of hospitalization days, it is 

important to note that the distribution of hospitalization days was very skewed and the association 

that we found was based on only nine different time points. Although the RDS give an impression of 

how the CATs will function in practice and the results we found are promising, it has to be noted that 

the CATs were not yet applied in general practices. Furthermore, measurement precision for 

individuals that experience no or only a few positive or negative symptoms is lower than for 

individuals that experience elevated or high levels of 

clinical scales, and the term quasi-trait has been introduced by Reise and Waller (2009) to describe 

this phenomenon: “(…) the trait is unipolar (relevant in only one direction) and that variation at the 

low end of the scale is less informative in both a substantive and psychometric sense.” (p. 31). As 

such, neither item pool is ideal to track individual change (for example, when assessing recovery). 

Adding positive and negative symptoms with higher proportions of endorsement (p > .70) to the item 

pools would improve measurement precision at the low ends of the latent continua. It would be 

fruitful to investigate whether these indicators can be found in other inventories that assess milder 

forms of psychotic experiences. 

The choice for CATs has two important advantages. First, in order to differentiate between 

positive and negative symptom experiences without the need of administering many items, the 

computed item parameters may be used in adaptive testing environments. We think that this 

of economy is especially important in practical contexts where the aim is to assess a broad spectrum 

of psychopathological and psychological domains reliably without the need of administering 

hundreds of items in total, as is the case at the front door of the medical sector – that is, general 

practitioners’ practices or cohort studies with a broad scope on diverse forms of psychopathology. In 

specialized secondary clinical settings where the focus ogical domains, 

diagnoses at in -assessors are available, this 

advantage will be probably less important, and thus the PQ-16 seems to be the better choice. 

Second, use of CATs offers the possibility of investigating the independent contribution of positive 

and negative symptom dimensions to the future development of psychosis and functional decline, 

without a priori capital  CAARMS. Within the 

current framework of ARMS (an important limitation of the present study), the CATs seem a 

promising and feasible concept to adequately and economically assess psychotic experiences, as 

CATs were associated with long-term outcomes (transition to psychosis, hospitalization and 
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functioning). The item parameters are provided in the Appendix and may be used for adaptive 

testing and computation of various IRT-metric scores. 

 

2.5 Appendix 

 

2.5.1 Model fit revisited 

In the present study, the Bock Aitkin Expectation Maximization (BAEM) algorithm was used for item 

calibration, assuming a normally distributed prior. Using either the Empirical Histogram (EH) 

approach for the BAEM-algorithm or using the generalized conditional maximum likelihood approach 

(OPLM) made model fit only worse, so we stick to the BAEM algorithm for item calibration. 

 

2.5.2 Settings for Real Data Simulations in Firestar 

We used the Expected A Posteriori (EAP) approach to compute estimated individual scores and the 

corresponding standard errors (posterior standard deviation). The first item was targeted at the 

overall mean, and consecutive item selection was based on Maximum Fischer Information (MFI), 

because this method is relatively easy to program, and the more advanced methods like Minimal 

Expected Posterior Variance (MEPV) only outperform MFI when the latent continua are stacked with 

many highly discriminating items, which is neither the case for the positive or the negative symptom 

dimension of the PQ. 

 

2.5.3 Usage of IRT-scores in linear models 

Because IRT-scores are estimated and not observed, using point estimates  to determine the 

strength of relationships would lead to positively biased coefficients. Instead, repeated sampling 

from the normally distributed posterior, using  as mean and the corresponding standard error as 

standard deviation is appropriate. The correlation coefficients reported in the paper are averaged 

correlations across ten random draws. Ten draws have been shown to be sufficient in simulation 

studies to approximate the ‘real’ magnitudes of coefficients (correlations as well as effect-sizes). 
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Table A.2.1 Item- content, code and parameters for the 45 positive symptoms of the PQ. 

Symptom PQ alfa beta 
The passage of time feels faster or slower than usual 02 1.097 -0.047 
I have difficulty organizing my thoughts or finding the right words 03 1.160 -1.150 
When I look at a person, or look at myself in the mirror, I have seen the face 
change right before my eyes 04 1.728 3.299 

I sometimes get strange feelings on or just beneath my skin, like bugs crawling 05 1.341 1.997 
Familiar surroundings sometimes seem strange, confusing, threatening or 
unreal 07 1.456 0.847 

I often seem to live through events exactly as they happened before (déjà vu) 08 1.200 0.425 
I sometimes smell or taste things that other people don't notice 09 1.371 2.438 
Sometimes I am sure that other people can tell what I am thinking or feeling 
without me telling them 12 1.303 1.748 

I have heard things other people can’t hear like voices of people whispering or 
talking 13 1.996 3.065 

I often hear unusual sounds like banging, clicking, hissing, clapping or ringing 
in my ears 18 1.954 2.724 

I often mistake shadows for people or noises for voices 19 1.964 3.104 
Things that I see appear different from the way they usually do (brighter or 
duller, larger or smaller, or changed in some other way) 20 1.553 3.043 

Other people say that I wander off the topic or ramble on too much when I 
am speaking 23 1.092 -0.184 

I believe in telepathy, psychic forces, or fortune telling 24 0.714 0.726 
I often feel that others have it in for me 25 1.344 0.727 
My sense of smell sometimes becomes unusually strong 26 1.189 2.139 
I have felt that i am not in control of my own ideas or thoughts 27 1.265 0.207 
I believe that I am very important or have special gifts 30 1.228 3.120 
Sometimes my thoughts seem to be broadcast out loud so that other people 
know what I am thinking 32 1.680 2.562 

I am unusually sensitive to noise 34 0.957 0.687 
I am superstitious 35 0.798 1.618 
I have heard my own thoughts as if they are outside of my head 36 2.262 3.469 
I have many thoughts that fill my mind and compete for my attention 37 1.285 -0.872 
I often feel that other people are watching me or talking about me 38 1.276 0.048 
I sometimes feel that things I see on the TV or read in the newspaper have a 
special meaning for me 46 1.298 1.984 

My thinking feels confused, muddled, or disturbed in some way 49 1.592 -0.677 
Sometimes I feel suddenly distracted by distant sounds that I am not normally 
aware of 50 1.626 1.423 

I have had the sense that some person or force is around me, even though I 
could not see anyone 52 1.625 2.189 

At times I worry that something may be wrong with my mind 55 1.201 0.645 
I have felt that I don't exist, the world does not exist, or that I am dead 56 1.520 2.077 
I have been confused at times whether something I experienced was real or 
imaginary 57 1.460 1.436 

I have experienced unusual bodily sensations such as tingling, pulling, 
pressure, aches, burning, cold, numbness, shooting pains vibrations or 
electricity 

60 1.170 0.500 

I hold beliefs that other people would find unusual or bizarre 61 1.464 2.058 
I feel that parts of my body have changed in some way, or that parts of my 
body are working differently 64 1.074 1.617 



523226-L-bw-Bebber523226-L-bw-Bebber523226-L-bw-Bebber523226-L-bw-Bebber
Processed on: 27-8-2018Processed on: 27-8-2018Processed on: 27-8-2018Processed on: 27-8-2018 PDF page: 42PDF page: 42PDF page: 42PDF page: 42

30

 

 

My thoughts are sometimes so strong that I can almost hear them 65 1.815 1.629 
I sometimes see special meanings in advertisements, shop windows, or in the 
way things are arranged around me 67 1.652 3.092 

I often pick up hidden threats or put-downs from what people say or do 68 1.356 0.370 
I sometimes use words in unusual ways 69 1.385 1.389 
At times I have felt that some person or force interferes with my thinking or 
puts thoughts into my head 74 1.957 2.785 

I have had experiences with the supernatural, astrology, seeing the future, or 
UFO's 75 1.150 2.865 

Some people drop hints about me or say things with a double meaning 76 1.503 1.741 
I am often concerned that my closest friends or co-workers are not really loyal 
or trustworthy 77 1.409 0.411 

I have seen unusual things like flashes, flames, blinding light, or geometric 
figures 79 2.028 3.685 

I have seen things that other people can't see or don't seem to 84 2.043 3.302 
People sometimes find it hard to understand what I am saying 90 1.397 0.865 
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Table A.2.2 Observed and expected score frequencies for the positive symptom dimension. 

Score Range1 Observed2 Expected3 
0 0 163 113.5 
1 1 211 206.9 
2 2 258 261.4 
3 3 250 288.7 
4 4 316 299.3 
5 5 271 303.6 
6 6 284 307.7 
7 7 296 307.2 
8 8 291 294.3 
9 9 285 271.8 

10 10 257 252.7 
11 11 242 246.1 
12 12 246 248.1 
13 13 257 246.0 
14 14 205 230.0 
15 15 186 200.5 
16 16 192 166.6 
17 17 174 139.8 
18 18 147 126.3 
19 19 132 124.9 
20 20 102 128.8 
21 21 121 129.6 
22 22 130 122.4 
23 23 103 106.7 
24 24 78 86.3 
25 25 77 66.5 
26 26 63 51.7 
27 27 54 43.6 
28 28 52 41.4 
29 29 48 42.3 
30 30 32 43.0 
31 31 29 41.3 
32 32 35 36.5 
33 33 26 29.4 
34 35 34 38.2 
36 37 22 22.8 
38 45 30 33.2 

1Scores are collapsed to create expected frequencies above 10; 2Observed score frequencies; 3Expected score 
frequencies. 
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Table A.2.3 Observed and expected (model implied) response probabilities for the low, medium and 
high score group, mean absolute differences (MAD’s), and Lagrange Multiplier tests (LM; df=2) for 
the 45 positive symptoms. 

  Group1   
 Low Medium High  

Symptom Obs. Exp. Obs. Exp. Obs. Exp. MAD LM Prob. 
02 .26 .26 .51 .51 .74 .74 .00 0,5 .76 
03 .48 .49 .77 .75 .89 .90 .01 3,7 .16 
04 .01 .01 .04 .04 .20 .20 .00 2,2 .33 
05 .04 .04 .12 .12 .35 .34 .00 0,1 .94 
07 .09 .10 .31 .30 .62 .62 .01 4,3 .11 
08 .17 .17 .38 .39 .67 .66 .01 2,8 .25 
09 .03 .02 .07 .08 .28 .27 .01 8,6 .01 
12 .05 .05 .15 .15 .40 .39 .01 4,2 .12 
13 .01 .01 .05 .05 .27 .28 .00 6,8 .03 
18 .01 .01 .07 .07 .32 .33 .00 0,8 .67 
19 .01 .01 .05 .05 .27 .27 .00 2,4 .30 
20 .02 .01 .05 .05 .20 .20 .00 10,3 .01 
23 .27 .29 .56 .54 .76 .76 .01 8,2 .02 
24 .19 .19 .31 .32 .50 .49 .01 4,7 .09 
25 .10 .12 .34 .33 .63 .63 .02 28,6 .00 
26 .04 .04 .10 .11 .29 .28 .00 2,0 .37 
27 .20 .20 .43 .45 .73 .72 .01 6,1 .05 
30 .01 .01 .04 .04 .15 .14 .00 0,5 .78 
32 .02 .02 .07 .08 .31 .30 .01 3,5 .17 
34 .15 .16 .35 .33 .55 .56 .01 3,7 .16 
35 .07 .08 .17 .16 .31 .31 .01 6,9 .03 
36 .01 .01 .03 .04 .26 .26 .00 2,2 .33 
37 .39 .40 .70 .70 .88 .88 .01 6,2 .04 
38 .21 .22 .48 .48 .75 .75 .00 2,0 .37 
46 .05 .04 .11 .12 .34 .34 .01 6,3 .04 
49 .29 .30 .66 .65 .88 .88 .01 2,8 .25 
50 .05 .05 .21 .20 .52 .53 .01 5,6 .06 
52 .03 .03 .10 .11 .36 .36 .01 5,4 .07 
55 .15 .14 .33 .34 .62 .61 .00 0,8 .66 
56 .03 .03 .12 .12 .37 .36 .00 2,8 .24 
57 .07 .06 .18 .20 .50 .49 .01 8,6 .01 
60 .17 .16 .36 .37 .65 .64 .01 3,2 .21 
61 .03 .03 .10 .12 .37 .35 .01 13,6 .00 
64 .08 .07 .16 .17 .36 .37 .01 8,6 .01 
65 .04 .04 .17 .18 .52 .52 .00 0,1 .94 
67 .01 .01 .05 .05 .21 .21 .00 3,9 .14 
68 .15 .16 .42 .41 .70 .70 .01 3,2 .21 
69 .06 .07 .21 .20 .49 .48 .00 2,2 .33 
74 .01 .01 .06 .07 .32 .32 .00 0,5 .76 
75 .02 .02 .05 .05 .16 .16 .00 0,4 .84 
76 .04 .04 .16 .15 .43 .43 .01 7,7 .02 
77 .12 .15 .42 .40 .70 .70 .02 30,1 .00 
79 .01 .00 .02 .03 .19 .19 .00 3,8 .15 
84 .01 .01 .04 .04 .24 .25 .00 2,7 .26 
90 .09 .10 .31 .30 .61 .61 .01 15.5 .00 

1Min(Ni) = 1561, M(Ni) = 1805 & Max(Ni) = 2025. 
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Table A.2.4 Item- content, code and parameters for the 19 negative symptoms of the PQ. 

Symptom PQ alfa beta 
I find that I can't express my feelings as well as I used to 14 1.202 0.169 
I have lost a sense of who I am 16 1.346 0.431 
I tend to be very quiet and keep in the background on social occasions 21 1.696 -0.130 
I often feel that I have nothing to say or very little to say 33 1.541 0.020 
I get very nervous when I have to make polite conversation 39 1.848 0.865 
I find it hard to be emotionally close to other people 42 1.422 -0.219 
I tend to avoid social activities with other people 43 2.184 0.301 
I have been unable to enjoy things or experience pleasures I used to 
experience 48 1.598 -0.513 

People find me aloof and distant 58 1.656 1.228 
I tend to keep my feelings to myself 59 1.111 -1.052 
I am not very good at returning social courtesies and gestures 66 1.759 1.790 
I have felt like I am looking at myself as in a movie, or that I am a 
spectator in my own life 71 0.917 1.114 

I have little interest in getting to know other people 78 1.769 0.906 
I get extremely anxious when meeting people for the first time 80 1.717 1.406 
I have felt like I am at a distance from myself, as if I am outside my own 
body or that a part of my body did not belong to me 81 0.999 1.963 

I find that when something sad happens, I am no longer able to feel 
sadness, or when something happy happens, I can no longer feel happy 82 1.470 0.886 

I feel unable to carry out everyday tasks because of fatigue or lack of "get 
up and go" 85 1.262 -0.919 

I often avoid going to places where there will be many people because I 
will get anxious 87 1.615 0.882 

I feel uninterested in the things I used to enjoy 89 1.675 0.013 
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Table A.2.5 Observed and expected score frequencies for the negative symptom dimension. 

Score Range Observed1 Expected2 
0 0 257 210.1 
1 1 332 336.2 
2 2 361 385.8 
3 3 380 398.5 
4 4 375 403.2 
5 5 367 403.1 
6 6 402 388.4 
7 7 380 368.0 
8 8 386 360.8 
9 9 362 363.2 

10 10 372 351.1 
11 11 324 319.7 
12 12 299 285.5 
13 13 262 262.1 
14 14 240 241.5 
15 15 206 210.5 
16 16 170 170.4 
17 17 110 128.0 
18 18 71 80.7 
19 19 42 31.3 

1 Observed score frequencies; 2Expected score frequencies. 
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Table A.2.6 Observed and expected (model implied) response probabilities for the low, medium and 
high score group, mean absolute differences (MAD’s), and Lagrange Multiplier tests (LM; df=2) for 
the 19 negative symptoms. 

  Group1   
 Low Medium High  

Symptom Obs. Exp. Obs. Exp. Obs. Exp. MAD LM Prob. 
14 .24 .24 .49 .49 .71 .71 .00 0.3 .87 
16 .17 .19 .45 .43 .68 .68 .01 12.0 .00 
21 .25 .24 .55 .57 .82 .82 .01 4.7 .10 
33 .23 .23 .54 .53 .78 .79 .01 5.2 .07 
39 .12 .10 .34 .34 .66 .67 .01 24.8 .00 
42 .29 .29 .59 .58 .81 .81 .00 0.9 .63 
43 .15 .14 .47 .48 .80 .81 .01 13.1 .00 
48 .27 .28 .63 .62 .86 .86 .01 3.9 .14 
58 .08 .08 .26 .26 .56 .57 .00 2.0 .36 
59 .52 .52 .76 .76 .88 .88 .00 1.1 .58 
66 .04 .05 .20 .19 .50 .51 .01 3.9 .15 
71 .12 .13 .29 .28 .47 .47 .01 7.2 .03 
78 .10 .10 .35 .33 .65 .66 .01 4.3 .12 
80 .07 .07 .26 .25 .57 .58 .01 17.0 .00 
81 .05 .06 .14 .14 .31 .30 .01 13.4 .00 
82 .11 .12 .33 .32 .62 .61 .01 17.3 .00 
85 .42 .42 .72 .71 .88 .88 .00 1.0 .62 
87 .12 .11 .32 .33 .63 .63 .01 10.8 .00 
89 .22 .22 .54 .53 .80 .80 .00 0.6 .74 

1Min(Ni)=1514, M(Ni)=1754 & Max(Ni)=1932. 
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Table A.2.7 Detailed information results DIF-analyses. 

Item Content LM MAD -/+* 
My thinking feels confused, muddled, or disturbed in some way. 100.2 .09 - 
I am unusually sensitive to noise. 75.7 .08 - 
I have difficulty organizing my thoughts or finding the right words. 56.8 .07 - 
At times I worry that something may be wrong with my mind. 49.2 .06 - 
Other people say that I wander off the topic or ramble on too much when I 
am speaking. 35.6 .06 - 

I have heard things other people can’t hear like voices of people whispering or 
talking. 89.4 .07 + 

I have been confused at times whether something I experienced was real or 
imaginary. 50.9 .07 + 

* -: Adolescents have lower observed response probabilities than expected;  
  +: Adolescents have higher observed response probabilities than expected. 
 

2.5.4 A brief introduction to the CAT operation procedure 

Computerized adaptive testing (CAT) is a type of computer-based testing where each person who 

completes a questionnaire (respondent) gets his own set of items. Because each individual item is 

informative about the relative standing of the respondent on the trait or dimension that is assessed 

by the questionnaire, the respondent’s position is re-estimated with each item administered. This 

allows for selection of those questions that are most informative regarding the respondent’s score 

estimate, and skip items that are nearly uninformative. The purpose of this algorithm is to maximize 

the efficiency of the assessment process. 

 

An example 

Adaptive testing is an iterative process. Let’s illustrate this using an imaginary example with positive 

psychotic symptoms where respondents have to indicate whether certain positive symptoms are 

either present (Yes) or absent (No). This questionnaire contains both milder (many or most 

respondents indicate the presence of this symptom) and more severe (not many or only a few 

respondents indicate the presence of this symptom) symptoms. For example, a ‘milder’ psychotic 

symptom might be: “I feel that people are not what they seem to be” and a more ‘severe’ symptom 

might be: “I hear voices talking to each other”.  

When no symptoms have been administered yet, the best guess about the actual score of a 

respondent (representing his position on the underlying psychosis dimension) would be the average 

score of the group. Therefore, the first symptom is identical for each respondent and it is of 

intermediate severity – it provides maximum information with regard to the mean-value. If a 

respondent indicates the presence ‘Yes’ of this symptom of intermediate severity, the next symptom 

to be presented is a more severe symptom. On the other hand, if the respondent indicates absence 
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(‘No’) of this symptom of intermediate severity, then the next symptom will be a milder symptom. 

This process usually continues until the respondent’s test score is estimated with sufficient precision, 

that is a level of reliability that is determined on beforehand. For individuals with varying levels of 

severity, often a varying number of symptoms is required to reach the same level of measurement 

precision. In this way, only ‘relevant’ symptoms are administered, that is only symptoms that match 

the respondent’s severity level. In a way, one could say that CAT’s mimic the behavior of an 

experienced interviewer, adapting subsequent items to the answers given to previous items. Because 

of this, adaptive testing requires many fewer items than traditional (linear) testing where each 

respondent gets the same set of items. 

 

Illustration CAT principle 
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