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Abstract 24 

Objective: To improve measurement precision the EORTC Quality of Life Group is developing an 25 

item bank for computerized adaptive testing (CAT) of emotional functioning (EF). The item bank 26 

will be within the conceptual framework of the widely used EORTC QLQ-C30 questionnaire.  27 

Study Design and Setting: Based on literature search and evaluations by international samples of 28 

experts and cancer patients 38 candidate items were developed. The psychometric properties of the 29 

items were evaluated in a large international sample of cancer patients. This included evaluations of 30 

dimensionality, IRT model fit, differential item functioning (DIF), and of measurement 31 

precision/statistical power.  32 

Results: Responses were obtained from 1,023 cancer patients from four countries. The evaluations 33 

showed that 24 items could be included in a unidimensional IRT model. DIF did not seem to have 34 

any significant impact on the estimation of EF. Evaluations indicated that the CAT measure may 35 

reduce sample size requirements by up to 50% compared to the QLQ-C30 EF scale without 36 

reducing power. 37 

Conclusion: Based on thorough psychometric evaluations we have established an EF item bank of 38 

24 items. This will allow for more precise and flexible measurement of EF, while maintaining 39 

backward compatibility with the QLQ-C30 EF scale. 40 

 41 

Key words: Computer adaptive test; EORTC QLQ-C30; emotional functioning; item response 42 

theory; oncology; patient-reported outcome 43 

 44 

Running head: An item bank of 24 items for CAT measurement of emotional functioning 45 

 46 

Word count: 4873 47 

48 
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1. Introduction  49 

Computerized adaptive testing (CAT) is a form of intelligent questionnaire; the basic idea is to 50 

maximize the precision by only asking questions relevant for the individual [1-3]. For example, if a 51 

patient has reported severe emotional problems to the previous items (questions), the next item will 52 

be one relevant for patients with severe problems. In this sense the questionnaire is adapted “on-the-53 

fly” to the individual using previous responses to select the most informative next item. Clearly, 54 

such adaptation cannot be done using usual paper questionnaires, but requires the use of computer 55 

technology. All items used in a CAT are selected from a collection of items called an item bank or 56 

item pool. In a CAT item bank the items have been calibrated (fitted) to an item response theory 57 

(IRT) model [4, 5]. This means that scores based on any subset of the items are comparable. This 58 

unique property facilitates the adaptation to the individual without compromising comparability 59 

across individuals. The adaptability, i.e. the selection of the most informative item at each step, 60 

generally makes CAT instruments more precise than traditional, “static” questionnaires asking the 61 

same number of items and more efficient in the sense that fewer items are needed to obtain a 62 

specific precision. CAT instruments are also highly flexible as they can be adapted to the 63 

requirements of each study or setting. Because of these advantages of CAT several groups have 64 

developed and/or explored the use of CAT to assess patient-reported outcomes (PROs) [6-13].  65 

 66 

The European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life 67 

questionnaire (QLQ-C30) is an internationally widely used instrument for the assessment of health 68 

related quality of life (HRQOL) in cancer patients [14, 15]. It consists of 30 items measuring 15 69 

aspects of HRQOL: five functional measures, nine symptom measures and one measure of overall 70 

health/quality of life [16]. To improve the assessment of PROs in oncology, the EORTC Quality of 71 

Life Group is currently developing CAT versions of the EORTC QLQ-C30 scales [17-23]. The new 72 

CAT instrument operates within the same conceptual framework as the QLQ-C30. Hence, the aim 73 

is to develop a unidimensional item bank for each QLQ-C30 scale, which, in addition to the original 74 

QLQ-C30 items, consists of items covering the same aspects of the dimension as the QLQ-C30. 75 

That is, each new item bank will include all QLQ-C30 items from the relevant scale. To further 76 

enhance the compatibility with the QLQ-C30 and to ensure a homogeneous and simple format, the 77 

new items should have the same item style as the QLQ-C30 items, i.e. they should employ the same 78 

response options and recall period. In this way the CAT instrument will measure some well-79 

validated and (to many) well-known HRQOL dimensions and it can be related to the substantial 80 

literature of studies using the QLQ-C30. 81 

 82 
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One of the key domains of the QLQ-C30 is emotional functioning (EF). The QLQ-C30 EF scale 83 

consists of four items measuring depression, anxiety (two items), and general distress that are 84 

assumed to represent a unidimensional construct. Responses to the four items are summed to form a 85 

unidimensional EF score. The new item bank should include the four QLQ-C30 EF items. Hence, 86 

the aim is a unidimensional item bank comprising the QLQ-C30 EF items and as many additional 87 

items on depression, anxiety, and general distress as possible.  88 

 89 

As for any EORTC instrument, development of the CAT instrument takes place in an international, 90 

cross-cultural setting. The EORTC CAT development procedure consists of four phases: I) 91 

literature search, II) operationalisation, III) pre-testing, and IV) field testing. Phases I to III of the 92 

EF CAT development have been completed and described elsewhere [17]. In phase I we identified 93 

1,729 EF items from existing questionnaires. The large majority of these items (1,480) were 94 

excluded mainly due to redundancy or lack of relevance for the EORTC measurement of EF. The 95 

remaining items formed the basis for formulating new EF items fitting the “QLQ-C30 item style”. 96 

After a second round of evaluations of redundancy and relevance 63 items were retained. 97 

Evaluations by international samples of experts (phase II) and cancer patients (phase III) further 98 

reduced this to 38 candidate items. The present paper report on the phase IV field testing and 99 

psychometric evaluations of the 38 EF items.  100 

 101 

2. Methods  102 

The methods and analyses used in phase IV for the final development of the EF item bank are 103 

described below. They generally follow the approach previously reported for other dimensions [20-104 

22]. Please refer to these publications for further details. 105 

 106 

2.1. Sample 107 

The EORTC CAT is intended for international use for cancer patients in general. Therefore, we 108 

accrued an international sample of cancer patients with different diagnoses, stages of disease, etc. 109 

Patients were recruited from oncology departments in Austria, Denmark, Italy, and the UK in the 110 

period February to December 2011. Patients were invited either by mail or when coming to the 111 

department. Eligibility requirements included a verified cancer diagnosis, age at least 18 years, and 112 

being physically and mentally competent to complete the questionnaire. Written informed consent 113 

was obtained following local requirements. 114 

 115 

The study was approved by the local ethics committees of the participating countries. 116 

 117 
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2.2. Questionnaire 118 

Similar to the QLQ-C30 EF items, all developed items have the recall period “during the past week” 119 

and employ a 4-point response scale: “not at all”, “a little”, “quite a bit” and “very much”. The 120 

QLQ-C30 EF items are about distress and are formulated in the form “did you have this problem”. 121 

The majority of the new items were formulated similarly covering the emotional aspects depression, 122 

anxiety and general distress/negative affect [17]. However, to try to also capture positive emotional 123 

states (i.e. emotional wellbeing/positive affect) and thereby possibly extend the measurement range, 124 

five items were formulated positively, e.g. “Have you felt cheerful?”. The QLQ-C30 EF scale is 125 

scored so that higher values reflect better emotional functioning (less distress). To be in line with 126 

this scoring, we reversed the distress items for the analysis, so that higher scores reflected better 127 

functioning for all items. In addition to the 38 EF items we collected information to clarify whether 128 

the patients found any of the questions problematic and information on the patients’ 129 

sociodemographic status.  130 

 131 

2.3. Analysis plan 132 

The psychometric evaluations and the selection of items were organized into seven steps: 133 

 134 

1. Descriptive and basic statistical analyses: This included response rates, item means and standard 135 

deviations, and correlations with the original 4-item QLQ-C30 EF sum scale.   136 

 137 

2. Assessing patient feedback on the items: The patients’ qualitative comments and their ratings of 138 

the items were used to assess whether some of the items seemed problematic (e.g. difficult to 139 

understand or confusing).  140 

 141 

3. Evaluation of dimensionality and local dependence: As the QLQ-C30 EF scale is 142 

unidimensional, the new CAT based EF measure is also intended to be unidimensional. We 143 

investigated the dimensionality of the items using factor analysis methods for ordinal categorical 144 

data [24]. This included evaluations of dimensionality using scree plot [25], parallel analysis [26, 145 

27] and the Hull method [28]. These analyses were performed using the specialized software 146 

FACTOR v. 9.3.1 [29]. Further, we evaluated the fit of a unidimensional model. The following 147 

criteria were used as indication of reasonable model fit: the root mean square error of 148 

approximation (RMSEA)<0.10, the Tucker-Lewis Index (TLI)>0.90 and the Comparative Fit Index 149 

(CFI)>0.90 [30, 31]. The analyses were performed using Mplus [24]. 150 

 151 

Standard IRT models assume that the items are locally independent, i.e. item responses are 152 
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independent when controlling for the overall level of EF. This was examined using residual 153 

correlations from the factor model. Residual correlations <0.20 were regarded as indication of local 154 

independence [6].  155 

 156 

4. Calibration of IRT model and evaluation of item fit:  IRT models are a class of statistical models 157 

used to model latent variables, i.e. variables that are not directly observed but rather inferred from 158 

other (observed) variables [5, 18, 19]. We used the generalized partial credit model (GPCM) [32], a 159 

two-parameter IRT model, to form the basis for the EF CAT. In the GPCM each item has a 160 

discrimination/slope parameter describing an item's ability to discriminate between people with 161 

different scores, and a set of threshold parameters, which defines where on the EF continuum 162 

adjacent response options are equally likely to be endorsed. An item is generally most informative 163 

in the vicinity of the thresholds. The average of an item’s thresholds is called the item location.  164 

 165 

Standard IRT models assume monotonicity, i.e. the better EF the more likely it should be to give a 166 

response to the item reflecting good EF. This was examined by inspecting the average item scores 167 

across the rest scores (the sum score of all items except the item in question). If an item complies 168 

with monotonicity, the average item score should not decrease for increasing values of the rest score 169 

[33].  170 

 171 

We used Parscale for estimating the IRT model [34]. Item fit was examined using the item-fit test 172 

S-Χ2 proposed by Orlando and Thissen [35] and implemented for polytomous items in the SAS 173 

macro IRTFIT [36]. The performance of S-Χ2 has been found to be superior to other fit indices [35, 174 

37, 38]. Furthermore, we calculated the average difference between expected and observed item 175 

responses (bias) and the infit and outfit indices [39]. Infit and outfit are both based on mean square 176 

residuals, but assess slightly different aspects of fit. The infit gives more weight to responses from 177 

respondents with an EF score close to the item’s location, whereas the outfit is more sensitive to 178 

unexpected responses from respondents far from the item’s location. Here the infit is particularly 179 

important, since respondents in CAT measurement are primarily asked items with a location close 180 

to their EF score. For both indices values between 0.7 and 1.3 are often regarded as acceptable [40]. 181 

Large values (>1.3) indicate misfit to the model while small values (<0.7) indicate “overfit”, i.e. 182 

better fit than expected statistically, e.g. because of redundancy. Misfit is our main concern, hence, 183 

large values are mainly regarded as problematic.  184 

 185 

5. Test for differential item functioning (DIF): DIF analysis evaluates whether the items are 186 

perceived and “behave” similarly in different groups of patients [41]. If this is not the case the item 187 
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is said to exhibit DIF, which may make comparisons across groups problematic as the same item 188 

response may reflect different levels of EF in the groups. We tested for DIF using ordinal logistic 189 

regression methods [22, 42, 43] with regard to gender, age, country, cancer site, cancer stage, 190 

current treatment, education, work, and cohabitation. Each item was entered as the outcome and the 191 

group (DIF) variables were tested as independent variables controlling for the EF score estimated 192 

using the IRT model calibrated in the previous step. 193 

 194 

Because of a large sample and multiple testing a difference was regarded as significant if p<0.001 195 

and potentially relevant if also the coefficient for the group variable (numerically) exceeded 0.64 as 196 

this has been suggested as an indication of moderate to large DIF [43, 44]. For each item, each 197 

group variable was first tested individually for both non-uniform and uniform DIF. To eliminate 198 

false positive DIF findings caused by confounding of the group variables, the group variables 199 

significant in the individual tests were entered together and tested in a multiple logistic regression 200 

model. Only the results of these “multivariate” DIF analyses are reported. 201 

 202 

We evaluated the practical impact of the significant DIF findings for estimation of EF using a 203 

method proposed by Hart et al [45] which we have further developed [10, 11]. This method 204 

compares the EF scores obtained with the model from step 4 (which does not account for DIF) with 205 

the scores obtained with an IRT model accounting for DIF. If the EF scores obtained with the two 206 

models differed substantially this was regarded as indicating practically problematic DIF, also 207 

termed “salient scale-level differential functioning” [20, 22, 45]. More precisely, if the EF scores 208 

obtained with the two models differed more than the median standard error for the EF estimates this 209 

was regarded as “salient scale-level differential functioning”. 210 

 211 

6. Evaluation of discarded items: We added the discarded items one at a time to the list of items 212 

obtained after step 5 and evaluated whether the item still showed misfit. If this was not the case, i.e. 213 

if it had erroneously been discarded, it was included again. 214 

 215 

For the final selection of items we calculated the information function. The information function is 216 

a measure of the measurement precision of an item at different levels of EF. The information of the 217 

individual items can be combined to obtain the total information of the item bank. 218 

 219 

7. Evaluation of measurement properties: The measurement properties of the resulting EF CAT 220 

were evaluated using simulations of CAT administration based on the collected data. We simulated 221 

CATs asking 1, 2,… up to all but 1 items, respectively, estimated the EF score based on these 222 
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CATs, and compared these scores with the score based on all items. We evaluated the relative 223 

validity (RV) of these CATs as compared to the QLQ-C30 EF scale in detecting expected group 224 

differences [46]. The RV is the ratio of two test statistics for comparing two (known) groups. We 225 

used the t-test statistic for each of the CATs as the numerator and the t-test for the QLQ-C30 EF 226 

scale as the denominator. An RV>1 indicates that the CAT measure has greater discriminating 227 

power than the QLQ-C30 scale. We hypothesized that patients with stage I or II vs. stage III or IV, 228 

patients not in treatment vs. patients in treatment, patients working vs. patients not working, men 229 

and older patients would have better emotional functioning. The known groups variables being 230 

significant for at least one of the outcomes (the QLQ-C30 EF scale or one of the CAT based scores) 231 

were used for calculating RVs. We also evaluated the RV of the CATs based on simulated data. We 232 

simulated responses to the items based on EF scores sampled from normal distributions with 233 

different means. We compared groups of size N1=N2=25, 50, and 100, respectively and true effect 234 

sizes (ESs) of 0.2, 0.5, and 0.8, respectively. For each of these 3x3=9 possible settings, we ran 235 

2,000 simulations. For further details on these simulations please see Petersen et al. [21]. 236 

 237 

The descriptive analyses in step 1 were based on all available data for each item. The analyses in 238 

step 3-6 were based on complete cases, i.e. those responding to all items, while the observed data 239 

evaluations in step 7 were based on those responding to all items in the final model. 240 

  241 
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>> Insert Table 1. Sociodemographic and clinical characteristics of the study sample (N=1,023).<< 242 
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 243 

3. Results 244 

We obtained responses from 1,023 cancer patients coming from Austria, Denmark, Italy, and the 245 

UK. Patient characteristics are presented in >> Insert Table 1.  246 

 247 

1. Descriptive and basic statistical analyses. Response rates to the 38 EF items were generally high 248 

(98.2%-99.5%). The average item scores ranged 1.2-2.8 on a 0-3 scale, with 3=“not at all”, 249 

generally reflecting relatively good emotional functioning/little distress. Polychoric correlations 250 

between the 34 new items and the sum scale of the original four QLQ-C30 EF items ranged 0.52-251 

0.81 for the (reversed) distress items while the five (unreversed) positive items correlated 0.32-0.55. 252 

The lowest were for “Have you felt that you have inner strengths and abilities?” (0.32) and “Have 253 

you achieved satisfaction from things that you did?” (0.33).  254 

 255 

2. Assessing patient feedback on the items. Each item had been rated problematic (difficult to 256 

understand, annoying etc.) by no more than four patients (0.4%) and none of the items had been 257 

rated intrusive. Hence, generally the patients did not find the items problematic. 258 

 259 

3. Evaluation of dimensionality and local dependence. Inspection of eigenvalues from an 260 

exploratory factor analysis indicated that 57% of the total variation was explained by the first factor. 261 

Three additional factors had eigenvalues above 1, and the second factor explained > 5% of the 262 

variation. The scree plot suggested one clearly important factor and three potentially important 263 

factors. The parallel analysis indicated two possibly three important factors while the Hull method 264 

indicated that one factor might be sufficient to explain the variation in the data (details omitted). In 265 

a 3-factor and a 4-factor solution the five positive items had their primary loadings on one factor 266 

while all the distress items had their primary loadings on other factors. Although the conclusion 267 

varied with the method, taken together, these analyses indicated that it might not be sensible to 268 

include all 38 items in a unidimensional model, and that the positive items may measure something 269 

distinct from the other items. This was confirmed by poor fit indices for a 1-factor model including 270 

all 38 items: RMSEA=0.144, CFI=0.690 and TLI=0.954. Excluding the five positive items 271 

improved fit, but it was still not acceptable: RMSEA=0.124, CFI=0.788 and TLI=0.971. Next, 272 

among the 33 distress items we deleted the poorest fitting items, one at a time, until a 1-factor 273 

model had acceptable fit. This resulted in a 24-item model with RMSEA=0.089, CFI=0.906 and 274 

TLI=0.987. One factor explained 65% of the variation for these 24 items. Scree plot, parallel 275 

analysis and the Hull method all indicated that one factor was sufficient to explain the variation in 276 

the 24 items. 277 
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 278 

All 276 residual correlations for the 24 items were < 0.20, and except one all were < 0.15. Hence, 279 

these correlations did not indicate any local dependence among the retained items.  280 
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 281 

>> Insert Table 2. Parameter estimates and fit statistics for the 24 items in the final IRT model. << 282 

 283 
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 284 

4. Calibration of the IRT model and evaluation of item fit. There were no indications of violations 285 

of the assumption of monotonicity for the 24 items (details omitted). Therefore, we calibrated a 286 

GPCM to the 24 items and evaluated the item fit (results are summarized in >> Insert Table 2). The 287 

tests of item fit indicated good fit to the model for all items. Estimates of bias (average difference 288 

between expected and observed item responses) were all ≤0.01. The infit statistics were between 289 

0.93 and 1.07 indicating good fit, and the outfit statistics ranged 0.59-0.97. Items 14, 20 and 26 had 290 

outfits just below 0.7 indicating that the information from these items might be slightly redundant to 291 

the information from other items. However, as all residual correlations for the three items were 292 

<0.15 the assumption of local independence did not seem significantly violated and as the items 293 

may contain unique information making them preferable in specific situations we retained them in 294 

the item bank. Hence, all in all, the 24 items seemed to have acceptable fit to the GPCM.  295 

 296 

5. Test for DIF. >> Insert Table 3 presents the findings of significant DIF. There was no significant 297 

DIF with regard to treatment, cohabitation, or work. Of the 24 items, 12 showed potential problems 298 

with DIF. Most differences were found between countries; seven items showed country DIF while 299 

1-2 items showed possible DIF with regard to age, gender, stage, cancer site, or education.  300 

 301 

We evaluated the impact of the possible DIF for the estimation of EF. These evaluations generally 302 

indicated that the DIF findings had almost no effect when using all 24 items to estimate the EF 303 

score (details omitted). Even in the extreme case where only the DIF item was used to estimate EF, 304 

the DIF findings did not  seem to have any significant impact, i.e. there were no indications of 305 

salient scale-level differential functioning regardless of the number of items used for the estimation. 306 

Therefore, we concluded that the DIF findings likely did not have any practically relevant impact on 307 

EF estimation, and therefore, retained all items in the model. 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 
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>> Insert Table 3. Results of the DIF analysis. Regression coefficients and p-values for the 318 

significant findings of DIF. << 319 

 320 

6. Evaluation of discarded items. The evaluations of the 14 items discarded in the previous steps 321 

indicated that adding any of these to the model again would result in significantly poorer model 322 

fit/lack of unidimensionality. Therefore, no items were reinstated and the 24 items with parameter 323 

estimates shown in >> Insert Table 2 constitute the final EF item bank. 324 

 325 

The 24 items consisted of 15 items mainly covering depression related aspects, five items about 326 

anxiety and four about general distress. >>Insert Fig. 1 shows the total information for the 24 items. 327 

For comparison the figure also shows the information of the four QLQ-C30 EF items and the 328 

information of the four most informative items at each point along the EF continuum. For 329 

illustration, the EF scores obtained if reporting “very much”, “quite a bit”, “a little”, or “not at all” 330 

problem, respectively, to all items are shown. Measurement with the entire item bank provides 331 

reliability ≥ 95% (information ≥ 20) from -2.6 to 0.1 (about 3 standard deviation units) and 332 

reliability of at least 90% (information ≥ 10) from -3.0 to 0.6. Hence, the item bank provides 333 

particularly precise measurement for patients having some level of emotional problems, while for 334 

patients having at most “a little” EF problems the item bank is less precise. The four most 335 

informative items provide reliability ≥ 90% from -2.3 to -0.2 while the four QLQ-C30 items have 336 

reliability < 90% for the entire continuum. 337 

  338 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 15

>>Insert Fig. 1. Test information function for the 24 items in the final model, information of the 339 

four EORTC QLQ-C30 EF items, and of the four most informative items, respectively.<< 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

 355 

>>Insert Fig. 2. Correlations between EF scores based on CATs asking 1, 2,.., 23 items, 356 

respectively, and EF scores based on all 24 items.<< 357 

 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 
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7. Evaluation of measurement properties. For CATs of all lengths the mean and median EF score 372 

was very close to the score based on all 24 items (details omitted). Scores based on three or more 373 

items correlated >0.90 with the scores based on all items (see >>Insert Fig. 2). >>Insert Fig. 3 374 

summarizes the results of the known groups comparisons. Contrary to expectation there was no 375 

significant difference between work statuses. Stage, treatment, gender and age showed significant 376 

differences as hypothesised and were therefore used to calculate mean RVs for the observed data. 377 

Both observed and simulated data indicated low power if using only one item. The observed data 378 

indicated that when 2 or more items are asked in the CAT, sample sizes may be reduced by about 379 

20-50% without loss of power as compared to using the QLQ-C30 EF scale. The reduction 380 

generally increased with the length of the CAT with approximately 20% savings with 2 items, 40% 381 

with 6 items and 50% with 18 or more items. The simulated data on the other hand indicated that 382 

using the CAT may only reduce sample size requirements by up to 15%. Hence, there were 383 

significant differences in the expected reductions in sample size requirements based on the observed 384 

and simulated data. 385 

  386 
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>>Insert Fig. 3. The average relative validity (RV) and relative required sample size using CAT 387 

measurement compared to using the QLQ-C30 EF sum scale based on observed and simulated data, 388 

respectively.<< 389 

 390 

4. Discussion 391 

The overall aim of the EORTC CAT-project is to develop a new version of the EORTC QLQ-C30 392 

with better and more precise measurement of HRQOL. This will hopefully improve the 393 

identification and treatment of patients’ symptoms and problems. In this study we have expanded 394 

the existing QLQ-C30 EF measure to an item bank covering a broader range of the EF continuum. 395 

We obtained an EF item bank of 24 items showing good psychometric properties: factor analysis 396 

indicated acceptable unidimensionality and IRT calibration and evaluations showed good fit to a 397 

GPCM. We found some indications of DIF. However, evaluations indicated that even though there 398 

were statistically significant differences these did not have any practically relevant impact on the 399 

estimation of EF, i.e. EF scores based on the item bank can be compared across patients and studies 400 

regardless of patient characteristics.  401 

 402 

The item bank provides high measurement precision for a wide range of EF. However, for patients 403 

having at most “a little” EF problems the item bank may lack precision. The measurement may be 404 

improved at a later stage by adding new items particularly relevant for these patients, although from 405 

a clinical point of view it may rarely be relevant to determine with high precision whether a patient 406 

has “little” or “very little” emotional problems, since neither is likely to need treatment. Compared 407 

to the original QLQ-C30 EF scale the new EF item bank has markedly higher precision across the 408 

entire continuum, indicating a significant improvement in measurement precision. Also if selecting 409 

the four most informative items at each point across the continuum, there is a significant gain in 410 

precision compared to the four QLQ-C30 items; the four “maximum information” items provide at 411 

least 50% more information than the QLQ-C30 items for about 3 standard deviation units. 412 

 413 

The list of candidate items included five items on emotional wellbeing/positive affect. The 414 

evaluations indicated that they did not fit well into a unidimensional model with the distress items 415 

and were therefore excluded. These positive items were “experimental” as the QLQ-C30 emotional 416 

scale covers distress only. Further, the assessment of distress is the main interest in the context of 417 

identifying impairments and intervention needs. This split into an emotional distress and an 418 

emotional wellbeing component seems in line with findings, e.g., for the General Health 419 

Questionnaire [47]. Hence, although we refer to the item bank as measuring “emotional 420 

functioning” to be in line with the terminology of the QLQ-C30, it may be more appropriate to refer 421 
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to it as a measure of emotional distress.  422 

In addition to the positive items, nine items were deleted because of poor fit to a unidimensional 423 

model. Of these, two items on feeling “anxious” and “restless” may have been somewhat 424 

ambiguous as they, besides anxiety, may reflect feeling eager/excited. An item on “felt life was 425 

meaningless” and one on “felt life isn't worthwhile” were also deleted. Of all items tested, they had 426 

the fewest reported problems. The highly skewed response distributions may have affected their fit. 427 

When new data with more patients having severe emotional problems become available it might be 428 

that these items will show more favorable fit. Hence, they may be candidates for inclusion in a 429 

“version 2” of the item bank. However, based on the current sample it does not seem appropriate to 430 

include the two items. Finally, four items on being “furious”, “angry”, “bad-tempered”, and 431 

“impatient” were deleted. Likely all four, and particularly the first three, relate to anger/aggressive 432 

feelings. This aspect of emotional functioning did not seem to fit well with the other aspects and is 433 

therefore, not covered by our item bank (anger is not part of the original QLQ-C30 EF scale either). 434 

This is an example of the limitation of our unidimensionality requirement: anger may be a relevant 435 

aspect to measure, but seemingly cannot be included in a unidimensional measure with the other 436 

aspects, and is therefore not included here. If we want to measure anger, a separate item bank may 437 

be constructed. Anger has also in other studies been modelled as a separate domain when measuring 438 

emotional distress [48]. 439 

 440 

The item bank is dominated by items on depression (constituting 15 of the 24 items). To get a more 441 

even distribution of the content areas more items on anxiety and general distress could be added. 442 

Note, however, that the main reason for the smaller numbers of anxiety and general distress items is 443 

that it was difficult to formulate many distinct, relevant, and fitting items for these areas. But even 444 

though the item bank is dominated by items on depression, the CAT can be programmed to always 445 

include items from all content areas, thereby ensuring coverage of all areas constituting the EORTC 446 

EF construct. As this will keep the content of the new measure as close as possible to the QLQ-C30 447 

EF scale we propose to use such content balance. 448 

 449 

The CAT generally provided precise measurement when comparing scores based on CATs of 450 

different lengths to scores based on the entire item bank. The known groups comparisons generally 451 

indicated that by asking two or more items, sample sizes may be reduced without loss of power as 452 

compared to the QLQ-C30 scale. However, the predicted reduction in sample size requirements 453 

using the new measure differed significantly between the observed data and simulated data 454 

analyses; the simulated data indicated a maximum of 15% reduction while the observed data 455 

indicated up to 50% reduction. This suggests that the actual gain may vary across studies depending 456 
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on patient samples etc. and underline that detailed evaluations of the power of the CAT measure in 457 

independent data are needed. A validation project has been initiated to evaluate the measurement 458 

properties of the EORTC CAT instrument. This validation study will include new countries, 459 

including countries from Eastern Europe and from outside Europe, allowing for evaluation of the 460 

generalisability of the current findings. Although this validation is not completed, the current, 461 

preliminary version the EORTC CAT may be used by other researchers. For more information on 462 

this preliminary use of the EORTC CAT please visit http://groups.eortc.be/qol/eortc-cat. 463 

 464 

The uncertainty of the increased power using the CAT illustrates that although there are clear 465 

theoretical advantages of CAT it is not obvious how these translate into practical gain like increased 466 

power. CAT is more complex to develop, use and understand than traditional questionnaires. When 467 

is this additional complexity worthwhile, and when may a simpler tool suffice? More studies on the 468 

practical advantages of CAT for PRO measurement are relevant.  469 

 470 

In conclusion, we have developed an item bank of 24 items for CAT measurement of emotional 471 

functioning. The CAT measure was developed in an international setting targeted at cancer patients 472 

in general in a multitude of languages, but it may also be applied to other patients (and the general 473 

population) as well. It will be backward compatible with the QLQ-C30 and hence with the many 474 

studies that have used this questionnaire. The item bank showed good psychometric properties and 475 

high measurement precision, particularly for patients with some degree of emotional problems. 476 

Evaluations indicated that sample sizes may be reduced up to 50% without loss of power, compared 477 

to the QLQ-C30. However, these evaluations were subject to some uncertainty and the 478 

measurement properties should be validated with new data before drawing any final conclusions.  479 

 480 
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Table 1. Sociodemographic and clinical characteristics of the study sample (N=1,023). 1 

  N/mean 

Age (mean years)  62 (range 22-88) 

Gender Male 483 (47%) 

 Female 540 (53%) 

Country Austria 204 (20%) 

 Denmark 205 (20%) 

 Italy 94 (9%) 

 UK 520 (51%) 

Education  0-10 years 376 (37%) 

 11-13 years 258 (25%) 

 14-16 years 218 (21%) 

 >16 years 158 (15%) 

Work Working 322 (31%) 

 Retired 564 (55%) 

 Other 125 (12%) 

Cohabitation Living with a partner 759 (74%) 

 Living alone 244 (24%) 

Cancer stage I-II 456 (45%) 

 III-IV 420 (41%) 

Cancer site Breast 130 (13%) 

 Gastrointestinal 199 (20%) 

 Gynaecological 97 (10%) 

 Head and neck 74 (7%) 

 Lung 90 (9%) 

 Urogenital 104 (10%) 

 Other 235 (23%) 

Current treatment Chemotherapy 316 (31%) 

 Other treatment 117 (11%) 

 No current treatment 486 (48%) 
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Table 2. Parameter estimates and fit statistics for the 24 items in the final IRT model.  

  Thresholds      

Item Slope T1 T2 T3 Location Item fit 
p-value 

Bias Infit Outfit 

Item 3: Did you feel tense? (from QLQ-C30) 1.62 -1.79 -1.04 0.10 -0.91 0.837 0.01 0.98 0.89 

Item 4: Have you felt helpless? 2.41 -1.67 -1.23 -0.67 -1.19 0.985 0.01 1.00 0.73 

Item 5: Have you felt panic? 1.78 -1.80 -1.53 -1.19 -1.51 0.996 0.01 0.99 0.97 

Item 6: Have you lost interest in things, such as 
recreational or social activities (independently of your 
actual ability to do them)? 

1.14 -1.91 -1.21 -0.81 -1.31 0.640 0.01 0.99 0.97 

Item 7: Have you felt vulnerable? 2.11 -1.79 -1.24 -0.26 -1.10 0.953 0.01 0.99 0.82 

Item 8: Have you felt frustrated? 1.72 -1.65 -1.04 -0.14 -0.94 0.359 0.01 0.99 0.85 

Item 9: Have you felt worthless? 2.29 -1.86 -1.48 -1.01 -1.45 0.969 0.01 1.02 0.82 

Item 12: Have you felt discouraged? 2.58 -1.93 -1.42 -0.44 -1.27 0.820 0.01 0.97 0.75 

Item 13: Have you had emotional outbursts? 1.24 -1.65 -1.60 -0.75 -1.33 0.225 0.01 1.01 0.89 

Item 14: Have you felt that nothing could cheer you 
up? 

3.32 -1.95 -1.53 -0.80 -1.43 0.995 0.01 0.98 0.63 

Item 15: Have you felt afraid? 1.69 -1.63 -1.53 -0.53 -1.23 0.616 0.01 1.00 0.83 

Item 16: Have you felt that pleasure has gone from 
your life? 

1.97 -1.71 -1.47 -0.66 -1.28 0.985 0.01 0.97 0.84 

Item 17: Have you had difficulty relaxing? 1.41 -1.78 -1.25 -0.25 -1.10 0.560 0.01 0.99 0.93 
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Item 18: Have you lost interest in your appearance? 1.33 -2.31 -1.92 -1.33 -1.85 0.543 0.01 1.02 0.93 

Item 20: Have you felt miserable? 3.19 -1.75 -1.16 -0.29 -1.06 0.878 0.01 0.93 0.68 

Item 22: Did you feel depressed? (from QLQ-C30) 2.53 -1.66 -1.25 -0.29 -1.07 0.946 0.01 0.95 0.82 

Item 23: Did you feel irritable? (from QLQ-C30) 1.64 -2.28 -1.50 -0.02 -1.27 0.420 0.01 0.97 0.88 

Item 24: Have you felt useless? 2.25 -1.85 -1.45 -0.89 -1.40 0.651 0.01 0.98 0.86 

Item 25: Did you worry? (from QLQ-C30) 1.64 -1.66 -0.94 0.44 -0.72 0.718 0.01 0.95 0.92 

Item 26: Have you felt desperate? 3.03 -2.10 -1.43 -1.03 -1.52 0.952 0.01 1.00 0.59 

Item 29: Have you been afraid of losing control? 1.81 -2.06 -1.71 -1.06 -1.61 0.871 0.01 1.03 0.87 

Item 30: Have you felt sad? 2.61 -1.59 -1.14 0.09 -0.88 0.927 0.01 0.93 0.83 

Item 31: Have you felt like giving up? 2.17 -1.80 -1.58 -1.37 -1.58 0.992 0.01 1.07 0.71 

Item 32: Have you felt that you have nothing to look 
forward to?* 

2.40 -1.52 -0.97  -1.24 0.982 0.01 1.00 0.72 

*: Response options “Quite a bit” and “Very much” were collapsed for item 32 because of reversed thresholds. 

Note: The items (text and parameters) constitute the EORTC CAT Emotional Function Item Bank version 1.0. © Copyright 2015 EORTC Quality of Life Group. 

All rights reserved. User’s Agreements for EORTC Quality of Life Group questionnaires are available from the EORTC Quality of Life Department, Brussels, 

Belgium, http://groups.eortc.be/qol/ 
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Table 3. Results of the DIF analysis. Regression coefficients and p-values for the significant findings of DIF.  

Item DIF ββββ p-value DIF ββββ p-value 

Item 3 Country: -0.88 (Austria) <0.0001    

Item 4 Stage: 0.76 <0.0001    

Item 5 No DIF      

Item 6 No DIF      

Item 7 Education: 0.96 (0-10 years) 0.0005    

Item 8 Country: 1.61 (Italy) <0.0001    

Item 9 No DIF      

Item 12 No DIF      

Item 13 Age: -1.49 (<40 years) <0.0001    

Item 14 No DIF      

Item 15 Site: 0.80  0.0001    

Item 16 Country: -1.61 (Austria) <0.0001 Gender: -0.69 <0.0001 

Item 17 No DIF      

Item 18 No DIF      

Item 20 Country: 1.16 (Denmark) <0.0001    

Item 22 Country: -1.01 (Austria) <0.0001    

Item 23 No DIF      

Item 24 No DIF      

Item 25 No DIF      
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Item 26 Country: -1.76 (Austria) <0.0001    

Item 29 No DIF      

Item 30 No DIF      

Item 31 Country: -1.42 (Italy) <0.0001    

Item 32 Gender: -0.73 0.0001    
For country the largest regression coefficient (and the country) when comparing with UK is shown. A coefficient>0 indicates UK patients are more likely to 

report problems on the item (when controlling for the EF score). 

For age the largest regression coefficient (and age group) when comparing with patients ≥70 years is shown. A coefficient>0 indicates that patients ≥70 years are 

more likely to report problems on the item. 

For gender a coefficient>0 indicates that women are more likely to report problems on the item. 

For cancer site a regression coefficient>0 indicates that breast cancer patients are more likely to report problems. 

For cancer stage a regression coefficient>0 indicates that patients with advanced cancer (III-IV) are more likely to report problems. 

For education the largest regression coefficient (and group, years of education) when comparing with patients having more than 16 years of education is shown. 

A coefficient>0 indicates patients having more than 16 years of education are more likely to report problems on the item. 
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Fig. 1. Test information function for the 24 items in the final model, information of the four 

EORTC QLQ-C30 EF items, and of the four most informative items, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Correlations between EF scores based on CATs asking 1, 2,.., 23 items, respectively, and 

EF scores based on all 24 items. 
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Fig. 3. The average relative validity (RV) and relative required sample size using CAT 

measurement compared to using the QLQ-C30 EF sum scale based on observed and simulated 

data, respectively. 
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Footnote to Fig. 3: For both RV and sample size the plots show the ratio of using the CAT compared to using the 

QLQ-C30 sum scale. For example, using a CAT with six items the observed data indicates that the validity of the 

CAT is 1.31 times that of the QLQ-C30 scale (RV=1.31) resulting in that only 0.59 (59%) of a sample size used 

with the QLQ-C30 scale is required when using a 6-item CAT to obtain the same power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


