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PURPOSE. To develop and validate a questionnaire for the mea-
surement of the impact of contact lenses on quality of life
(QoL): The Contact Lens Impact on Quality of Life (CLIQ)
Questionnaire.

METHODS. The questionnaire was developed and validated us-
ing conventional methods and Rasch analysis to assure content
validity, repeatability, construct validity, and low respondent
burden. Item identification and selection (647 items) were
performed with an extensive literature review, professional
advice, and lay focus groups. Item reduction used focus groups
and data obtained from 161 subjects completing a 90-item pilot
questionnaire. Validity and reliability, from data of 128 addi-
tional subjects, were assessed using Rasch analysis, intraclass
correlation coefficient, and Bland-Altman limits of agreement.

RESULTS. A 28-item CLIQ Questionnaire was developed and
shown to have good validity and reliability by Rasch analysis
statistics: real person separation, 2.02; model person separa-
tion, 2.17; reliability, 0.80; root mean square measurement
error, 2.73; mean square � SD infit, 1.01 � 0.18; outfit, 1.01 �
0.19. The items (mean score, 49.8 � 4.9) were well targeted to
the subjects (mean score, 51.2 � 6.2) with a mean difference
of 1.35 (scale range, 0–100) units. Test–retest intraclass corre-
lation coefficient (0.86) and coefficient of repeatability (�8.00
units) demonstrated good repeatability.

CONCLUSIONS. Rasch analysis and standard psychometric analy-
ses demonstrated that the 28-item CLIQ Questionnaire is a valid
and reliable measure of QoL in contact lens wearers. A scoring
algorithm is provided for CLIQ Questionnaire users to convert
raw scores into the Rasch analysis–derived linear person
measures. (Invest Ophthalmol Vis Sci. 2006;47:2789–2796)
DOI:10.1167/iovs.05-0933

The effect of refractive error and its correction has tradition-
ally been characterized by clinical measures such as visual

acuity or contrast sensitivity. While these measures provide
important information, they give little indication of the impact
of refractive error or its correction on the person as a whole.
This shortfall has been addressed by using questionnaires for
the assessment of quality of life (QoL), which has now become
a standard approach for assessing patient-centered outcomes in

healthcare.1–3 The impact of refractive corrections can now be
assessed using several QoL instruments that go beyond tradi-
tional clinical measures.4–9

Changes in QoL of patients wearing contact lenses have
been reported with conventionally validated question-
naires.10–17 However, several of these questionnaires are re-
stricted to dry eye symptoms10,13,14 and another to psycholog-
ical issues.15 In addition, the Refractive Status and Vision
Profile (RSVP) and National Eye Institute Visual Function Ques-
tionnaire (NEI-VFQ) have been shown to be insensitive to QoL
matters relevant to people who wear contact lenses.11,12 The
National Eye Institute Refractive Error Quality of Life (NEI-RQL)
questionnaire, although not developed specifically for contact
lens wearers, has been reported to discriminate between dif-
ferent modes of contact lens wear.16,17 In other studies that
report QoL issues related to contact lens wearers, informal,
nonvalidated questionnaires were used.18–24

Considerations in selecting a QoL instrument should in-
clude its reliability and validity. Many currently available refrac-
tive-error–related QoL instruments, including the RSVP, NEI-
VFQ, and NEI-RQL, use traditional Likert scoring,25 in which
patients’ response scores for a selected set of items are
summed to derive the overall score. Likert scoring assumes that
the value of each item represents equal difficulty and therefore
scores them equally. In addition, the ordinal integer response
scale used for each item assumes uniform changes between
response categories. For example, in a Likert-scaled vision
disability instrument such as the Activities of Daily Vision Scale
(ADVS),26 a response of “a little difficulty” (score of 4) is used
to represent twice the level of ability as “extreme difficulty”
(score of 2) which is similarly two times as good as “unable to
perform the activity due to vision” (score of 1) for all items.
This appears illogical, and Rasch analysis has been used to
confirm that specific response–category calibrations are essen-
tial for providing a linear scale.27 Similarly, Likert scales assume
that all items are of equal difficulty. For example, with the
ADVS instrument an answer of “a little difficulty” to the ques-
tion regarding visual difficulties driving at night scores the
same as the “a little difficulty” with driving during the day.
Again, this assumption is illogical. Rasch analysis has been used
to confirm that subjects report that driving at night is a more
difficult task than driving during the day and Rasch analysis can
provide an appropriate weighting for each item.27 Uncor-
rected, these problems cause discontinuities in the scale and
nonlinear measurement, which occurs for instance with the
NEI-RQL and the RSVP.28 We have developed a refractive-
error–related questionnaire using Rasch analysis to overcome
these problems and have created a truly linear measure of
refractive-error–related QoL: the Quality of Life Impact of Re-
fractive Correction Questionnaire (QIRC).8,29,30 QIRC was de-
veloped for spectacle wearers, contact lens wearers and refrac-
tive surgery patients. Although QIRC may be a good instrument
to measure QoL for contact lens wearers, we hypothesize that
if a questionnaire were developed specifically for contact lens
wearers, it may necessitate a slightly different content to be
more sensitive to some issues specific to contact lens wear.

The purpose of this study was to develop and validate a
questionnaire, using Rasch analysis, for the measurement of

From the 1National Health and Medical Research Council
(NH&MRC) Centre for Clinical Eye Research, Department of Ophthal-
mology, Flinders Medical Centre and Flinders University, Bedford Park,
Australia; and the 2Department of Optometry, University of Bradford,
Bradford, United Kingdom.

Supported by a National Health and Medical Research Council
(Canberra, Australia) Sir Neil Hamilton Fairley Fellowship 0061 (KP).

Submitted for publication July 19, 2005; revised December 6,
2005; accepted May 5, 2006.

Disclosure: K. Pesudovs, None; E. Garamendi, None; D.B. El-
liott, None

The publication costs of this article were defrayed in part by page
charge payment. This article must therefore be marked “advertise-
ment” in accordance with 18 U.S.C. §1734 solely to indicate this fact.

Corresponding author: David B. Elliott, Department of Optometry,
University of Bradford, Richmond Road, Bradford, West Yorkshire BD7
1DP, UK; d.elliott1@bradford.ac.uk.

Investigative Ophthalmology & Visual Science, July 2006, Vol. 47, No. 7
Copyright © Association for Research in Vision and Ophthalmology 2789



the impact of contact lenses on QoL: The Contact Lens Impact
on Quality of Life (CLIQ) questionnaire. The questionnaire was
targeted at adults needing refractive correction who did not
have other ophthalmic problems, but was confined to the
prepresbyopic population. Most contact lens wearers are
prepresbyopes,31 and presbyopes are likely to encounter dif-
ferent problems than prepresbyopes, related to the use of
multifocal contact lenses, monovision (a contact lens for dis-
tance vision in one eye and near vision in the other) or the
need for reading glasses in addition to distance vision contact
lenses.

METHODS

The CLIQ Questionnaire was developed according to standard proce-
dures,3 augmented by the item reduction and scoring applications of
Rasch analysis.32,33 Rasch analysis was performed using Winsteps (ver.
3.35), applying the Andrich rating scale model with joint maximum-
likelihood estimation.32 One model was used for each question type
(five), but rating scale models that behaved in the same way were
combined. The Rasch model does not assume values for response
categories (e.g., 1, 2, 3. . . ), but rather that all categories are on the
same underlying latent variable. The Rasch model gives the probability
of selecting a particular response category in terms of the interaction
between “response severity” and subject measure through an iterative
logistic process.34 The resultant response scale calibrations and person
measures are expressed in log-odd units (natural logarithm of an odds
ratio), or logits, positioned along a hierarchical scale with logits of
greater magnitude representing increasing QoL.34 By definition, this
scale is linear.

Domain and Item Identification and Selection

Domains and items thought likely to be influenced by refractive cor-
rection were collected from six sources: a search of the general QoL
literature,35–39 a search of the vision-related QoL literature,40–42 includ-
ing that relating to refractive error correction,4,43–47 retrospective
analysis of case records at the University of Bradford Eye Clinic, invited
responses from 63 practitioners and allied health workers in the fields
of optometry, ophthalmology, contact lens practice and psychology,
and focus groups (lay people and professionals in the fields men-
tioned); 647 items were identified. These could be categorized into
domains of well-being (n � 192; of these 108 were associated with
psychological well-being and 84 with social well-being), functional
vision (n � 176), symptoms (n � 97), convenience issues (n � 85),
economic issues (n � 54), cognitive issues (n � 24), and health
concerns (n � 19). Question format was kept as regular as possible,
but different content areas required different question syntax. Two
styles of questions were chosen: severity assessment (e.g., How much
difficulty do you have. . . ?) and incidence (e.g., During the past month,
how often have you experienced. . . ?). A five-category response scale
was chosen as it has been shown to be more useful and easier to
complete compared with four- and seven-category response scales and
a visual analogue scale.48 Suitably spaced response labels were selected
from the research literature.49 Each different question structure and
response scale was allocated to an Andrich rating scale model in the
Rasch analysis.

The original 647 items were reduced to 115 by a professional focus
group. In this process, many items were merged for having similar
content (e.g., reading small print, reading medicine bottles). Others
were discarded for not being relevant to most people (e.g., ability to
cross-stitch). These 115 items were formatted into a self-administration
questionnaire for further discussion by lay focus groups. They recom-
mended discarding a further 25 items and numerous minor rewordings
of instructions and questions to assist comprehension. Advice was also
taken from the lay focus groups on the wording of the instructions.
The 90 items for the pilot questionnaire were distributed among the
domains of convenience issues (n � 20), functional vision (n � 19),

well-being (n � 16), symptoms (n � 16), health concerns (n � 8),
economic issues (n � 8), and cognitive issues (n � 3).

The 90-Item Pilot Questionnaire

The study was designed so that the final questionnaire would be
relevant to the population of the United Kingdom. Thus, it was admin-
istered in 15 centers throughout the country, chosen to provide data
from rural and urban areas and with a good geographical spread.
Subjects were chosen on a consecutive-patient basis under the con-
straints of time inherent in a commercial practice. The success of
recruiting a representative population was established through com-
parison of demographic information regarding gender, ethnicity and
socioeconomic classification against U.K. national data.50 Inclusion
criteria were age between 16 to 35 years (adult prepresbyopic age) and
the use of contact lenses. Exclusion criteria were previous ocular
surgery, eye disease, neurologic disease, systemic disease, or medica-
tion that may alter visual function and inability to read or understand
the questionnaire. Informed consent was obtained from all subjects
after the nature of the study had been fully explained. The tenets of the
Declaration of Helsinki were observed, and the study gained approval
from the university ethics committee. The 90-item pilot questionnaire
was completed by self-administration by 161 subjects across optometry
and contact lens practice settings. Five questionnaires were discarded
due to the absence of demographic data or greater than 33% missing
item responses. Rasch analysis was used to identify unusual response
patterns. The Rasch model fit statistics infit and outfit mean square
were used to monitor the compatibility of the data with the model.
Nineteen subjects gave poor Rasch fit statistics (both outfit and infit
mean square �1.40) indicating that their responses were very different
from most of the subjects, and so the authors reviewed their question-
naires. Twelve of these were retained, as they appeared to provide
reliable responses in a pattern different from that of the majority. The
seven questionnaires that were discarded either contained the same
category response for (typically) the last three pages of the question-
naire (these pages contained questions with reversed scales—typically
a good QoL would score 1, but for some questions a good QoL scored
5—so that a respondent who marked 1 for all questions on a page
suggested responding without reading the questions and therefore
unreliable data). This left a final n of 149 (mean age, 26.6 � 4.7 years).
Rasch analysis was then used for item reduction.

Assessment of the Validity and Reliability of the
28-Item CLIQ

The 28-item CLIQ Questionnaire (Table 1) was again administered in
several settings across the United Kingdom. Questions 21 to 28 regard-
ing feelings of well-being were asked in relation to the subject’s
refractive correction, in that the foreword to the questions included
the following text: “We are now interested in the effect that your
contact lenses have had on the way you have been feeling. The effect
on your feelings may be obvious (e.g., you may feel that you look better
in your contact lenses) or it may be indirect (e.g., you may feel more
confident wearing contact lenses because you feel that you look
better).” One hundred forty-two questionnaires were returned. Seven
questionnaires were discarded due to absent demographic data or
greater than 33% missing item responses. Rasch outfit statistics identi-
fied 21 possible inconsistent responders and after review; 14 were
retained. This left 128 questionnaires. The validity of the CLIQ data was
assessed using Rasch analysis.

Demographic Data

Ethnicity classification was sourced from the Compendia and Refer-
ence section of the National Statistics Web site.50 Socioeconomic
classification for the pilot questionnaire was assigned from residential
postcode data as the Index of Multiple Deprivation, which is a loga-
rithm comparing each location with the highest socioeconomic status
location in Britain (a lower score indicates a higher classification), as
sourced from the National Statistics Web site.50 Although this is a
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recognized method, we were concerned about the accuracy of post-
code-based assignment with a small sample such as n � 149. There-
fore, we replaced this method for the second phase of the study with
a classification assigned from self-report of occupation of the primary
income earner in the household.51

RESULTS

The 90-Item Questionnaire

The pilot questionnaire was administered to 149 contact lens
wearers. Ages ranged from 16 to 34 (mean, 26.6 � 4.7). The
socioeconomic status, as described by the Index of Multiple
Deprivation was 1.31 � 0.20, slightly less affluent than the U.K.

national average (1.23 � 0.31).50 Approximately 67% of sub-
jects were female and the ethnicity distribution (approximately
92% white) across the entire cohort was representative of the
total U.K. population.50 Although the gender distribution
shows a larger proportion of females compared with the total
U.K. population, it is representative of the U.K. population
seeking eye care.52

Figure 1 shows a subject QoL against item difficulty map
established by Rasch analysis for the original 90-item CLIQ
Questionnaire. Subjects (each # on the left represents three
subjects) appear in ascending order of QoL from the bottom of
the figure to the top. Items appear on the right represented by
item numbers, with a decimal representing the response scale

TABLE 1. The 28 Items Included in the CLIQ Questionnaire, with Rasch Fit Statistics and Item Calibration

Item Description

Infit Mean
Square
(z STD)

Outfit Mean
Square
(z STD)

Item
Calibration

(SE)

1 How much difficulty do you have driving in glare conditions with your contact lenses? 1.05 (0.5) 1.13 (1.1) 44.6 (1.2)
2 How much difficulty do you have performing any activity due to dim lighting with

your contact lenses? 0.88 (�1.2) 0.97 (�0.2) 41.5 (1.2)
3 During the past month, how often have you experienced your vision

changing/fluctuating throughout the day, either improving or deteriorating with your
contact lenses? 1.10 (0.9) 1.19 (1.4) 42.1 (1.2)

4 During the past month, how often have you experienced focusing difficulties with
your contact lenses? 0.88 (�1.1) 0.90 (�0.8) 40.9 (1.2)

5 During the past month, how often have you experienced your eyes feeling tired or
strained with your contact lenses? 0.91 (�1.0) 0.94 (�0.6) 51.7 (1.1)

6 During the past month, how often have you experienced red/painful/itchy/burning/
sore/uncomfortable/gritty or dry eyes with your contact lenses? 1.06 (0.6) 1.06 (0.6) 44.4 (1.1)

7 How much trouble is the routine care of your contact lenses (e.g., cleaning, using eye
drops)? 0.96 (�0.3) 0.88 (�0.9) 40.0 (1.3)

8 How much trouble is having to think about contact lenses before doing things
(traveling, sport, going swimming)? 0.89 (�1.2) 0.88 (�1.3) 53.3 (1.1)

9 How much trouble is having to carry additional cleaning supplies for contact lenses
when traveling? 1.17 (1.8) 1.16 (1.6) 49.6 (1.1)

10 How much trouble is having to insert things into your eyes (e.g., contact lens, eye
drops)? 0.93 (�0.6) 0.95 (�0.4) 40.0 (1.2)

11 How much trouble is being unable to have good, comfortable vision all day with your
contact lenses? 1.09 (0.9) 1.03 (0.3) 42.1 (1.2)

12 How concerned are you about the initial and ongoing cost of buying your current
contact lenses? 1.01 (0.1) 1.00 (0.0) 53.3 (1.1)

13 How concerned are you about the cost of your next contact lenses? 0.90 (�1.2) 0.88 (�1.4) 51.6 (1.1)
14 How concerned are you about the cost of unscheduled maintenance of your contact

lenses: breakage, loss, running out of supplies? 0.83 (�2.0) 0.88 (�1.3) 48.5 (1.1)
15 How concerned are you about having to rely increasingly on your contact lenses since

you started to wear them? 1.09 (1.0) 1.11 (1.1) 52.4 (1.1)
16 How concerned are you about your vision being not as good as it could be with your

contact lenses? 1.03 (0.4) 1.02 (0.3) 48.6 (1.1)
17 How concerned are you about medical complications from your contact lenses? 1.02 (0.2) 0.98 (�0.2) 43.0 (1.2)
18 How concerned are you about eye allergies/infections? 0.92 (�0.9) 0.93 (�0.7) 49.5 (1.1)
19 How concerned are you about falling asleep in your contact lenses? 1.10 (1.1) 1.10 (1.0) 50.8 (1.1)
20 How concerned are you about eye protection from ultraviolet (UV) radiation? 1.17 (1.8) 1.17 (1.7) 48.4 (1.1)
21 During the past month, how much of the time have you felt that you have looked

your best when wearing contact lenses? 0.86 (�1.5) 0.85 (�1.5) 54.8 (0.9)
22 During the past month, how much of the time have you felt happy with your facial

appearance when wearing contact lenses? 1.00 (0.0) 1.00 (0.0) 54.1 (0.9)
23 During the past month, how much of the time have you felt that others see you the

way you would like them to when wearing contact lenses (e.g., intelligent,
sophisticated, successful, cool)? 1.04 (0.4) 1.05 (0.5) 56.9 (1.0)

24 During the past month, how much of the time have you felt complimented/flattered
when wearing contact lenses? 1.22 (1.48) 1.18 (1.45) 63.0 (1.1)

25 During the past month, how much of the time have you felt confident when wearing
contact lenses? 0.84 (�1.7) 0.84 (�1.6) 51.3 (0.9)

26 During the past month, how much of the time have you felt happy when wearing
contact lenses? 0.73 (�2.8) 0.74 (�2.6) 47.3 (0.9)

27 During the past month, how much of the time have you felt able to do the things you
want to do when wearing contact lenses? 1.17 (1.5) 1.19 (1.7) 47.2 (0.9)

28 During the past month, how much of the time have you felt eager to try new things
when wearing contact lenses? 1.12 (1.2) 1.11 (1.1) 51.5 (0.9)
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boundary. With a five-category scale, there are four boundaries
between categories, so that each item is represented in the
figure by four points (Fig. 2). Boundaries occur at the point on
the scale where the response most likely to be selected

changes from one category to the next, appearing in ascending
order of severity of impact of contact lenses on QoL, from the
bottom of the figure to the top. In Figure 1, both subjects and
items appear along the same scale, which is a linear transfor-
mation of the Rasch logit scale to fit a 0 to 100 scale (Winsteps
Umean � 50.39, Uscale � 6.76). For this sample, many items,
especially visual functioning items (items 1–19) have little
impact on the QoL of the contact lens wearers. This result is
shown as the subjects located higher and item numbers located
lower in the Rasch map and illustrates inadequate targeting of
item severity to subject QoL issues related to contact lens
refractive error correction. If the items were well targeted to
the subjects, the means of the two distributions, denoted in
Figure 1 by M, would be close to each other. We attempted to
improve targeting of items to subjects through response scale
reduction and item reduction.

The five different types of question wording were analyzed
with five different rating scale models. Four of these models
performed the same, in that the scale widths of the categories
were very similar. Only the model for the well-being domain
performed differently. However, for all five models, the five
response categories on the CLIQ Questionnaire were not all
used with the same frequency. The extreme or equivalent
response category (one response category) was not used for 48
of the 90 items by any of the subjects. In addition, responses in
this end category were few and ranged from 0.68% to 26.5%, of
which only one item had 26.5% of the responses and all the
remaining items included lower than 15% of the responses. To
improve the underutilization of the end category the two

FIGURE 1. Person–item map for the 90-item pilot CLIQ with the boundary for each response category for each item shown on the right. On the
left of the dashed line are the subjects, represented by # (each corresponds to three subjects). Subjects with poorer QoL are near the bottom of
the diagram, and subjects with better QoL are near the top. Items that less positively affect QoL in people with contact lens refractive correction
are near the bottom of the diagram, and items that positively affect QoL are near the top. The scale is in units (0–100), and abbreviations on the
diagram are M � mean, S � 1 SD from the mean, and T � 2 SDs from the mean.

FIGURE 2. Category probability curves for a well-being item illustrat-
ing the range of the scale over which each of the five categories is most
likely to be chosen. Boundaries occur at points along the scale where
the category most likely to be chosen changes from one to the next.
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highest rating categories “extreme ” (category 1) and “quite a
lot ” (category 2) or their equivalent could be combined to
improve targeting of items to subject QoL.33,53 This change
resulted in a reduction in the mean difference between item
difficulty and subject QoL from 12.13 to 9.78 units and a slight
increase in person separation from 2.87 to 2.89. There was still
a significant mismatch of item targeting to subjects. The com-
bined response category was still underutilized for many items,
although not for the well-being items. For the 74 non–well-
being items, the combined end category was still empty for 14
items and 59 items had less than 15% of the responses. There-
fore, it was decided to combine the response category “a
moderate amount” with the already combined “quite a lot” and
“extreme.” This further reduced the difference between the
mean value for the subjects and the mean value of the items to
8.29 units. Shortening the response scale did not significantly
alter person separation (five-category � 2.87, four-category �
2.89, three-category with four-category for well-being items �
2.91). Because four of the response scale models performed
similarly (category widths, 4.4, 3.5, 3.8, and 3.3), it was de-
cided to combine these into one model. Therefore, a two-
rating scale Rasch analysis was used, with the advantage that
item fit statistics then become a powerful indicator of internal
consistency that facilitates decision-making during item reduc-
tion.

Although the combined-response category improved the
difference between item and subject mean values, there were
still several items providing relatively little information. Rasch
analysis was then used to remove poorly fitting items from the
questionnaire, which were removed one at a time, as item
removal changes fit statistics. This improved the fit of some
items that initially had high infit–outfit values and reduced the
mean difference between item difficulty and subject QoL. The
criteria used for item removal were8,27:

1. Infit mean square outside 0.80 to 1.20.
2. Outfit mean square outside 0.70 to 1.30.
3. Item with mean farthest from the subject mean.
4. A high proportion of missing data (greater than 50%).
5. Ceiling effect: a high proportion in item end-response

category (greater than 50%).
6. Skew and kurtosis outside �2.00 to �2.00.

The item with the highest number of candidate criteria,
ordered by priority, was removed first. If removal of an item
with high or low infit–outfit values considerably decreased
person separation (�2.0), that item was retained.54 Person
separation is an indicator of the ability (precision) of the
instrument to differentiate between different persons’ QoL.
Person separation is expressed as the ratio of the adjusted SD
to the root mean square error. A person separation of 2.0 or
more is indicative that subjects are significantly different in
QoL across the measurement distribution.53 This iterative pro-
cess finally resulted in a 28-item questionnaire with a real
person separation of 2.04 and mean difference of 2.34 units
(Fig. 3). Reducing the number of items further led to decreased
person separation. This again was fit to a 0 to 100 scale
(Winsteps Umean � 48.66, Uscale � 9.01).

Assessment of the Validity and Reliability of the
28-Item CLIQ

The shortened version was completed by an additional 128
contact lens wearers. The respondents included 67% female
patients with a mean � SD age of 27.7 � 5.4 years (range,
17–35 years). Socioeconomic status and ethnicity (93% white)
were similar to that the total U.K. population,50,51 and gender
was similar to the U.K. population seeking eye-care.52 The
items (mean score, 49.8 � 4.9) were well targeted to the

subjects (mean score, 51.2 � 6.2) with a mean difference of
1.35 (scale range, 0–100) units. The time taken to complete
CLIQ was measured for 15 subjects, with a mean value of 9
minutes (range, 6–12 minutes).

Rasch analysis provided valid model statistics (real person
separation, 2.02; real reliability, 0.80; model person separation,
2.17; model reliability, 0.82; root mean square measurement
error, 2.73; mean square � SD infit, 1.01 � 0.18; outfit, 1.01 �
0.19) and fit statistics showed that all items fit within a range of
infit from 0.62 to 1.36 and of outfit from 0.63 to 1.37. Thus, the
variance within items extends from 38% (for infit) and 37% (for
outfit) less than the expected to 36% (for infit) and 37% (for
outfit) more than the expected. These figures are larger than
those in Table 1, as these data are from another sample of
subjects. These findings suggest all items measure a unitary
concept, without redundancy. A sample (n � 45) of subjects
were retested, and reproducibility was found to be good:
intraclass correlation coefficient � 0.86 and coefficient of
repeatability � �8.00 units.55,56

Scoring of the CLIQ Questionnaire

Other investigators wishing to use the CLIQ Questionnaire can
use our validation data to convert raw scores into Rasch person
measures. Each question has a five-category response scale, but

FIGURE 3. Person–item map for the 28 item final CLIQ with the
boundary for each response category for each item shown on the right.
On the left of the dashed line are the subjects, represented by # (each
corresponding to three persons). The sample population shows excel-
lent targeting of items to subjects.
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items 1 to 20 are collapsed to three categories and items 21 to
28 are collapsed to four categories. Also, items 1 to 20 (lower
score is better) have polarity opposite that of items 21 to 28
(higher scores are better), so items 1 to 20 are reversed in
polarity to give an overall higher score for better QoL. There-
fore, for categories (1, 2, 3, 4, 5) assign (5, 4, 3, 3, 3) to the first
20 items and scores (2, 2, 3, 4, 5) to items 21 to 28. The average
of these 28 items gives the CLIQ raw score. The score is related to
the CLIQ Rasch person measure as illustrated in Figure 4. The
relationship is double asymptotic, because the average raw rating
has a floor and a ceiling. The relationship can be described by the
double-asymptotic nonlinear regression57: CLIQperson measure �
34.41 � log(CLIQraw score/5 � CLIQraw score) � 26.69.

DISCUSSION

The CLIQ Questionnaire was rigorously developed using both
conventional techniques and Rasch analysis to assure good
content validity, internal consistency, and a low respondent
burden.

According to the assessments suggested by de Boer et al.,58

the psychometric properties of CLIQ were shown to be of high
quality. Item selection included a thorough literature review
and the input of patients, clinicians, and focus groups. Item
reduction was of high quality, as items that measured some-
thing different to the overall scale or redundant items were
removed using infit and outfit Rasch statistics and items with
ceiling and floor effects were also removed. Items were re-
duced from 647 to 28. Respondent burden is chiefly driven by
the number of items, and so reducing the number of items
while retaining good measurement properties is a key issue in
questionnaire development.54 The respondent burden on the
patient was low, with an average completion time for the
28-item CLIQ being less than 11 minutes in nearly all cases.

The item reduction phase highlights an advantage of Rasch
analysis beyond the obvious importance that it provides a
quantitative score that is a valid linear measurement. We
started with items in seven domains and used five rating scale
models for theses domains. However, only the well-being rat-
ing scale model performed differently from the other four

models, and so a two-rating scale analysis could be performed.
This method improves the assessment of internal consistency
that is attainable using Rasch fit statistics, and allowed us to
reduce items while maintaining internal consistency and rele-
vance to the population. The pilot questionnaire, although
influenced by suggestions from lay people, was principally
clinician-driven and contained many questions relating to func-
tional vision (21%). However, Rasch analysis clearly indicated
that subjects with corrected refractive error wearing contact
lenses have relatively few problems with functional vision (Fig.
1), so that many of these questions were not required, with
only two items being retained in the 28-item CLIQ. If they had
been left in, CLIQ would have targeted the population poorly.
This may be why other vision-related QoL instruments that
principally contain functional vision items, such as the RSVP
(23% items in the functional vision domain), lack sensitivity in
subjects with different modes of contact lens wear.12 The
results reported in the present study show that subjects at large
have few problems with visual function that are not corrected,
and issues such as symptoms, convenience, cost, health con-
cerns, and appearance determine the influence of contact lens
refractive error correction on QoL (Table 1). This demonstrates
the importance of using Rasch analysis in the development of
a questionnaire to ensure good internal consistency and target-
ing of items to people. Rasch analysis could be applied to
existing questionnaires to gain its benefits in terms of scoring,
but this approach may expose inadequacies in a conventionally
developed questionnaire in terms of internal consistency and
item targeting.27,28 This is indeed the case for one refractive
error correction related QoL questionnaire, the RSVP,28 but
whether any problems exist with the NEI-RQL remains to be
tested.

Removal of poorly fitting data was a thorough procedure.
We deliberately worded several questions to allow reversal of
the scale direction to catch careless responders. Rasch analysis
provides a powerful test for inconsistent data through the
outfit statistic. Thus, we were able to reduce the influence of
poor data on the dataset.

As hypothesized, the content of CLIQ is different from QIRC
which, contrastingly, was developed to suit spectacle wearers,
contact lens wearers, and people undergoing refractive sur-
gery.29 Sixteen of the 20 items in QIRC are also included in
CLIQ.8 Therefore, there are 12 items included in CLIQ that are
not found in QIRC. This difference in content is due to devel-
oping CLIQ on contact lens patients only and thereby including
only content relevant to that population. Although QIRC can
be used on contact lens patients, we contend that CLIQ has
better content validity for contact lens patients, and should be
used in preference to QIRC (or any other questionnaire not
solely developed for contact lens wearers) wherever possible.
CLIQ should suit all modes of contact lens wear as the test
populations did not exclude any lens types, but since they
were unselected, the populations were dominated by soft
disposable lens wearers, but did include all types. Differences
in QoL between different types of contact lenses remain to be
demonstrated. This is a key purpose for developing the CLIQ
Questionnaire.

The limitations of CLIQ include that it has been developed
only for the prepresbyopic population, although this repre-
sents most contact lens wearers.31 Nevertheless, CLIQ could
still be used in presbyopes as long as it is interpreted that
presbyopia-specific issues are not addressed. Another limita-
tion is that CLIQ has a small sample population for test–retest
reliability analysis.3 Additional testing is needed to assess the
remaining psychometric properties required to assess vision-
related QoL instruments fully, such as construct validity, re-
sponsiveness, and interpretability, as suggested by de Boer et al.58

FIGURE 4. Scatterplot of the person measure estimated from Rasch
analysis versus the average rating for each person across items.
These data can be fit with a double-asymptotic nonlinear equation:
CLIQperson measure � 34.41 � log(CLIQraw score/5 � CLIQraw score) � 26.69.
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In conclusion, we present the CLIQ Questionnaire (avail-
able online at http://www.iovs.org/cgi/content/full/47/7/
2789/DC1). This is a 28-item questionnaire reporting a single-
valued score of QoL in contact lens wearers. It has several
advantages over existing instruments: demonstrated with
Rasch analysis that all items measure a single content area, and
scaled using Rasch analysis to be a truly linear measurement of
QoL where items are weighted for their impact on QoL.
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