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Abstract
Objectives: The European Organisation for Research and Treatment of Cancer (EORTC) Quality of Life Group is developing a computer-adaptive test (CAT) version of the EORTC Quality of Life Questionnaire (QLQ-C30). We evaluated the measurement properties of
the CAT versions of physical functioning (PF) and fatigue (FA) and compared these with the corresponding QLQ-C30 scales.
Study Design and Setting: Based on international samples of more than 1,000 cancer patients, we simulated CAT administration of
varying numbers of items and compared the resulting scores with those based on all items in the respective item pools. Furthermore,
the relative validity (RV) of CATs was compared with that of the QLQ-C30 scales using known groups validity.
Results: For both dimensions, CATs of all lengths resulted in unbiased score estimates. CATs consisting of five or more items had
reliabilityO0.90, correlated 0.97 with the full scale, and had root mean square error !0.25. The average RVs for these CATs ranged
1.02e1.33, indicating possible savings in sample size requirements of 3e42% using CAT.
Conclusion: The CAT versions of PF and FA exhibited high levels of measurement precision and efficiency. The potential savings in
sample size requirements using CATs compared with those using the original QLQ-C30 scales were typically 20% or more. Ó 2013
Elsevier Inc. All rights reserved.
Keywords: Computer-adaptive test; EORTC QLQ-C30; Fatigue; Physical functioning; Quality of life; Relative validity
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1. Introduction
With the widespread access to and use of computers,
tablets, smartphones, and the Internet, the assessment of
patient-reported outcomes (PROs) is increasingly carried
out electronically. Computer-adaptive testing (CAT) is a sophisticated method for assessing PROs electronically [1,2].
CAT tailors the item set to the individual patient. This is
achieved by repeatedly estimating the patient’s symptom
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What is new?
 The European Organisation for Research and
Treatment of Cancer (EORTC) computer-adaptive
test (CAT) instrument being developed measures
physical functioning (PF) and fatigue (FA) with
high levels of measurement precision and
efficiency
 The potential savings in sample size requirements
in health-related quality of life studies using CAT
measures compared with using the original
EORTC Quality of Life Questionnaire scales were
typically 20% or more
 The CAT instrument may improve the EORTC
measurement of PF and FA

or functional level based on responses to previous questions
and then selecting and presenting the most appropriate item
for that symptom/functional level. CAT has several theoretical advantages including higher measurement precision
and/or reduced response burden compared with traditional
fixed-length measures requiring that all patients respond
to the same set of questions.
The European Organisation for Research and Treatment
of Cancer (EORTC) Quality of Life Group is currently developing a CAT version of the EORTC Quality of Life
Questionnaire (QLQ-C30) [3], one of the most widely used
health-related quality of life (HRQOL) questionnaires in
cancer research [4,5]. The aim was to construct a more precise, efficient, and flexible instrument that will allow for the
precise measurement of individuals, adaptation to different
patient populations, and so forth. Once this developmental
work is completed, the resulting CAT version can be used
as an alternative to QLQ-C30 during a transition period.
In the long run, the CAT version may preempt the original
QLQ-C30 as the primary core EORTC quality of life instrument. Note that, as the QLQ-C30 scales are short (mostly
just one or two items), for most QLQ-C30 dimensions,
we do not expect that the new instrument will result in
shorter scales rather in better and more precise measurement. The first two EORTC CAT item banks that have been
developed cover physical functioning (PF) and fatigue (FA)
[6e9].
Although, theoretically, CAT has clearly superior measurement properties compared with traditional measures
such as the fixed-length sum scales of QLQ-C30, it will differ across instruments, dimensions, and patient populations
how these superior measurement properties translate into
practical advantages in conducting PRO research. Using
CAT measurement, the number of items (the length of the
questionnaire) is selected for each study. This choice usually involves a trade-off between speed (few items) and
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precision (many items). Hence, information about measurement efficiency and precision (i.e., how reliable and valid
the CAT is with a given number of items) is vital to be able
to optimize CAT for a specific study. Furthermore, it may
be of particular interest for many users of QLQ-C30 to
know whether they can expect savings in study time and/
or expenses using the CAT version rather than the existing
and familiar fixed-length and fixed-format versions. Evaluation based on the CAT item banks for PF and FA may give
valuable information about the measurement quality of the
EORTC QLQ-C30 CAT and what may be gained from using CAT.
The aims of the present study were to assess the (1) measurement precision/efficiency of the CAT versions of the
EORTC QLQ-C30 PF and FA scales, the first two CATs
that have been developed for this questionnaire and (2) potential reduction in sample size requirements using various
CAT versions compared with using the original QLQ-C30
PF and FA scales.
2. Methods
2.1. Development of the EORTC CAT item pools
The aim of EORTC CATs is to measure the same
HRQOL dimensions as measured with QLQ-C30 but with
higher efficiency and precision. For each dimension, the
item pool development can be divided into four phases:
(1) literature search to gain knowledge about the dimension
and identify existing items used to measure the dimension;
(2) based on (1) to formulate new items measuring the relevant aspects of the dimension and following the item style
of QLQ-C30; (3) interviewing cancer patients from at least
three countries to evaluate the content, formulation, and so
forth of the items; and (4) finally, collecting responses to
the candidate items from at least 1,000 patients which will
form the basis for the psychometric analyses and final selection and item response theory (IRT) calibration of items
for the pools. Using these developmental steps, we have
constructed a PF item pool of 31 items and an FA pool
of 34 items. For further details on the development, please
see refs. [6e9].
2.2. Sample
For the development of the PF and FA item pools, we
had collected responses to the candidate items from 1,176
and 1,321 cancer patients coming from six and eight countries, respectively [7,9] (see Table 1 for details). These two
samples form the basis for the analyses reported in the present article.
2.3. Item pools
The PF item pool consists of 31 items (including the five
QLQ-C30 PF items), and the FA pool consists of 34 items
(including the three QLQ-C30 FA items). All items use
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Table 1. Sociodemographic and clinical characteristics of the two
analytic samples (NPF 5 1,176 and NFA 5 1,321)
Characteristics
Age (yr), mean (range)
Gender (%)
Male
Female
Country (%)
Australia
Austria
Denmark
France
Germany
Italy
The Netherlands
Spain
Taiwan
UK
Education, yr (%)
0e10
11e13
14e16
O16
Work (%)
Working
Retired
Other
Cohabitation (%)
Living with a partner
Living alone
Cancer stage (%)
IeII
IIIeIV
Cancer site (%)
Breast
Gastrointestinal
Gynecological
Head and neck
Lung
Urogenital
Other
Current treatment (%)
Chemotherapy
Other treatment
No current treatment

PF sample, N/mean
58 (18e91)
524 (45)
648 (55)

FA sample, N/mean
59 (18e99)
537 (41)
778 (59)

100
100

d
d
(35)
(27)
(14)
(7)
d
d
(9)
(9)

(9)
(14)
(26)
(16)
(8)
d
98 (7)
85 (6)
d
184 (14)

315
265
280
281

(27)
(23)
(24)
(24)

243
403
334
307

412
314
163
87

122
183
340
209
100

(18)
(31)
(25)
(23)

389 (33)
557 (47)
212 (18)

418 (32)
624 (47)
250 (19)

844 (72)
305 (26)

931 (71)
369 (28)

399 (34)
583 (50)

612 (46)
538 (41)

150
135
180
163
52
181
124

299
191
167
113
87
150
306

(13)
(11)
(15)
(14)
(4)
(15)
(11)

443 (38)
97 (8)
605 (52)

(23)
(15)
(13)
(9)
(7)
(11)
(23)

558 (42)
248 (19)
511 (39)

Abbreviations: PF, physical functioning; FA, fatigue.

a 4-point response scale: ‘‘not at all,’’ ‘‘a little,’’ ‘‘quite
a bit,’’ and ‘‘very much.’’ The PF items do not refer to a specific time frame but ask about performing a task generally,
whereas the FA items use a ‘‘during the past week’’ recall
period. Based on the information functions, both item pools
were found to provide highly reliable measurement for
wide ranges of PF and FA, about 3.0e3.5 SD units [7,9].
2.4. Evaluation of measurement precision
The evaluation of measurement precision was based on
the observed responses of the patients from the two samples. From each patient’s responses to the items in an item
pool, we simulated how a CAT administration would have
proceeded, assuming that the patients would have answered

the questions in the same way had they responded to a CAT
version of the questionnaire. Close agreement between responses to computerized and conventional paper questionnaires has been found [10].
For each of the PF and FA item pools, we evaluated the
measurement precision of all possible ‘‘fixed-length’’
CATs, varying from 1 item to all 1 items. Other stopping
rules than the number of items asked (e.g., fixed information) may be used in CAT measurement. Here, we have focused on fixed-length CATs as these allow for the simplest
and most direct comparison of the measurement properties
of CATs and the standard fixed-length QLQ-C30 scales.
The q estimates based on these CATs were compared with
those using all items in each item pool. That is, we used the
full-length q as the ‘‘gold standard.’’ The first item used for
each CAT version was the item that provided the most information at the prior mean, that is, at 0. At each step of
the CAT procedure, the item with the maximum information at the current q estimate was selected. The q was estimated using expected a posteriori (EAP) estimation [11].
2.5. Evaluation of statistical power
We used the method of known groups comparison [12]
to evaluate the statistical power of CATs in detecting group
differences compared with that of the two original QLQC30 scales. These comparisons yielded information on
the potential savings in sample size requirements if one
were to use the CAT measures instead of the original
QLQ-C30 PF and FA scales. We used two-sample t-test
sizes to calculate the relative validity (RV) [12] of the
CAT measures compared with the original QLQ-C30
scales.
We conducted two types of known groups comparisons:
one based on the observed data and one based on the simulated data. For the analyses based on the observed data, we
posed a priori hypotheses based on differences (definitely)
expected in PF and FA as a function of various patient characteristics (Table 1). Specifically, we hypothesized that (1)
there would be significant differences in PF and FA across
age (i.e., older patients would have significantly worse PF
and FA than younger patients, with age divided at the median of 60 years); (2) patients with stage III or IV disease
would have significantly worse PF and FA than those with
stage I or II disease; (3) patients who were not employed
would have significantly worse PF than those who were
employed; and (4) finally, patients undergoing chemotherapy at the time of questionnaire completion would be
significantly more fatigued than those not receiving
chemotherapy.
RV was calculated when at least one measure (the CAT
version or original QLQ-C30 scale) yielded statistically
significant group differences (P ! 0.05), as hypothesized.
Based on these RVs, we estimated the potential savings
in sample size requirements based on the CAT versions,
to detect an effect size (ES) of 0.5, with power of 0.80,
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and a set at 0.05. The expected savings for any combination
of power and ES will be similar to those presented here, except in very extreme cases with very low power or high ES.
Although we expected that the aforementioned groups
would differ, we did not know whether this would be the
case or size of such differences. Therefore, in addition to
the known group comparisons based on actual data, we also
evaluated known groups validity based on simulated data.
Specifically, we simulated responses to the items in the
two-item pools based on q’s sampled from N(ε,1), with different mean values ε. From these simulated responses, we
derived fixed-length CAT measurement and calculated the
QLQ-C30 scale scores. As was the case with the real data,
we compared the ability of these simulated CAT and QLQC30 scale scores to detect group differences using t-tests
and RVs.
Simulating the responses using the IRT models forming
the basis for CATs might favor CATs. Therefore, to make
the comparisons ‘‘fair,’’ we divided the full-length q estimates in the observed samples into groups of approximately 50 patients, and in each q group, we calculated
the distribution of responses to each item. For each simulated q, we then randomly generated item responses based
on the distribution of responses in the q group to which it
belonged. In this way, the simulated responses depended
on the IRT model only through the use of q estimates to
construct the relevant response distributions from which
to simulate.
We compared groups of size N1 5 N2 5 25, 50, and 100,
respectively, and true ESs of 0.2, 0.5, and 0.8, respectively.
For each of these 3  3 5 9 possible settings, we ran 2,000
simulations. In addition, we evaluated the type I error rate
by sampling groups from the same distribution, that is,
ES 5 0. For each setting, we calculated the percentage simulations with P ! 0.05 (power) and the average RVs across
the 2,000 simulations. From the resulting RVs, we estimated the potential savings in sample size requirements using CAT. In the interest of space and clarity, we report here
only the results based on CATs of length 3, 5, 10, and maximum (i.e., all) items.
The simulations of CAT administration were performed
using the Firestar program [13]. All the other statistical
analyses were performed using SAS v. 9.1.3 (SAS Institute
Inc., Cary, NC, USA) [14].

3. Results
3.1. Evaluation of measurement precision
Fig. 1 shows the median and percentiles for the differences between q’s estimated with CATs of 1,2, ., all 1
items, respectively, and the full-length q. For both PF and
FA, the median differences were very close to 0 for all
CAT lengths. The percentiles indicated, however, that for
very short CATs, there were some deviations for most
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patients. For example, when only two items were used,
the CAT scores deviated about 0.2 or more for 50% of
the patients. However, with five or more PF items, the
CAT scores deviated less than 0.1 for 50% of the patients.
For FA, a similar level of precision required about 10 items.
The q estimates ranged about five points for both PF and
FA, indicating that a deviation of 0.1 is about 2% of the
possible score range.
Correlations and root mean square errors (RMSEs) of
the q’s estimated using CAT and the full-length q are
shown in Fig. 2. For both PF and FA, all CAT lengths correlated 0.85 with the full-length q; using three or more
items yielded correlations 0.95. The RMSEs ranged
from 0.00 to 0.52. With five or more items, the RMSEs
were !0.25 (corresponding to 5% of the total q range).
Fig. 3 shows the average reliability of CATs in the two
samples (calculated as 1  mean (SEM)2 [15]). When using
one item only, the reliabilities were low (!0.50); but with
just two items, the reliabilities were 0.75; and with five or
more items, the reliabilities of CATs were 0.88. The reliabilities of the full-length q estimates were 0.94 (PF) and
0.96 (FA). Thus, a CAT of five items had a reliability of more
than 90% of the reliability obtained when using all items.
3.2. Evaluation of statistical power
Fig. 4 shows the average RVs and relative sample size
requirements using CAT compared with those using the
original QLQ-C30 scales based on the observed data. Contrary to expectations, we did not observe a significant difference between younger and older patients for any of the
FA measures. Therefore, the results for FA were based on
the comparisons of cancer stage and chemotherapy use
only. For PF, the results indicated that there might be a considerable increase in the validity/reduction in sample size
requirements when using CAT. With just two items, PF
CAT was estimated to have the same power as the original
QLQ-C30 scale with only about 70% of the sample size.
Using five items, the sample size requirements could be reduced to about 60%. Using more than five items in CAT did
not seem to result in further reductions in sample size
requirements.
For FA, the estimated savings using CAT were considerably smaller. CATs of four or fewer items were estimated to
require larger sample sizes to obtain the same power as the
original QLQ-C30 scale. With six or more items, sample
size requirements were estimated to be 12e22% lower using CAT than using the original QLQ-C30 scale. Increased
savings in sample size requirements were noted with longer
CATs, up to CATs of about 20 items.
Based on the simulated responses, PF CATs and the
original QLQ-C30 scale had estimated type I error rates
ranging between 0.045 and 0.054, that is, very close to
the expected 0.05. For FA, the type I error rates ranged
from 0.040 to 0.047, that is, slightly below the expected
0.05 (detailed results not presented).
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PF CAT, differences to full length
1,00
0,80

5th percentile
25th percentile
Median difference

0,60

75th percentile
95th percentile

Difference in

scores

0,40
0,20
0,00
0
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3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

-0,20
-0,40
-0,60
-0,80
-1,00

Number of items in CAT

FA CAT, differences to full length
1,00
0,80

5th percentile
25th percentile
Median difference

0,60

75th percentile
95th percentile

Difference in

scores

0,40
0,20
0,00
0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

-0,20
-0,40
-0,60
-0,80
-1,00

Number of items in CAT

Fig. 1. Median and percentiles for differences between q based on fixed-length CATs and full-length q for PF and FA, respectively. CAT, computeradaptive test; PF, physical functioning; FA, fatigue.

Table 2 summarizes the known groups validity testing
based on the simulations. Contrary to the results based on
the observed responses, the results for these simulations
were very similar for PF and FA (usually within a few percent). Therefore, the table shows the average results across
the two dimensions. The table displays the power (i.e., the
magnitude of group differences detected) obtained using
the QLQ-C30 scales and CATs with 3, 5, 10, and all items,
as well as the respective RVs and sample size requirements.
An average of the results across the various settings is
shown at the bottom of the table. Across all combinations
of ES and sample size, the simulations estimated an increase in power using CAT of any length compared with
those using the QLQ-C30 scales. The power generally increased with the length of CAT. However, there were only
small gains from using more than five items. All the measures had low power to detect an ES of 0.2 for the studied
sample sizes. This was also the case when using the full-

length q’s, in which groups of 100 patients resulted in
a power of 35% to detect ES 5 0.2. At the other end of
the spectrum, all measures had power 95% to detect
ES 5 0.8 with groups of 50 or more patients. The increased
power using CAT resulted in estimated savings in sample
size requirements of 12e28%. On average, the savings
ranged from 15% using CATs with three items to 22%
using CATs with 10 or more items. The increased power using longer CATs was relatively small. On average, obtaining a given power required less than 3% larger samples
using a five-item CAT instead of using all items.

4. Discussion
One of the most important rationales advocating the use
of CAT is that by tailoring the item set to the individual
patient, more precise estimates of the patient’s symptom

M.Aa. Petersen et al. / Journal of Clinical Epidemiology 66 (2013) 330e339

335

PF CAT
1,00
0,90

Correlation/RMSE to full-length
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Number of items in CAT

FA CAT
1,00
0,90

Correlation/RMSE to full-length

0,80
0,70
0,60
Correlation

0,50

RMSE
0,40
0,30
0,20
0,10
0,00
0

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Number of items in CAT

Fig. 2. Correlations and RMSEs of q’s based on fixed-length CATs to full-length q for PF and FA, respectively. CAT, computer-adaptive test; PF,
physical functioning; FA, fatigue; RMSE, root mean square error.

burden, functional capacity, or health status can be obtained.
To evaluate the precision and efficiency of the EORTC CAT
measures of PF and FA, we compared scores obtained using
CATs of varying lengths with the full-length scores based on
all items. These evaluations confirmed that the CAT measures can be highly efficient and reliable: with just three
items (!10% of the item pools), the CAT scores correlated
0.95 with the full-length q’s; with five items (about 15% of
the item pools), the reliabilities of CATs were 0.88, corresponding to more than 90% of the reliability obtained when
administering all items. However, the results also indicated
that, for some patients, more items might be required to obtain a precise estimate. For example, using five items to measure FA, 10% of the patients obtained a q estimate deviating
more than 0.35 (about 7% of the score range) from the fulllength q. About half of these patients had relatively low information (high measurement error) based on the five-item
CAT. If a fixed information rather than a fixed-length

stopping rule had been used in CAT, these patients may have
been asked more items, and the deviations would likely have
been reduced. The remaining half may have had unexpected
responses to one or more items. Some of these unexpected
responses may be errors, but likely some patients have specific problems resulting in answers that differ from what we
would predict from the model. For example, a patient may
generally have a good PF and have no trouble taking a walk
or climbing stairs, but she may recently have broken her
wrist so that she find dressing and washing herself difficult.
Such specific problems may make it difficult to predict a patient’s score. But this is probably a universal problem applying to most instruments and populations. Still, the overall
picture derived from this set of analyses is that most patients’ scores can be estimated with a high degree of precision, using only three to five items. This means that the
CAT measures will also be suitable for measurement at
the individual patient level. Standard instruments will
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PF CAT
1,00
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0,80

Reliability
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0
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FA CAT
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Number of items in CAT

Fig. 3. The average reliability of CATs at the q estimates in the PF and FA sample, respectively. CAT, computer-adaptive test; PF, physical functioning; FA, fatigue.

typically be either too imprecise or too lengthy/time consuming for precise and efficient measurement at the individual level, but because of their high precision with only a few
items, these CAT measures may be highly useful, for example, for daily monitoring of the HRQOL of individual patients in a clinical setting.
The known group comparisons for FA of the original
QLQ-C30 scale and CAT-based observed data indicated
that with four or fewer items, CAT may have lower power
than the original scale. However, these comparisons were
based on two comparisons only and were not confirmed
by the more rigorous simulations, which showed increased
power also for these short FA CATs. Hence, these findings
may have been caused by coincidences favoring the sum
scale. In the same way, the findings for PF based on the observed data that using CAT with just two items may reduce
the sample size requirements with 30%, may be overly optimistic, and may have been caused by similar coincidences
here just favoring CAT.

All analyses indicated a possible increase in power/
reduction in sample size requirements using the CAT measures with five or more items compared with those using
the QLQ-C30 PF and FA scales. The simulations indicated
potential savings in sample size requirements using CATs
of five or more items of about 20%. This was generally
consistent with the findings from the analyses based on observed data for FA, whereas the results based on observed
data indicated a potential for even greater savings for PF.
Except for the emotional functioning scale, which consists of four items, the remaining dimensions assessed by
QLQ-C30 consist of only one or two items. The current results suggest that using just one item may result in relatively low precision but that there may be considerable
gain in reliability and validity when using CATs with only
a few additional items. Hence, for the one- and two-item
QLQ-C30 scales, there may be an even greater potential
for gain in measurement precision and sample size savings
from using CATs of just a few items (e.g., three to five
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Fig. 4. The average RV and relative required sample size using CAT measurement compared with those using the QLQ-C30 sum scale based on the
observed data. CAT, computer-adaptive test; QLQ-C30, Quality of Life Questionnaire; RV, relative validity.

items) than found here. We intend to investigate this in
future studies.
Clearly, there will be differences in sample size savings
depending on the characteristics of a study. The results presented in Table 2 for the different settings evaluated in the
simulations may be a good indication of the possible savings in a particular study. All in all, our results suggest that
a CAT of about five items may be a sensible choice in most
situations; this will yield precise score estimates for most
patients and potential sample size savings of about 20%.
It should be noted that the potential reduction in sample
size requirements is not necessarily proportional with increase in measurement precision. The main reason for this
is probably that the total variation measured in a sample
can be subdivided into that reflecting variation between
subjects (true variance) and that reflecting measurement
error. Clearly, only the latter source of variance can (and
should) be reduced via CAT.

Some limitations of the present study should be noted.
First, the analyses were based on the same data as was used
to calibrate the IRT models. This may have resulted in an
overestimation of precision. In the future, we intend to conduct additional analyses using independent data sets.
Second, the variables available to conduct the observed
data known groups comparisons were limited, and these
were not ‘‘gold standards.’’ Hence, we do not know whether
there were true differences between the groups compared,
and therefore, in principle, we do not know whether the
measure with the largest t-test size is actually the best. Nevertheless, we believe that the grouping variables used for
our study were reasonable choices for investigating the
known groups validity of the PF and FA measures.
Third, the simulated responses were, in part, based on
the calibrated IRT models. This may have favored the
CAT versions over the original QLQ-C30 scales. However,
this dependence was probably only minor because this
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Table 2. Summary of the simulations of the power of CAT measurement compared with those using the original QLQ-C30 PF and FA scale
CAT
Simulations
ES 5 0.2, N1 5 N2 5 25
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.2, N1 5 N2 5 50
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.2, N1 5 N2 5 100
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.5, N1 5 N2 5 25
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.5, N1 5 N2 5 50
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.5, N1 5 N2 5 100
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.8, N1 5 N2 5 25
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.8, N1 5 N2 5 50
Power (%)a
RVb
Sample requirement (%)c
ES 5 0.8, N1 5 N2 5 100
Power (%)a
RVb
Sample requirement (%)c
Total average
Power (%)a
RVb
Sample requirement (%)c

C30 sum scales

Three items

Five items

10 items

All items

10.3
1.00
100

12.4
1.13
78

12.5
1.17
73

12.8
1.18
72

12.8
1.16
74

15.4
1.00
100

18.3
1.11
81

19.5
1.15
76

20.4
1.17
73

19.9
1.16
74

27.2
1.00
100

32.3
1.10
83

33.5
1.14
77

35.5
1.17
73

34.7
1.16
74

36.8
1.00
100

39.7
1.07
88

40.9
1.09
84

42.4
1.11
81

42.7
1.12
81

61.4
1.00
100

68.1
1.07
88

69.6
1.09
84

70.9
1.11
81

71.6
1.12
81

89.7
1.00
100

92.1
1.07
88

93.2
1.09
84

94.5
1.11
81

94.6
1.12
81

71.2
1.00
100

77.6
1.10
85

79.3
1.11
81

80.2
1.12
81

80.3
1.13
77

94.8
1.00
100

97.6
1.09
85

97.9
1.11
81

98.3
1.12
81

98.5
1.13
77

99.9
1.00
100

100.0
1.09
85

100.0
1.11
81

100.0
1.12
81

100.0
1.12
81

56.3
1.00
100

59.8
1.09
85

60.7
1.12
80

61.7
1.13
78

61.7
1.14
78

Abbreviations: CAT, computer-adaptive test; QLQ-C30, Quality of Life Questionnaire; PF, physical functioning; FA, fatigue; RV, relative validity;
ES, effect size.
a
Percent simulations across PF and FA resulting in a t-test with P ! 0.05.
b
The average RV across PF and FA compared with that using the QLQ-C30 sum scale.
c
Sample size requirements compared with those using the original QLQ-C30 scales to obtain a power of 80% at a 5 0.05 to detect an ES of
0.2, 0.5, or 0.8, respectively.

dependence was only through the use of response patterns
in groups formed from the full-length q’s. The simulated
responses depended primarily on the observed item responses, which do not favor the CAT versions in particular;
in fact, the opposite could also have been the case.
Finally, we have focused on fixed-length CATs using
maximum information in q for item selection and EAP
for q estimation. Although these are commonly used settings, many other settings are possible in CAT, for example,
using a fixed information stopping rule or (weighted) maximum likelihood estimation of q. Varying all these settings
may affect the measurement properties of CAT, that is,

other settings may result in different findings than we have
observed here. Including evaluations of other settings
would be too extensive here but would clearly be relevant
in future studies.
Despite these limitations, we believe that the analyses
reported here provide useful information about and insight
into the performance of the CAT versions of the EORTC
QLQ-C30 PF and FA scales. We found these two CAT measures to be precise and efficient, even with only a few
items, making them suitable for measurement at the individual patient level. The potential savings in sample size requirements using these CAT measures rather than the
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existing QLQ-C30 scales varied as a function of the settings, but for most settings, the savings seemed to be about
20% or more. Even in light of the limitations noted previously, these findings confirm our expectation that the
CAT versions of EORTC QLQ-C30 scales provide a precise
and efficient means of assessing patients’ HRQOL. Future
studies will seek to replicate the positive results reported
here for PF and FA, not only for CATs simulated from
the full item pools in independent data sets but also for data
generated by CAT administration in clinical populations
and to determine if they also hold for other dimensions of
the QLQ-C30. If so, the CAT version of the QLQ-C30 will
facilitate both precise HRQOL measurement at the individual patient level and more power and thus more modest
sample size requirements at the group level.
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