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Abstract

Purpose Computerized adaptive test (CAT) methods,

based on item response theory (IRT), enable a patient-

reported outcome instrument to be adapted to the individ-

ual patient while maintaining direct comparability of

scores. The EORTC Quality of Life Group is developing a

CAT version of the widely used EORTC QLQ-C30. We

present the development and psychometric validation of

the item pool for the first of the scales, physical functioning

(PF).

Methods Initial developments (including literature search

and patient and expert evaluations) resulted in 56 candidate

items. Responses to these items were collected from 1,176

patients with cancer from Denmark, France, Germany,
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Italy, Taiwan, and the United Kingdom. The items were

evaluated with regard to psychometric properties.

Results Evaluations showed that 31 of the items could be

included in a unidimensional IRT model with acceptable fit

and good content coverage, although the pool may lack

items at the upper extreme (good PF). There were several

findings of significant differential item functioning (DIF).

However, the DIF findings appeared to have little impact

on the PF estimation.

Conclusions We have established an item pool for CAT

measurement of PF and believe that this CAT instrument

will clearly improve the EORTC measurement of PF.

Keywords Computerized adaptive test � EORTC QLQ-

C30 � Item banking � Item response theory � Physical

functioning � Quality of life

Introduction

The European Organisation for Research and Treatment of

Cancer Quality of Life Questionnaire (EORTC QLQ-C30)

[1] is one of the most widely used health-related quality of

life (HRQOL) questionnaires in cancer research [2, 3]. The

questionnaire consists of 30 items measuring 15 aspects of

HRQOL: five functional measures, nine symptom mea-

sures, and one measure of overall health/quality of life [4].

The EORTC QLQ-C30 is a traditional, standardized

questionnaire, i.e., all patients are asked the same 30

questions. This ensures comparability of scores across

patients, but also means the questionnaire may not always

be optimal: some patients may answer irrelevant questions,

and some HRQOL domains may be measured with less

precision than is desired.

Therefore, the EORTC Quality of Life Group (QLG)

initiated a project to develop a computerized adaptive

test (CAT) [5] version of the QLQ-C30 [6]. CAT is a

computer-based, interactive method for constructing indi-

vidualized instruments. Based on a patient’s previous

responses, a computer program evaluates which item

should be asked next to obtain maximal information.

Additional items are administered until a prespecified level

of precision has been reached or until a predefined number

of items has been administered. Basing the CAT on item

response theory (IRT) methods [7, 8] ensures that scores

are directly comparable across patients, even though they

answer different subsets of questions. CAT measurement

has several advantages over traditional questionnaires,

perhaps most importantly that fewer items are required to

obtain the same level of precision [5].

The aim is to develop CAT versions of the HRQOL

domains included in the QLQ-C30, which are more effi-

cient, precise and flexible than the original instrument. This

requires the development of additional items supplement-

ing the original QLQ-C30 items. Our development of these

so-called ‘‘item pools’’ involves the following steps for

each HRQOL domain: (1) a literature search to obtain a

clear understanding of the domain and to identify existing

items measuring that domain; (2) formulating new items to

assess the relevant aspects of the domain, using the

same item format as that employed with the QLQ-C30;

(3) conducting patient interviews to pre-test the items; and

(4) collecting data and conducting psychometric analyses

for the final selection of items and calibration of the IRT

model forming the basis of the CAT. Details of the project

and the methods of steps 1–3 have previously been

described [6].

In developing the CAT measure for physical functioning

(PF), we identified 975 PF items from the literature. Of

these, 407 items measured one of the aspects of PF inclu-

ded in the QLQ-C30: lifting and carrying objects, walking

and moving, mobility (unspecified), and self-care. These

items were used as inspiration to develop 86 new items,

which were reduced to 66 based on reviews by the EORTC

CAT-project group. Based on expert and patient evalua-

tions, several items were revised and the list was further

reduced to 51 items [6].

This paper reports on step 4 in the development for PF:

1. Evaluation of the psychometric characteristics of the

candidate items, particularly their fit to a unidimen-

sional IRT model measuring ‘‘QLQ-C30’’ PF.

2. Final selection of items for the PF item pool and

calibration of the IRT model for the CAT.

Methods

Sample

Precise guidelines for sample size requirements for IRT/

CAT analyses are not available, but simulations and

practical experience suggest that 500–1,000 observations

suffice for precise calibration [9–11]. The precision for a

given sample size will of course depend on many factors,

such as distribution of item responses and the composition

of patients in the sample. Therefore, we aimed for at least

1,000 responses. As the CAT is intended for use interna-

tionally and across a wide range of patients with cancer, we

accrued a heterogeneous patient sample including different

age groups, diagnoses, etc. Patients were recruited from

Denmark, France, Germany, Italy, Taiwan, and the United

Kingdom. Eligibility requirements included having had a

cancer diagnosis, age greater than 18 years, and being

physically and mentally competent to complete the

questionnaire.
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The study was approved by the local ethics committees

of the participating countries.

Questionnaire

The questionnaire included: (1) the 51 candidate PF items [6]

plus the five original PF items from the QLQ-C30, in all 56

PF items, in random order; (2) the remainder of the QLQ-

C30; and (3) debriefing items to determine whether the

patients found any of the questions problematic. We also

collected information about the patients’ age, gender, cancer

site, cancer stage, current treatment, level of education,

employment status, and marital/cohabiting status.

The focus here is on the PF items. All items employ a

4-point response scale: ‘‘not at all’’, ‘‘a little’’, ‘‘quite a

bit’’, and ‘‘very much’’. As in the QLQ-C30 PF scale, the

items do not refer to a specific time frame, but ask about

performing a task generally: ‘‘Do you have any trouble…’’/

‘‘Do you need help…’’.

Analysis plan

The evaluation and final selection of items for the PF CAT

was organized into six steps:

Descriptive and basic statistical analyses

Calculation of proportion missing responses, item fre-

quency distributions, means and standard deviations, and

correlations with the original 5-item QLQ-C30 PF sum

scale.

Patient comments and evaluations of the items

Based on patients’ qualitative comments and responses to

the debriefing questions, we evaluated whether some of the

items should be deleted because a substantial number of

patients found them problematic. If only a few patients

found an otherwise well-functioning item problematic, we

would not remove it, since this might result in impaired

measurement properties for the large majority.

Evaluation of dimensionality and local dependence

Our aim was a unidimensional CAT measuring the same

aspects of PF as the QLQ-C30 PF scale. To investigate the

dimensionality of the item set, we used factor analysis

methods for ordinal categorical data [12]. First, we explored

the dimensionality based on eigenvalues using scree plots

[13] and proportion of variance explained. Next, we sear-

ched for a unidimensional model including the five QLQ-

C30 PF items and as many of the candidate items as

possible. The items should have good content coverage

(with regard to both aspects and levels of PF) and be

essentially unidimensional. The following fit criteria were

used to indicate reasonable fit: the root mean square error of

approximation (RMSEA), the Tucker-Lewis Index (TLI)

and the Comparative Fit Index (CFI). Rules of thumb are

that RMSEA \ 0.10 and TLI and CFI [ 0.90 indicate

reasonable (not poor) fit [14, 15]. Coverage was evaluated

by inspecting coverage of the different PF aspects, the test

information function, and the variability of item difficulties.

A requirement of standard IRT models is that the items

are locally independent, i.e., item responses are indepen-

dent when controlling for the overall PF score. We inves-

tigated this using the residual correlations from the final

factor analysis model. It has been proposed that residual

correlations [ 0.20 [16] or [0.25 [17] indicate local

dependence.

Calibration of IRT model and evaluation of item fit

Standard IRT models assume monotonicity: the cumulative

probability of choosing a given response category or a

higher category does not decrease with increasing IRT

scores. We investigated each item for monotonicity by

inspecting the average item score in relation to the rest

score (the sum score of all items except the item in ques-

tion). If an item complies with monotonicity, the average

item score is not expected to decrease for increasing values

of the rest score [18].

We used the generalized partial credit model (GPCM) as

the IRT model forming the basis for the PF CAT [19]. In

the GPCM, each item has a slope parameter describing the

item’s ability to discriminate between subjects with dif-

ferent levels of PF, and a set of threshold parameters

describing how likely it is to report problems on the item.

An advantage of the GPCM is that it is a generalization of

other well-known item models. If all items have the same

slope, the model reduces to the partial credit model, which

belongs to the family of Rasch models [20]. To evaluate

the effect of model choice on the item fit, we planned also

to calibrate the graded response model [21], which has the

same number of item parameters as the GPCM and often

gives trace lines that are very similar to the GPCM trace

lines [22].

We initially used Parscale for estimating the IRT model

[11]. However, the estimation failed because of conver-

gence problems. Therefore, we used the IRT Command

Language (ICL) program [23]. ICL computes marginal

maximum likelihood estimates of the item parameters

using the expectation–maximization (EM) algorithm

[24, 25]. ICL can only estimate the GPCM. Therefore, in

the following, we restricted our model search and evalua-

tions to this model. The estimation procedure of ICL

Qual Life Res (2011) 20:479–490 481
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seemed more robust, but ICL does not include tests of

model fit. Therefore, the parameter estimates from ICL

were imported into Parscale and examined for item fit

using Muraki’s test [11, 19]. Because of multiple testing

and a large sample, we used P \ 0.001 as indicating misfit.

Furthermore, we calculated the average difference between

expected and observed item responses (bias) and the root

mean square error (RMSE) of expected and observed item

responses. Finally, we calculated the information function

for the selected set of items to evaluate whether the items

seemed to have acceptable measurement precision across

the continuum.

Test for differential item functioning (DIF)

The IRT model assumes that patients with the same level of

PF have the same probability of responding to an item in a

certain way, regardless of group membership. If this is not

the case, the item is said to show differential item func-

tioning (DIF).

We explored for DIF using ordinal logistic regression

[26, 27]. For each item, the item response was regressed on

the estimated PF score, the group variable and the inter-

action of the two. A significant interaction indicates non-

uniform DIF (the DIF differs across the PF scores), while a

significant group parameter indicates uniform DIF (the

same DIF across the PF scores). The PF score was esti-

mated from the final IRT model calibrated in step 4.

We explored for DIF with regard to gender, age (\40,

40–49, 50–59, 60–69, C70 years), country (Denmark,

France, Germany, Italy, Taiwan, United Kingdom), cancer

site (breast, gastrointestinal, urogenital, gynaecological,

head and neck, lung, other), cancer stage (stage I-II vs. III-

IV), current treatment (chemotherapy, other treatment, no

current treatment), education (0–10, 11–13, 14–16,

[16 years of education), work (working, retired, other),

and cohabitation (living with a partner vs. living alone).

Because of a large sample and multiple testing, we used

a significance level of P \ 0.001. Significant and poten-

tially relevant uniform DIF was implied if P \ 0.001 and

the regression coefficient for the group variable was[0.64

(for group variables with more than two groups, at least

two groups’ coefficients should differ[0.64) [27, 28]. As a

criterion for significant and potentially relevant non-

uniform DIF, we used P \ 0.001 and a change in the

Nagelkerke R2-coefficient when deleting the interaction of

at least 0.035 [29, 30]. When an item showed significant

DIF with regard to two or more group variables, the sig-

nificant group variables were entered in a multiple logistic

regression model to examine whether the findings seemed

to reflect genuine DIF, i.e., these analyses were intended

to eliminate false positive DIF findings caused by

confounding of the group variables. Only group variables

showing significant DIF in these ‘‘multiple variable’’ DIF

analyses are reported.

Even though DIF may have significant impact at the item

level, the DIF may have little impact at the scale level [31].

For example, DIF in one direction for an item may be neu-

tralized by DIF in the opposite direction for other items (also

see Discussion). To evaluate the practical importance of the

DIF findings for the estimation of PF, we estimated a new

IRT model that calibrated the item parameters independently

in the DIF groups for the item of focus, fixing the remainder

of the items’ parameters to the estimates from step 4. We then

compared the PF scores obtained with this model accounting

for DIF with the scores obtained with the model from step 4,

which ignores any possible DIF. If the PF scores obtained

with the two models were similar, the DIF in the item

was considered not to have practical importance for PF

estimation. We calculated the correlation and difference

between the two PF estimations and the percentage of

patients with differences greater than the median standard

error for the PF estimates. This has been suggested as a

criterion for ‘‘salient scale-level differential functioning’’

[32].

The evaluations of DIF were performed using SAS v.

9.1.3 [33].

Evaluation of discarded items and final IRT calibration

To ensure that an item had not erroneously been discarded

in one of the steps above, we added the discarded items one

at a time to the list of items obtained after step 5 and

evaluated whether the item still showed misfit. Items that

had erroneously been discarded were included again.

Results

Sample

In total, we collected responses from 1,176 patients with

cancer. Patient characteristics are reported in Table 1.

Table 2 shows basic descriptive information for the

56 PF items. Response rates were generally high

(97.2–99.4%). Most items had skewed response distribu-

tions. Particularly, the items about self-care had highly

skewed response distributions (for all except one self-care

item, at least 90% of the patients responded ‘‘not at all’’).

Polychoric correlations for the 51 new items with the sum

scale based on the five QLQ-C30 PF items ranged from

0.64 to 0.93. In comparison, the five QLQ-C30 PF items

correlated 0.63–0.85 with the sum scale corrected for

overlap (i.e., excluding the item in question).
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Patient comments and evaluations of the items

In all, 148 patients (12.6%) reported one or more items as

being problematic. Item 17 ‘‘Do you have any trouble

participating in strenuous sports, like running 10 km,

cycling 25 km, or a similar activity?’’ was most often

perceived as problematic: 35 patients (3.0%) found the

item difficult to answer and 15 (1.3%) found it confusing.

Twenty-one patients (1.8%) found items 34, 35, and 46

difficult to answer, and 12–15 patients (1.0–1.3%) found

items 16, 27, 30 (from the QLQ-C30), 45, 47 (from the

QLQ-C30), and 48 difficult to answer. All other items were

rated as problematic by less than 10 patients (\1%). Except

for four items rated as upsetting or intrusive by one patient,

none of the patients found any of the items upsetting or

intrusive. Overall, very few patients found the items

problematic, and when reporting problems, it was typically

that an item was difficult to answer. We did not remove any

items based solely on these patient comments.

Evaluation of dimensionality and local dependence

Exploratory eigenvalues analysis showed that about two-

thirds of the total variation was explained by the first factor

(Table 3). Five factors had eigenvalues above 1, but only

two factors explained more than 5% of the variation, and

the scree plot also suggested two factors (details not

shown). Including all 56 items in a unidimensional model

resulted in RMSEA = 0.17, CFI = 0.89, TLI = 0.97.

Together these analyses suggest that it might not be sen-

sible to include all 56 items in a unidimensional model.

However, since there was one clearly dominating factor, it

seemed plausible that we could find a unidimensional

model, including the QLQ-C30 PF items and a reasonable

number of the candidate items. Using an exploratory factor

analysis approach to divide the items into two or more

factors did not result in meaningful factors: each factor was

a mix of items from the different PF aspects and of items of

different ‘‘difficulty’’, e.g., some walking items loaded on

one factor, while other loaded on another. Therefore, as the

next step, we investigated the fit of unidimensional models

consisting of the QLQ-C30 PF items and various subsets of

the candidate items. We started with the items that seemed

to have the best fit based on the results from the previous

steps, evaluated these one at a time (in the model including

the QLQ-C30 items), and included them if it did not result

in poor model fit. At the same time, we tried to include

items with an eye towards maintaining adequate content

coverage (with regard to both aspects and levels of PF). All

candidate items were evaluated in these analyses.

In this way, it was possible to include 34 of the 56 items.

The fit indices of this model were RMSEA = 0.09, CFI =

0.94, and TLI = 0.98 indicating acceptable to good fit. If

we added any additional items, at least one of the fit indices

indicated poor fit. A scree plot for these 34 items also

indicated that one factor would be sufficient (details not

shown).

Inspection of residual correlations for the 34 items

revealed that, of the 561 possible correlations, seven

(1.2%) were[0.2 and three (0.5%) were[0.25 (details not

shown). Since no clear pattern was observed in these

Table 1 Sociodemographic and clinical characteristics of the study

sample (N = 1176)

N/mean

Age (mean years) 58 (range 18–91)

Gender

Male 524 (45%)

Female 648 (55%)

Country

Denmark 412 (35%)

France 314 (27%)

Germany 163 (14%)

Italy 87 (7%)

Taiwan 100 (9%)

UK 100 (9%)

Education (years)

0–10 315 (27%)

11–13 265 (23%)

14–16 280 (24%)

[16 281 (24%)

Work

Working 389 (33%)

Retired 557 (47%)

Other 212 (18%)

Cohabitation

Living with a partner 844 (72%)

Living alone 305 (26%)

Cancer stage

I–II 399 (34%)

III–IV 583 (50%)

Cancer site

Breast 150 (13%)

Gastrointestinal 135 (11%)

Gynaecological 180 (15%)

Head and neck 163 (14%)

Lung 52 (4%)

Urogenital 181 (15%)

Other 124 (11%)

Current treatment

Chemotherapy 443 (38%)

Other treatment 97 (8%)

No current treatment 605 (52%)

Qual Life Res (2011) 20:479–490 483

123



Table 2 Descriptive statistics for the 56 candidate items for the PF item pool

Item no, abbreviated item text Response

rate (%)

Mean (SD) % ‘‘Not at all’’

(ceiling)

Correlationb

Item 1, lifting a full cup or glass to your mouth 99.4 2.93 (0.34) 94.6 0.65

Item 2, help to walk about indoors 99.4 2.88 (0.48) 92.6 0.81

Item 3, walking 100 m 98.6 2.70 (0.71) 81.3 0.88

Item 4, help caring for your feet 99.4 2.60 (0.86) 78.0 0.65

Item 5, walking around indoors 99.1 2.86 (0.49) 90.7 0.77

Item 6, walking up a flight of stairs 99.1 2.58 (0.79) 72.4 0.83

Item 7, help eating, dressing, washinga 99.3 2.91 (0.41) 94.3 0.78

Item 8, help with grooming 99.3 2.93 (0.34) 95.0 0.83

Item 9, walking down a flight of stairs 99.3 2.74 (0.64) 83.1 0.82

Item 10, walking over uneven ground 99.1 2.64 (0.72) 75.2 0.81

Item 11, walking for 30 min 98.9 2.36 (0.98) 63.3 0.88

Item 12, walking 100 m on level ground 98.8 2.68 (0.74) 81.5 0.88

Item 13, help putting on or taking off trousers 99.2 2.91 (0.40) 94.1 0.80

Item 14, help taking a shower 99.1 2.86 (0.53) 91.8 0.82

Item 15, lifting a box weighing 10 kg 99.3 2.13 (1.08) 52.2 0.81

Item 16, hiking 3 km 98.6 1.88 (1.18) 43.1 0.89

Item 17, participating in strenuous sports 97.6 0.95 (1.09) 14.0 0.78

Item 18, help dressing 99.4 2.91 (0.39) 94.4 0.81

Item 19, help putting on your shoes 99.3 2.88 (0.45) 92.2 0.80

Item 20, trouble taking a long, brisk walk 98.6 1.91 (1.13) 41.9 0.88

Item 21, walking outdoors on flat ground 98.4 2.65 (0.76) 78.1 0.85

Item 22, help brushing your teeth 98.6 2.97 (0.21) 98.0 0.73

Item 23, walking 500 m 98.4 2.48 (0.93) 71.1 0.87

Item 24, climbing three flights of stairs 98.2 2.01 (1.10) 45.0 0.85

Item 25, walking a few steps 98.5 2.91 (0.39) 93.5 0.81

Item 26, stay in bed or a chair during the daya 98.5 2.59 (0.73) 71.0 0.63

Item 27, lifting a box weighing 10 kg and carrying it 97.9 1.93 (1.15) 44.3 0.83

Item 28, help pulling on a sweater 98.6 2.93 (0.36) 95.1 0.77

Item 29, help putting on a shirt 98.5 2.93 (0.35) 95.8 0.79

Item 30, doing strenuous activitiesa 98.9 1.95 (1.07) 40.0 0.77

Item 31, walking 100 m carrying a heavy shopping bag 98.4 1.86 (1.12) 38.7 0.88

Item 32, getting down an object weighing 2 kg 98.9 2.50 (0.88) 70.0 0.79

Item 33, bending over 98.5 2.62 (0.75) 74.6 0.79

Item 34, running 1 km 97.5 1.25 (1.18) 21.4 0.82

Item 35, running fast 97.4 1.15 (1.16) 18.7 0.81

Item 36, walking 10 m inside 98.4 2.84 (0.53) 90.0 0.78

Item 37, taking a short walka 99.0 2.78 (0.59) 85.0 0.85

Item 38, taking a brisk walk 99.0 2.22 (0.99) 52.7 0.89

Item 39, walking without losing your balance 98.9 2.72 (0.64) 80.9 0.75

Item 40, walking 1 km 98.3 2.24 (1.08) 60.3 0.89

Item 41, carrying a heavy bag upstairs 98.3 1.90 (1.09) 38.4 0.89

Item 42, help washing your face and hands 99.1 2.97 (0.22) 98.1 0.85

Item 43, help to go to the lavatory 98.7 2.96 (0.26) 97.7 0.93

Item 44, walking 10 m outside 98.5 2.84 (0.50) 89.0 0.78

Item 45, running 100 m 97.2 1.61 (1.21) 33.6 0.83

Item 46, taking a long walk carrying a heavy pack 97.4 1.43 (1.20) 26.8 0.89

Item 47, taking a long walka 97.8 1.95 (1.17) 47.3 0.79

Item 48, running up three flights of stairs 97.9 1.30 (1.21) 24.0 0.82
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correlations (i.e., they may just be random findings), all 34

items were retained in a unidimensional PF model.

Calibration of the IRT model and evaluation of item fit

There were no indications of violations of the assumption

of monotonicity for the 34 items (details not shown).

Therefore, we calibrated a GPCM to all 34 items. Because

the highly skewed distributions of some items might make

calibration problematic and to obtain more robust param-

eter estimates, we collapsed (combined) response catego-

ries with less than 10 responses. This means that some

items only have two or three effective categories. Fewer

categories mean that less information can be obtained with

an item, but we judged this better than to risk getting

imprecise parameter estimates or discarding such items.

Further, some items had disordered threshold parameter

estimates (lower threshold for higher category). Technically,

this might not be a problem, but it might reflect that some

items have lacked responses in the upper categories to obtain

robust parameter estimates or that the patients have had

difficulties distinguishing between/correctly using the

response categories for some items. Hence, to avoid such

potential problems, such categories were collapsed (see

Table 4).

Based on the evaluations of item fit, we deleted three

items: item 2 had P \ 0.001 for the Muraki fit test and the

difficulty level and content of the item seemed to be cov-

ered by several better fitting items; item 48 had P \ 0.001,

RMSE = 0.63 (on a 0–3 scale) and for 13% of the patients,

the observed and expected responses differed more than

one response category; item 51 had P \ 0.001 and disor-

dered threshold parameters.

We recalibrated the GPCM to the remaining 31 items.

The parameter estimates and fit statistics are summarized in

Table 4. Item 35 had P \ 0.001, but since this was one of

the few items relevant for patients with good PF, and the

bias and RMSE were relatively small, we decided to keep

the item. Otherwise, the fit of these 31 items appeared

satisfactory.

The 31 items appeared to provide good content coverage

of the PF aspects of interest and there was good variability

in the difficulties of the items, although the item pool has

relatively few items at the upper extreme. Figure 1 shows

the total information for the 31 items. The plot shows that

the items provide good information for a wide range of PF

(PF scores around -2.5 to 0.5, roughly corresponding to

10–80 if transformed to a 0–100 scale). The measurement

precision is lower only for patients at the extremes, par-

ticularly for patients with good PF. For comparison, the

information of the five QLQ-C30 PF items is also shown.

As can be seen, these have markedly lower information

than the total item pool across the whole PF continuum.

Table 2 continued

Item no, abbreviated item text Response

rate (%)

Mean (SD) % ‘‘Not at all’’

(ceiling)

Correlationb

Item 49, carrying something weighing 5 kg 98.5 2.11 (1.09) 51.9 0.83

Item 50, help to walk about outside 98.5 2.78 (0.66) 87.6 0.83

Item 51, help washing and drying whole body 98.7 2.89 (0.45) 92.7 0.77

Item 52, help undressing 99.0 2.93 (0.34) 95.6 0.84

Item 53, carrying something in both hands while climbing stairs 98.8 2.03 (1.10) 47.3 0.85

Item 54, help eating 99.1 2.96 (0.26) 97.5 0.64

Item 55, lifting a full teapot/coffeepot 98.8 2.86 (0.47) 89.6 0.74

Item 56, running a short distance 98.5 1.86 (1.18) 42.5 0.86

The items are scored: 0 = ‘‘very much’’, 1 = ‘‘quite a bit’’, 2 = ‘‘a little’’, and 3 = ‘‘not at all’’
a EORTC QLQ-C30 PF item
b Polychoric correlation with the sum scale based on the five QLQ-C30 PF items. For each of the five QLQ-C30 items, the correlation is with the

sum scale of the other four C30 PF items

Table 3 Eigenvalue analysis of the initial 56 candidate items and for

the 31 items in the final PF pool, respectively

Factors F1 F2 F3 F4 F5 F6 F7

Initial 56 items

Eigenvalues 37.4 5.9 2.1 1.3 1.0 0.8 0.6

Difference in eigenvalues 31.5 3.9 0.7 0.3 0.2 0.2 0.0

Explained variation (%) 66.8 10.6 3.7 2.4 1.8 1.5 1.1

Cumulated explained

variation (%)

66.8 77.4 81.1 83.5 85.3 86.8 87.9

Final 31 items

Eigenvalues 22.1 2.0 1.0 0.7 0.6 0.5 0.5

Difference in eigenvalues 20.1 1.0 0.3 0.1 0.1 0.0 0.0

Explained variation (%) 71.3 6.4 3.3 2.4 2.1 1.8 1.6

Cumulated explained

variation (%)

71.3 77.7 81.0 83.4 85.5 87.2 88.8
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For the scale based on the 31 items, 0.3% responded ‘‘very

much’’ to all items (floor effect) and 14.1% responded ‘‘not

at all’’ to all items (ceiling effect), respectively. For the

QLQ-C30 PF scale, the floor and ceiling effects were 0.7

and 31.2%, respectively.

Test for differential item functioning (DIF)

There were no indications of significant and relevant non-

uniform DIF. Table 5 presents the findings of significant

and potentially relevant uniform DIF. There was no sig-

nificant DIF with regard to cancer site, cancer stage, cur-

rent treatment, education, work, or cohabitation, and only

item 4 showed DIF with regard to age. Nine items showed

gender DIF. There was a general trend that women found

Table 4 Parameter estimates,

number of effective categories,

and fit statistics for the 31 items

in the final IRT model

Item No. of

categories

Slope Mean

threshold

Item fit

P-value

Bias RMSE

Item 1 2 2.29 -1.99 0.213 0.000 0.18

Item 3 4 3.42 -1.33 0.003 0.004 0.39

Item 4 2 1.99 -0.99 0.177 0.002 0.34

Item 6 4 2.95 -1.21 0.054 0.004 0.45

Item 7 4 2.99 -2.01 0.001 0.002 0.22

Item 8 3 3.09 -1.91 0.130 0.001 0.19

Item 11 4 3.05 -0.87 0.286 0.005 0.50

Item 15 4 1.87 -0.68 0.049 0.006 0.68

Item 16 4 3.33 -0.39 0.005 0.008 0.54

Item 18 4 3.27 -2.07 0.002 0.001 0.21

Item 21 4 3.07 -1.28 0.007 0.004 0.43

Item 25 3 3.42 -1.83 0.007 0.001 0.20

Item 26 4 1.09 -1.69 0.254 0.003 0.60

Item 29 2 2.83 -1.93 0.386 0.000 0.15

Item 30 4 2.94 -0.46 0.012 0.008 0.56

Item 32 4 1.86 -1.15 0.010 0.004 0.59

Item 33 4 2.15 -1.36 0.015 0.004 0.49

Item 35 4 2.61 0.32 \0.001 0.001 0.57

Item 37 4 3.52 -1.54 0.005 0.003 0.33

Item 41 4 4.16 -0.40 0.061 0.008 0.47

Item 42 2 3.28 -2.24 0.140 0.000 0.10

Item 45 4 2.89 -0.14 0.046 0.010 0.59

Item 46 4 3.61 0.04 0.071 0.012 0.51

Item 47 4 3.22 -0.45 0.083 0.007 0.55

Item 49 4 2.31 -0.63 0.057 0.007 0.63

Item 50 2 4.45 -1.16 0.031 0.001 0.22

Item 52 3 4.33 -1.81 0.002 0.001 0.15

Item 53 4 3.58 -0.54 0.034 0.007 0.51

Item 54 2 2.24 -2.41 0.793 0.000 0.13

Item 55 2 2.32 -1.52 0.019 0.001 0.25

Item 56 4 3.58 -0.37 0.050 0.008 0.53
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Fig. 1 Test information function for the 31 items in the final model

and for the five EORTC QLQ-C30 PF items, respectively
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lifting or carrying objects more demanding than did men,

but regarded walking and running as relatively less

demanding than men. Of the 31 items, 21 showed potential

problems with country DIF. There was a tendency for

patients from the United Kingdom to respond differently to

items using units in the metric system. Otherwise, there

were no obvious trends for the findings of country DIF.

To evaluate the impact of the DIF findings for the

estimation of the PF score, we compared the PF scores

obtained with the model ignoring DIF with the model

taking DIF into account for item 8 (largest DIF), item 7

(large DIF in the same direction as item 8), and items 15

and 49 (two largest gender DIF). The comparisons are

summarized in Table 6. The DIF in the individual items

Table 5 Results of DIF analysis for the 31 items in the final IRT model

Item Age Gender Country

b (CI)a P-value b (CI)b P-value b (CI)c P-value

Item 1

Item 3 1.83 (1.05; 2.61) \0.0001

Item 4 1.33 (0.32;2.34) 0.0006

Item 6 -1.60 (-2.39; -0.82) 0.0008

Item 7 -2.29 (-3.69; -0.89) \0.0001

Item 8 -3.94 (-5.79; -2.08) \0.0001

Item 11 -1.16 (-1.52; -0.80) \0.0001 1.41 (0.75; 2.08) \0.0001

Item 15 1.89 (1.56; 2.22) \0.0001 -1.72 (-2.44; -1.00) \0.0001

Item 16 -1.03 (-1.74; -0.32) \0.0001

Item 18

Item 21 1.29 (0.35; 2.22) 0.0002

Item 25

Item 26 -1.70 (-2.33; -1.08) \0.0001

Item 29

Item 30 1.32 (1.01; 1.64) \0.0001 0.83 (0.14; 1.52) \0.0001

Item 32 1.11 (0.75; 1.48) \0.0001 -2.01 (-2.76; -1.27) \0.0001

Item 33

Item 35 -1.07 (-1.68; -0.44) \0.0001

Item 37 1.77 (0.99; 2.55) \0.0001

Item 41 0.86 (0.53; 1.19) \0.0001 -1.75 (-2.36; -1.14) \0.0001

Item 42

Item 45 2.00 (1.30; 2.70) \0.0001

Item 46 1.07 (0.34; 1.79) \0.0001

Item 47 -0.74 (-1.05; -0.42) \0.0001 1.27 (0.65; 1.90) \0.0001

Item 49 1.47 (1.14; 1.79) \0.0001 -1.84 (-2.56; -1.12) \0.0001

Item 50

Item 52

Item 53 0.73 (0.41; 1.06) \0.0001 1.18 (0.44; 1.92) \0.0001

Item 54 -2.98 (-4.96; -1.00) 0.0003

Item 55

Item 56 -0.92 (-1.25; -0.59) \0.0001 1.36 (0.61; 2.11) 0.0005

Regression coefficients (95% CI) and P-values for the significant findings of uniform DIF

There was no significant DIF with regard to cancer site, cancer stage, current treatment, education, work, or cohabitation
a Largest regression coefficient for an age group when comparing with patients C70 years. A coefficient [0 indicates patients C70 years are

more likely to report problems on the item
b A coefficient [0 indicates women are more likely to report problems on the item
c Largest regression coefficient for a country when comparing with United Kingdom. A coefficient [0 indicates UK patients are more likely to

report problems on the item
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had almost no effect when using all 31 items to estimate

the PF score; the possible DIF effect was ‘‘neutralised’’ by

the other items. In a CAT, only a subset of items will

typically be used to estimate PF. However, even in the

extreme case, using the DIF item only to estimate PF, the

DIF had only minor impact on the estimation of PF: all

correlations between PF scores based on the two models

were C0.98, median differences were \0.10, and all dif-

ferences were below the median standard error (SE) for the

PF estimate. However, when taking the possible DIF for

items 7 and 8 into account simultaneously (‘‘7 ? 8’’ in

Table 6), some differences were approaching the median

SE (up to 0.9*median SE).

Evaluation of discarded items and final IRT calibration

The evaluations of the items discarded in the previous steps

indicated that adding any of these to the model again would

result in significantly poorer model fit. Therefore, no items

were reinstated. The 31 items included in the final model

and their parameter estimates are shown in Table 4. Results

of an eigenvalue analysis for the 31 items are shown in

Table 3.

Discussion

We have reported on the selection and calibration of

items for the EORTC PF item pool. The items of the

original QLQ-C30 PF scale are somewhat heterogeneous

capturing several important aspects of PF. We have pre-

viously reported on evidence of DIF for this scale [34].

Hence, we anticipated that it would be difficult, if not

impossible, to find a perfectly unidimensional, DIF-free

construct covering the same aspects as the QLQ-C30 PF

scale. The aim was to generate an item pool covering the

same aspects of PF as the QLQ-C30 scale, while main-

taining a relatively simple and unidimensional structure.

For this, we chose a pragmatic approach: accepting some

deviations from ‘‘perfect fit’’ provided the deviations did

not seem to have substantial impact on the estimation of

the PF score.

Using standard criteria for evaluating factor analytic

results, our item pool had an acceptable fit to a unidi-

mensional model. The fit statistics observed for our item

pool are comparable to or better than those reported in

similar studies on the development of CAT for measuring

HRQOL domains [16, 17, 35].

Because of multiple testing, and because fit statistics are

highly sensitive to sample size [8], we required clear

indications of misfit to the IRT model (P \ 0.001) before

considering removing an item from the item pool. For

example, taking a random subsample of 400 patients

(approximately a third of our sample), all item fit statistics

had P C 0.02 and all except four were[0.05, while in the

full sample, 17 items had P \ 0.05. Furthermore, the

model was able to predict item responses quite well with

very little systematic bias and only minor noise. We con-

cluded that the fit of the 31 items in the final model was

adequate, and are confident that possible deviations from

perfect fit do not affect the estimation of PF.

About two-thirds of the items showed indications of

large DIF. However, even the most pronounced DIF find-

ings, clearly exceeding previously used cut-offs for large

and relevant DIF [27, 28, 34], were found to have negli-

gible impact on the estimation of PF. However, we did find

that, if PF was estimated from two or more items with the

same kind of DIF, it may result in relevant bias in the PF

score. To avoid such problems, the CAT algorithm can be

programmed to avoid posing only questions with similar

DIF. Instead, one can counterbalance a DIF item with an

item without DIF or with DIF in the opposite direction.

For a questionnaire such as the QLQ-C30, which

includes a limited number of items per HRQOL domain,

CAT has the potential for significantly improving mea-

surement precision, even with relatively small item pools.

The PF item pool includes 31 items, six times as many as

the original scale. We found that the item pool provides

good information for a wide range of PF scores and good

coverage of the PF aspects assessed in the QLQ-C30.

Table 6 Evaluation of the impact of DIF findings on the estimation of the PF score

Item DIF PF scores based on all 31 items PF scores based on DIF item(s) only

Median diff. Range of diff. Corr. [Median SE(h) (%) Median diff. Range of diff. Corr. [ Median SE(h) (%)

7 Country 0.00 -0.04; 0.02 1.00 0 -0.02 -0.10; 0.34 0.99 0

8 Country 0.00 -0.03; 0.01 1.00 0 -0.02 -0.14; 0.37 0.98 0

7 ? 8 Country 0.00 -0.05; 0.02 1.00 0 -0.03 -0.13; 0.43 0.99 0

15 Gender 0.00 -0.02; 0.04 1.00 0 0.08 -0.28; 0.14 0.98 0

49 Gender 0.00 -0.01; 0.02 1.00 0 0.08 -0.23; 0.12 0.99 0

Comparison of scores based on the model ignoring DIF and models taking DIF into account
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However, for patients with good PF, the item pool has

suboptimal measurement precision. That is, the item pool

may lack items to distinguish precisely between patients

with good and very good PF. Such items may be added at a

later stage, but in many clinical studies, it may not be

important to be able to distinguish precisely between

patients with good and very good PF, since neither needs

treatment nor intervention. Further, we would note that also

at the extremes, the new item pool has markedly better

precision than the original QLQ-C30 PF scale. The preci-

sion and efficiency of the PF CAT, and its acceptability by

patients, will be further evaluated in future analyses.

Because the item pool covers the same PF aspects and

includes the QLQ-C30 PF items, scores based on the PF

CAT can be compared with the large extant literature using

the original QLQ-C30 scale.

We have restricted the current study to the development

of CAT for the PF aspects measured by the QLQ-C30 and

have retained the same item format as the QLQ-C30. This

will ensure backward compatibility with the QLQ-C30, and

for the many users familiar with QLQ-C30, the new

instrument will be within a well-known measurement

framework. However, the CAT instrument will not cover

potentially relevant PF aspect not included in the QLQ-

C30, and the restriction of the item format may limit the

number of items that can be included in the item pool. The

CAT instrument developed in the current study should be

regarded as a first important step in the development of a

new EORTC instrument, which may at later stages include

other PF aspects and/or other response formats if this is

deemed relevant.

Other CAT measures of PF are being developed. Most

of these have focused on a specific patient population or

type of impairment. This includes CAT for assessing PF in

palliative care [36], in post-acute care rehabilitation [37], in

children with cerebral palsy [38], and in patients with foot

or ankle impairments [39], shoulder impairments [40], or

lumbar spine impairments [41]. To our knowledge, our

effort is the first to develop a CAT-based HRQOL mea-

surement system for patients with cancer in general, in an

international context.

The US-based Patient-Reported Outcomes Measurement

Information System (PROMIS) project is developing CAT

for the measurement of several HRQOL domains including

PF for use across a wide range of chronic diseases [42, 43].

It will be of interest to compare the performance of the

PROMIS measures to that of other CAT-based measures

that have been developed for specific patient populations.

In conclusion, we believe that we have established a

useful and suitable item pool for CAT measurement of PF

that will clearly improve the EORTC measurement of PF.

Together with a previous publication presenting the initial

steps of this developmental process [6], the current paper

provides a complete picture of the EORTC approach to

generating CAT versions of the HRQOL domains in the

QLQ-C30. The methods used and experience gained in

developing this CAT-based measure will serve as the basis

for the development of item pools and CAT versions for

the remaining QLQ-C30 domains.
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