
Introduction

The Catquest questionnaire (Lundström
et al. 1997) has been included since
1995 in the follow-up studies after cat-
aract surgery performed by the Swed-
ish National Cataract Register (NCR)
(Lundström et al. 2002). The ques-
tionnaire is used to measure patients’
self-assessed visual function before
and 6 months after a cataract extrac-
tion to evaluate the benefit of the sur-
gery. The items in Catquest are
grouped within four dimensions: daily
life activity level, perceived difficulties
in performing activities of daily living,
cataract symptoms, and global ques-
tions about difficulties in general and
satisfaction with vision. Each item has
four response categories, which are
allocated ordinal numerical values by
means of a Likert scale. The items
within each dimension result in a total
score based on the Likert scale, and
the overall evaluation is made using a
decision tree (Lundström et al. 1998).
The most important dimension in this
evaluation is perceived difficulties in
performing activities of daily living.
This method of scoring has limita-
tions, most importantly the incorrect
assumption that the method of scor-
ing produces an interval scale. Mod-
ern test theory, including Rasch
analysis, has demonstrated the
invalidity of summary scoring (Wright
& Linacre 1989; Fisher et al. 1997;
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ABSTRACT.

Purpose: The purpose of this study was to use the Catquest-9SF to measure

cataract surgery outcomes, and to use Rasch analysis to test the psychometric

properties of this questionnaire, including its validity and responsiveness.

Methods: Patients were recruited as consecutive cataract surgery patients dur-

ing 1 month at six surgical units in Sweden (via the National Cataract Regis-

ter). The patients completed the questionnaire before surgery and 3 months

after. The Catquest-9SF data were assessed for fit to the Rasch model using

version 3.63.2 of the WINSTEPS software (Winsteps.com, Beaverton, OR,

USA). Both preoperative and postoperative questionnaires were included in the

analysis. The responsiveness to cataract surgery was calculated as the effect

size.

Results: Completed questionnaires before and after surgery were received

from 846 patients. The Rasch analysis showed that the category thresholds

were ordered. All items fit a single overall construct (infit range 0.79–1.40;

outfit range 0.74–1.40). The ability to discriminate different strata of per-

son ability was good, with a real patient separation of 2.58 and patient

separation reliability of 0.87. The questionnaire showed unidimensionality

and was largely free from differential item functioning. The item difficulty

was reasonably well targeted to both preoperative and postoperative patient

ability. The Catquest-9SF Rasch score correlated significantly with visual

acuity, and cataract surgery resulted in a significant improvement with an

effect size of 1.8.

Conclusion: The Catquest-9SF shows excellent psychometric properties, as

demonstrated by Rasch analysis. It is highly responsive to cataract surgery,

and its brevity (nine items) makes it well suited for use in daily clinical

practice.
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Pesudovs 2006) and shown that the
problem can be resolved by providing
linear interval transformation of the
ordinal raw score, thereby permitting
the use of parametric statistical tech-
niques on the questionnaire data
(Norquist et al. 2004; Garamendi
et al. 2006; Pesudovs 2006). Other
unique evaluations available in Rasch
analysis include assessment of how
well the difficulty of an item targets
the level of person ability in the popu-
lation and measurement of scale valid-
ity – in particular, item and person fit
to the overall construct (Fisher et al.
1997; Mallinson et al. 2004; Pesudovs
et al. 2007). A number of ophthalmic
questionnaires have been assessed
using Rasch analysis (Gothwal et al.
2009) including the original Catquest
questionnaire (Lundström & Pesudovs
2009). From this analysis, a nine-item
short form of Catquest was suggested,
the Catquest-9SF. Catquest-9SF ful-
filled all demands of being a valid
measure as evaluated through Rasch
analysis. However, this analysis was
based on data from nine items
selected from the complete list of
items in the original Catquest. It is

thus essential to investigate whether
the suggested short form of Catquest
is a valid measure on its own without
extracting items from a longer com-
pleted questionnaire. In this study, we
tested the Catquest-9SF for the first
time on cataract patients before and
3 months after surgery. In modern
cataract surgery with rapid rehabilita-
tion a 3-month follow-up time is
enough. The purpose was to assess
the ability of the instrument to mea-
sure cataract surgery outcomes,

including the responsiveness of the
questionnaire, and at the same time to
assess its psychometric quality and
validity using Rasch analysis.

Patients and Methods

Catquest-9SF

The Catquest-9SF contains nine items
all of which are supposed to measure
the same underlying trait – the
patient’s self-assessed visual disability.
Visual disability means the patient’s
self-assessed restriction and difficulty
in having a normal visual function for
everyday tasks. Each item has four
response categories. For eight items,
the categories are as follows: ‘no, no
problem’; ‘yes, some problems’; ‘yes,
great problems’; and ‘yes, very great
problems’. For the ninth item, a ques-
tion about the patients’ satisfaction
with their overall visual function, the
categories are as follows: ‘yes, very
satisfied’; ‘yes, fairly satisfied’; ‘no,
rather dissatisfied’; and ‘no, very dis-
satisfied’. All of the items include an
additional option of ‘can’t say’; this
category is treated as missing data in
the following analysis. The items are
specified in Table 2. The items are
presented in the same format in both
the preoperative and postoperative
versions of the questionnaire. In this
study, we include both preoperative
and postoperative data to evaluate the
validity of the questionnaire for both
situations. All questionnaires were
completed in Swedish. This means
that the information presented here
about question and response format is
given in a translation.

Rasch analysis

The Catquest-9SF data were assessed
for fit to the Rasch model (Rasch 1960)
using version 3.63.2 of the WINSTEPS
software produced by John M Linacre
(Linacre 2002, 2006) and the Andrich
(Andrich 1978) version of Rasch model
estimates based on joint maximum like-
lihood estimation. A Rasch analysis
compares the level of difficulty required
to perform a task addressed in the
items with the respondent’s level of
ability to perform that task. Both item
difficulty and person ability are sorted
on the same linear scale. If the data
meet the expectations of the Rasch
model, then a transformation of the

Table 1. Patient characteristics.

Patients (n) 846

Mean age (year) ± SD 75.6 (±9.2)

Gender, n (%)

Female 539 (63.7)

Male 307 (36.3)

First-eye surgery (%) 58.2

Second-eye surgery (%) 41.8

Vision impairing ocular comorbidity, n (%) 269 (31.8)

Best corrected visual acuity

Before surgery

Surgery eye; mean logMAR ± SD 0.46 ± 0.27

Fellow eye; mean logMAR ± SD 0.25 ± 0.25

After surgery

Surgery eye; mean logMAR ± SD 0.13 ± 0.20

Fig. 1. Category probability curve for the

item ‘reading text in the newspaper’.

Fig. 3. Category probability curve for the

‘satisfaction with vision’ item.

Fig. 2. Category probability curve for the

global question about any difficulties in daily

life.
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ordinal raw score into a true Rasch
scale is achieved. This scale is linear,
and uses a unit known as the logit,
which is the natural logarithm of the
odds ratio. An important aspect is that
the Catquest-9SF should be valid for
measurement on both preoperative and
postoperative patient data, and so Rasch
analysis was performed on preopera-
tive and postoperative data stacked as
a single dataset (846 cases but 1692
response sets) (Wolfe & Chiu 1999).

Rasch analysis tests the following
psychometric properties of the ques-
tionnaire:

• Rating scale. This test investigates
whether the category thresholds are
ordered. Catquest-9SF uses four
response categories, and so there are
three thresholds between the response
probabilities.
• Ability to discriminate different
strata of person ability. This is a reli-
ability test which results in two quanti-
ties: person separation and separation
reliability. The separation reliability
coefficient represents the precision of
the item measures.
• Item fit statistics. Each item should
contribute to a picture of the respon-
dent’s ability in a predictable way. The
analysis produces two fit statistics: infit
and outfit mean square. Both these fit
statistics should have a value of 1, with
suggested limits of 0.7 and 1.3.
• Targeting precision of the instrument
to the studied population. Ideally, the
ability of the patients and the diffi-
culty of the questions should centre
on the same mean. There should be
meaningful items for the more able

patients as well as for the less able
patients.
• Unidimensionality. This signifies that
the items in the instrument measure
one and the same underlying trait.
Unidimensionality is necessary to cre-
ate and use a summary score.
• Differential item functioning (DIF).
This test evaluates whether a specific
group of patients (e.g. divided by gen-
der, co-morbidity, cataract status,
etc.) responds differently to an indi-
vidual item despite similar levels of
the underlying trait being measured.
DIF can cause misfitting of the data
to the Rasch model. It can be detected
statistically using analysis of variance
to compare scores across each level of
the person factor and across different
levels of trait (referred to as class inter-
vals), or by inspection of the raw dif-
ferences in item calibration between
groups. Testing for DIF was performed
between groups differing by gender,
ocular co-morbidity, first-eye and sec-
ond-eye cataract surgery, and preoper-
ative versus postoperative answers.

Patients

Patients were recruited as consecutive
cataract surgery patients during
March 2008 at six surgical units in
Sweden affiliated to the Swedish
NCR. This type of study is repeated
by the NCR once a year during the
month of March as a routine part of
follow-up evaluation. In previous
years, the original Catquest was used.
The questionnaire (Catquest) and the
method were approved by an Ethics

Committee, according to the Declara-
tion of Helsinki, and by the Swedish
Data Inspection Board. The patients
were informed about the study
according to Swedish law.

Completed questionnaires before
and after surgery were received from
846 patients from six surgical units.
The mean age of the patients was
75.6 years (±9.2) and 63.7% were
female. Table 1 outlines the patient
characteristics.

Results

Rasch analysis

The category thresholds were ordered.
Figures 1–3 show the category proba-
bility curves for the items for reading,
general difficulty, and satisfaction with
vision. The real patient separation was
2.58, and patient separation reliability
was 0.87. All items fit a single overall
construct (infit range 0.79–1.40; outfit
range 0.74–1.40). Table 2 shows the
infit and outfit for each item along with
the items and response categories for
the Catquest-9SF.

Unidimensionality was also tested
by principal component analysis of
the residuals, which showed that the
variance explained by the measures
was comparable for empirical calcula-
tion (62.3%) and by the model
(62.2%). The unexplained variance
explained by the first contrast was 1.8
Eigenvalue units (7.4%), which is
close to the magnitude seen with ran-
dom data. The two global assessment
items correlated with the first contrast

Table 2. Item fit characteristics.

Item

Item calibration

(standard error) Infit Outfit

DIF

pre-op to

post-op

For the seven difficulty items MNSQ* MNSQ*

Do you have difficulty with the following activities because of your vision

If so: yes – very great difficulties, yes – great difficulties, yes – some difficulties, no – no difficulties

1. Reading text in the newspaper )0.15 (0.05) 1.02 1.02 0.17

2. Recognizing faces of people you meet 1.30 (0.05) 1.40 1.40 0.07

3. Seeing prices of goods when shopping )0.36 (0.05) 0.95 0.99 0.62

4. Seeing to walk on uneven ground 0.20 (0.05) 1.21 1.36 0.52

5. Seeing to do needlework and handicraft )0.61 (0.05) 0.87 0.84 0.40

6. Reading text on TV 0.05 (0.05) 1.02 1.00 )0.32
7. Seeing to carry out a preferred hobby 0.46 (0.05) 0.86 0.80 0.0

Two global assessment items

8. Do you experience that your present vision

gives you difficulties in any way in your daily life?

0.16 (0.05) 0.79 0.74 )0.47

9. Are you satisfied or dissatisfied with your

present vision?

)1.05 (0.05) 0.85 0.86 )0.99

MNSQ*, weighted mean square statistics.
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(satisfaction with vision: 0.61; difficul-
ties in general: 0.59). Cronbach’s a
was 0.94. The items were sufficiently
well targeted to the subjects (mean
difference )1.95 logits including both
preoperative and postoperative data).
This means that the difficulty of the
tasks addressed in the items was
appropriate for the mixed preopera-
tive and postoperative ability of the
patients. The patient-item map given
in Fig. 4 shows the relationship
between item difficulty and patient
ability. The two easiest questions were
recognizing faces (1.30) and perform-
ing a hobby (0.46). The two most
difficult questions were doing needle-
work and other handicrafts ()0.61)
and satisfaction with vision ()1.05).
Three items showed a small DIF by

sex. Seeing well enough to walk on
uneven ground (0.68 logits) and seeing
well enough to do needlework and
other handicrafts (0.75 logits) were
both rated by women as easier relative
to other tasks. Reading (0.63 logits)
was rated as easier by men relative to
other tasks. DIF was not evident
between the groups divided by the
presence or absence of ocular comor-
bidity or by first- or second-eye sur-
gery. DIF was also tested between
preoperative and postoperative data
sets. Satisfaction with vision (0.99)
was rated easier before surgery, and
seeing prices (0.62) was rated easier
after surgery.

The Rasch analysis of the Cat-
quest-9SF provided not only the item
calibrations found in Table 2, but

also the item-category calibrations for
each of the four response categories
of the nine items. These 36 item-cate-
gory calibrations can be used as
anchor values to convert ordinal cat-
egory values to Rasch measurement
estimates. This is valid for both pre-
operative and postoperative question-
naire data, because the calibrations
were developed using a combination
of pre and postoperative data. Other
investigators wishing to use the Cat-
quest-9SF can use these calibrations
to achieve Rasch measurement with-
out the need to perform Rasch analy-
sis. A spreadsheet facilitating this
conversion is available from the
authors.

Cataract surgery outcomes and validation

The preoperative Catquest-9SF score
correlated with visual acuity in the eye
to be operated on (r = 0.187), visual
acuity in the fellow eye (r = 0.208),
and visual acuity in the better eye
(r = 0.224). The postoperative Cat-
quest-9SF score correlated with visual
acuity in the operated eye (r =
0.361). All four correlations were sig-
nificant at the 0.01 level (two-tailed).
The preoperative mean Catquest-9SF
score was )0.22 (±1.93), and the
postoperative mean Catquest-9SF
score was )3.69 (±2.28). This 3.47
(95% CI 3.29–3.65) logit improvement
after cataract surgery was statistically
significant (p < 0.0001, paired two-
tailed t-test). The change in Catquest-
9SF score after cataract surgery
means an effect size (improve-
ment ⁄SD) of 1.80. Fig. 5 shows a
scatter plot of the preoperative and
postoperative Catquest-9SF scores. As
is clear from the figure, the majority
of patients improved after surgery:
91.5% improved, 1.3% remained in
status quo, and 7.2% deteriorated
after surgery. The Catquest-9SF
scores pre and postoperatively and
visual acuity before and after surgery
for each participating clinic are shown
in Table 3.

Discussion

Our findings support the results of the
previous revision of the original
Catquest and suggestion of a short
form – Catquest-9SF (Lundström &
Pesudovs 2009). The Rasch analysis
of Catquest-9SF shows that the

Fig. 4. Person-item map of Catquest-9SF. Distribution of Rasch-calibrated participant scores

to the left and item locations to the right. The map contains both preoperative and postopera-

tive data, and so the distribution of patient ability is skewed towards the more capable part. M

signifies the mean value of patient ability and item difficulty, respectively. S and T are 1 and 2

standard deviations.
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instrument is a valid measure to be
used both before and after cataract
extraction. The response categories
are ordered, and the instrument has a
high precision and is unidimensional
as indicated by the fit statistics.

However, some results differ slightly
from the original revision and analysis.
The original revision was made on
data collected between 1995 and
2005 from 58 different surgical units
(Lundström & Pesudovs 2009), while
the present study concerns data from
2008 involving only six different units.
The mean difference between item dif-
ficulty and patient ability is larger in
this study, meaning that the items, to
a certain extent, are deemed easy by
many of the patients, at least after sur-

gery. This could be explained by the
fact that cataract surgery was per-
formed at an earlier stage of the dis-
ease and with less-disabled patients in
2008 compared with 1995–2005. This
is supported by the fact that the mean
preoperative logMAR (logarithm of
the minimum angle of resolution)
visual acuity of the surgery eye was
0.46 in the present study but 0.59 in
the original study. In addition, mean
logMAR visual acuity was better in
the present study in the fellow eye pre-
operatively and the surgery eye post-
operatively (0.25 and 0.13 versus 0.27
and 0.15, respectively). However, we
do not think that the increased patient
ability after surgery causes an issue
about the validity of this kind of ques-

tionnaire. The main disadvantage of
poor targeting post surgery is that the
instrument may underestimate the true
benefit of cataract surgery. Targeting
could be improved by adding more
difficult tasks that better reflect high
patient ability; however, this runs the
risk of a floor effect pre surgery. If
the instrument is supposed to measure
the improvement following a surgery
that in fact cures the disease, then the
items will either be too difficult before
surgery or too easy after surgery. In
this case, we consider the item diffi-
culty to be reasonably balanced for
both preoperative and postoperative
measurement. In all other psychomet-
ric aspects, the present study and the
original one yielded essentially the
same results (i.e. item fit, patient sepa-
ration, unidimensionality, and ordered
categories). The Catquest-9SF was
reasonably free from DIF in both
analyses, and with about similar pat-
tern. The satisfaction item was rated
relatively more difficult in the postop-
erative ranking both in the original
study and in this study (1.02 logits and
0.99 logits, respectively).

Six surgical units participated in this
study. Four of them were situated in
the capital city (Clinics 1, and 4–6) and
the other two in the countryside. In the
capital city, the surgical rate has been
high for many years compared with
the rest of the country. Obviously, the
patients who underwent surgery in the
urban clinics had less self-assessed dis-
abilities than those in the rural clinics
(Table 3). The improvement after sur-
gery was much higher in the group that
was most disabled preoperatively (clin-
ics 2–3). This is obvious, but it implies
that preoperative and postoperative
measurements must be interpreted with
care. Operating on more disabled
cataract patients will give a high
improvement score in a measurement
like this, but may at the same time

Fig. 5. Scatterplot of preoperative Catquest-9SF score (logits) versus postoperative Catquest-

9SF score (logits). A shift in a negative direction between the preoperative and postoperative

assessments signifies an improvement.

Table 3. Visual acuity and Catquest-9SF scores before and after surgery in six surgical units.

Clinic N

VA surgery

eye, preop.

VA better

eye, preop.

Catq.-9SF

score preop.

VA surgery

eye, postop.

Catq.-9SF

score postop.

Catq.-9SF

score

improvement

1 241 0.47 (±0.28) 0.21 (±0.20) )0.08 (±1.8) 0.18 (±0.24) )3.35 (±2.38) )3.27 (±2.66)

2 52 0.49 (±0.24) 0.19 (±0.15) 0.16 (±1.8) 0.11 (±0.12) )3.91 (±2.06) )4.08 (±2.41)

3 98 0.45 (±0.25) 0.19 (±0.17) 0.26 (±2.1) 0.10 (±0.16) )3.99 (±2.16) )4.26 (±2.64)

4 119 0.43 (±0.25) 0.21 (±0.21) )0.38 (±2.0) 0.08 (±0.13) )3.84 (±2.29) )3.47 (±2.64)

5 194 0.50 (±0.29) 0.18 (±0.19) )0.58 (±1.9) 0.13 (±0.22) )3.67 (±2.36) )3.09 (±2.62)

6 142 0.43 (±0.24) 0.26 (±0.20) )0.31 (±1.9) 0.13 (±0.19) )3.86 (±2.08) )3.55 (±2.47)

VA, Visual acuity, mean logMAR (±SD); Catq.-9SF score = Catquest-9SF score mean value (±SD).
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reflect poor availability of surgery and
thereby poor health care.

Our results prove that the Catquest-
9SF is capable of showing the impact
of cataract surgery; in fact, the effect
size in this study was 1.80, which is
high. The mean preoperative Catquest-
9SF score in this study was )0.22 com-
pared with )0.32 in the original study
(Lundström & Pesudovs 2009); the cor-
responding postoperative scores were
)3.69 and )3.21, respectively. This
means that the average improvement in
the present study was a little higher
than in the previous study. The per-
centage of patients with a poorer Cat-
quest-9SF score after surgery was 7.2%
in the present study compared with
9.8% in the first study. Thus, there are
minor differences between the results
in these studies which can be explained
by differences in the patient groups.
Another possible explanation could be
the fact that the follow-up time in the
original study was 6 months compared
with 3 months in the present study.

The original Catquest questionnaire
was developed and validated for cata-
ract patients. The questionnaire has
also been used in patients with poster-
ior capsule opacification (Sundelin
et al. 2006). The Catquest-9SF could
be useful also for patients with cor-
neal or macular diseases, but this has
to be proven by validation tests (Rasch
analysis).

The small number of items and the
restriction to four easily recognized
response categories are two of the
advantages of Catquest-9SF. Conse-
quently, the burden will be light both
on respondents and health care per-
sonnel and can easily be incorporated
in routine clinical practice. A future
development will be to simplify the
transfer of data from a paper form or
web-based form to a computer pro-
gram for analysis. Another point to
note is that this study of Catquest-9SF
was performed with the original Swed-

ish version of the questionnaire, and
so the questionnaire text described in
this article represents a translation into
English. Because of differences in lan-
guage and culture, further validation
tests in other languages are needed if
the questionnaire is to be implemented
in other countries.
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