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Abstract

The psychometric properties of the Refractive Status and Vision Profile (RSVP) questionnaire were evaluated using Rasch anal-
ysis. Ninety-one myopic patients from a refractive surgery clinic and general optometric practice completed the RSVP. Rasch anal-
ysis of the RSVP ordinal data was performed to examine for unidimensionality and item reduction. The traditional Likert-scoring
system was compared with a Rasch-scored RSVP and a reduced item Rasch-scored RSVP. Rasch analysis of the original RSVP
showed poor targeting of item difficulty to patient quality of life, items with a ceiling effect and underutilized response categories.
Combining the underutilized response scales and removal of redundant and misfitting items improved the internal consistency and
targeting of the RSVP, and the reduced 20-item Rasch scored RSVP showed greater relative precision over standard Likert scoring
in discriminating between the two subject groups. A Rasch scaled quality of life questionnaire is recommended for use in refractive
outcomes research.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Refractive error affects over 50% of the UK popula-
tion (Mintel, 2002). Although spectacles and contact
lenses are the primary choice of refractive error correc-
tion among myopic patients, during the last decade
refractive surgery has gained interest even among suc-
cessful contact lens wearers (Migneco & Pepose, 1996).
Traditionally, the success or failure of refractive surgery
has been evaluated by standard clinical measures, such
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as postoperative uncorrected visual acuity and residual
refractive error (Koch, Kohnen, Obstbaum, & Rosen,
1998). However, these measures do not necessarily cor-
relate well with patients� postoperative subjective
impressions (Mangione, Lee, & Hays, 1996; McGhee,
Craig, Sachdev, Weed, & Brown, 2000; Scott et al.,
1994), so the assessment of quality of life (QoL) has be-
come one of the more important outcome measures in
refractive surgery and refractive correction clinical re-
search and practice (Fraenkel et al., 2004; Hays et al.,
2003; Pesudovs, Garamendi, & Elliott, 2004; Vitale,
Schein, Meinert, & Steinberg, 2000).

This increase in attention to quality of life issues
related to the correction of refractive error has led to
the development and validation of several QoL instru-
ments, such as: the Refractive Status and Vision Profile
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(RSVP) (Vitale et al., 2000), the National Eye Institute
Refractive Quality of Life (NEI-RQL) (Berry, Mangi-
one, Lindblad, & McDonnell, 2003) and the Quality of
Life Impact of Refractive Correction (QIRC) (Pesudovs
et al., 2004). Other studies have reported changes in
QoL due to refractive correction, but these results were
established with non-validated instruments (Bailey,
Mitchell, Dhaliwal, Boxer Wachler, & Zadnik, 2003;
Hammond, Puri, & Ambati, 2004; Hill, 2002; McGhee
et al., 2000; Rose et al., 2000). The RSVP and NEI-
RQL have shown to be sensitive to QoL changes related
to visual functioning and refractive error, and have
reported improved QoL after refractive surgery
(McDonnell et al., 2003; Schein, Vitale, Cassard, &
Steinberg, 2001). However, the NEI-RQL, has been
shown to be insensitive to differences in QoL between
contact lens and spectacle wearers, although it could dif-
ferentiate both from emmetropes (Nichols, Mitchell,
Saracino, & Zadnik, 2003). Similarly, the RSVP has
been reported to be insensitive to differences in QoL be-
tween different types of contact lenses (Nichols, Mitch-
ell, & Zadnik, 2001) although a larger sample size may
have revealed differences (Vitale & Schein, 2002).

Considerations in selecting a QoL instrument should
include its reliability and validity. The RSVP and NEI-
RQL instruments use traditional Likert scoring (Likert,
1932) where patients� response scores for a selected set of
items are summed to derive the overall score. Likert
scoring assumes the value of each item represents equal
difficulty and it scores them equally. In addition, the lin-
ear response scale used for each item assumes uniform
changes across categories. For example, in a Likert
scaled vision disability instrument such as the Activities
of Daily Vision Scale (ADVS) (Mangione et al., 1992), a
response of ‘‘a little difficulty’’ (score of 4) is used to rep-
resent twice the level of ability as ‘‘extreme difficulty’’
(score of 2) which is similarly two times as good as ‘‘un-
able to perform the activity due to vision’’ (score of 1)
for all items. This appears inappropriate and Rasch
analysis has been used to confirm that differently weight-
ed response scales are required for different items to pro-
vide a valid scale (Pesudovs, Garamendi, Keeves, &
Elliott, 2003). 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 question regarding visual difficulties �driving at
night� scores the same as ‘‘a little difficulty’’ with �driving
during the day.� Again, this seems inappropriate and
Rasch analysis has been used to confirm that subjects re-
port 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 (Pesudovs et al.,
2003). This new approach to instrument scoring and
development using modern psychometric methods, such
as Rasch analysis (de Boer, Moll, de Vet, Terwee, &
Volker-Dieben, 2004; Fisher, 1994; Fisher, Eubanks, &
Marier, 1997; Massof, 2002; Wright & Linacre, 1989)
to measure health outcomes has suggested improved
validity in item inclusion and on assessment of item dif-
ficulty across person QoL (Norquist, Fitzpatrick, Daw-
son, & Jenkinson, 2004; Pesudovs et al., 2003; Raczek
et al., 1998; White & Velozo, 2002).

The purpose of this study was to evaluate the psycho-
metric properties of the RSVP questionnaire using Rasch
analysis. We hypothesize that the RSVP, like other non-
Rasch developed questionnaires, would have (1) sub-op-
timal internal consistency and would benefit from item
reduction; (2) under performing response categories
and would benefit from response scale collapse; and (3)
better precision with Rasch scaling. Rasch analysis was
used to estimate person and item calibrations on the
same scale. It was also used to identify poorly performing
questions within the RSVP, which perhaps could be
omitted to improve its discriminative ability (Pesudovs
et al., 2003). In addition, we compared the discriminative
ability of the original Likert-scored RSVP, a Rasch-
scored RSVP and a reduced item Rasch-scored RSVP
by means of relative precision (Fitzpatrick et al., 2004;
McHorney, Haley, & Ware, 1997; Norquist et al., 2004;
Raczek et al., 1998). Finally the reanalysed RSVP was
compared to the original using the psychometric analyses
approach suggested by de Boer et al. (2004).
2. Methods

2.1. Study sample

One hundred and eighty-two patients were randomly
recruited from a refractive surgery clinic (RSC, n = 91)
and general optometric practice (GOP, n = 91) in Leeds
(UK). The RSVP questionnaire was given to each sub-
ject in the RSC and the GOP by their clinicians. RSC
patients were requested to complete the questionnaire
before they underwent their refractive surgery consulta-
tion. Subjects gave informed consent to participate after
the nature of the study had been fully described. The
study followed the tenets of the Declaration of Helsinki
and it was approved by the university�s ethics commit-
tee. Exclusion criteria were ocular disease, ocular sur-
gery, neurological or systemic disease, any medication
that could alter visual function and an inability to read
and understand written English. The study was limited
to myopic patients with greater than –1.00 D along at
least one meridian and a minimum age of 18 years.

Refractive error measure/modality and demographic
information were extracted either from respondent�s an-
swers on the background information section of the
questionnaire or from their clinical records. To deter-
mine the socio-economic status of both sample popula-
tions, each subject was requested to note their postcode
details. A socio-economic status indicator was catego-
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rized for each subject based on the �Indices of Depriva-
tion 2000, Index of Multiple Deprivation specified by
the National Statistics website (Office for National Sta-
tistics, 2001) and calculated from their postcode. The
distribution of the Index of Multiple Deprivation values
was skewed, so a logarithmic conversion of these values
was performed for comparison of the two samples.
Table 1
Assessment of psychometric properties of the RSVP from 182 patients

Items Skew

20-item scale

17—I worry about my vision 0.19
18—My vision is a concern in life 0.09
19—My vision holds me back 0.10
20—I am frustrated with my vision �0.02
21—My vision makes me less self-sufficient 0.53
22—Because of my vision, there are things I am afraid to do 0.84
23—I could accept less than perfect vision if I didn�t need glasses

or contact lenses any more
0.17

24—As long as I could see well enough to drive without glasses or
contact lenses, I wouldn�t mind having vision that was less
than perfect

�0.04

26—Playing or working outside 1.66
31—Doing your job 1.84
32—Doing sports/recreation 0.73
37—Driving when it is raining 1.31
38—Driving when there is glare from oncoming headlights 0.85
39—Your eyes feeling irritated 0.84
40—Drafts blowing in your eyes 1.10
45—Glare 1.56
52—Glasses getting dirty or scratched 0.33
53—Glasses getting fogged up or wet 0.26
56—The sensation of having contact lenses in your eyes 1.36
57—Not being able to wear contact lenses as long as you need to 0.67
42-item scale

25—Watching TV or movies 1.41
27—Taking care or playing with children 1.54
28—Seeing your alarm clock 2.87
29—Seeing clearly when you wake up 1.80
30—Seeing a clock on the wall 1.99
33—Swimming 0.10
34—Your social life 1.77
35—Reading and near work 1.36
36—Driving at night 1.15
41—Eyes being sensitive to light 2.03
42—Pain in your eyes 2.67
43—Changes in your vision during the day 1.89
44—Your vision being cloudy or foggy 2.10
46—Things looking different out of one eye versus the other 1.94
47—Seeing a halo around lights 1.65
48—Seeing in dim light 1.30
49—Your depth perception 2.26
50—Things appearing distorted 2.56
51—Judging distance when going up or down steps 2.72
54—Contact lenses popping out/falling out of your eye 2.45
55—Contact lenses getting caught up under your eyelid, or

moving around in your eye
1.89

58—Losing a contact lens 2.38

Values of skew, kurtosis, percentage of missing data, percentage ceiling eff
analysis fit statistics (infit and outfit mean square), item calibration and stand
retained 20-item version and the additional items of the original 42-item RS
2.2. Instrument

Quality of life was assessed using the RSVP question-
naire. The 42 items of the RSVP (Table 1) are distribut-
ed among the domains of concern (6 items),
expectations (2 items), physical/social functioning (11
items), driving (3 items), symptoms (5 items), glare (3
Kurtosis Missing
data (%)

Ceiling
effect (%)

Infit
mean
square

Outfit
mean
square

Item
calibration
(SE)

�0.23 0.6 11.5 0.89 0.91 39.6 (0.6)
�0.59 0 7.1 0.97 1.00 36.5 (0.6)
�0.82 0 21.4 0.88 0.90 41.1 (0.6)
�0.62 0.6 13.7 0.83 0.84 38.2 (0.6)
�0.66 0 35.2 1.02 0.96 44.8 (0.6)
�0.02 0 41.7 1.07 0.99 46.3 (0.7)
�0.97 2.7 12.6 1.56 1.71 38.8 (0.6)

�1.17 1.1 15.4 1.63 1.70 38.6 (0.6)

3.01 6.6 56 1.02 0.97 50.8 (0.8)
3.82 6 60.4 0.95 0.83 51.9 (0.9)

�0.38 13.7 35.2 1.31 1.25 44.1 (0.7)
1.32 11.5 48.4 0.87 0.81 49.3 (0.8)
0.32 12.1 33.5 0.86 0.87 45.9 (0.7)
0.38 3.3 36.3 0.82 0.92 46.8 (0.7)
0.87 11 41.2 0.88 0.83 47.7 (0.8)
2.41 6.6 56.6 0.96 1.01 51.3 (0.8)

�0.63 6 18.7 0.99 1.04 42.3 (0.6)
�0.41 7.1 13.2 0.97 1.06 40.8 (0.6)
1.59 50.5 27 1.04 0.97 50.4 (1.1)

�0.49 50 18.7 1.06 1.02 45.4 (0.9)

1.20 2.7 64.8 0.73 0.69 53.3 (0.9)
1.54 33 45.6 0.78 0.64 53.0 (1.1)
8.35 9.3 75.8 1.14 0.82 58.0 (1.2)
2.33 18.1 60 1.07 0.96 53.7 (1.0)
3.46 4.4 73.1 0.85 0.67 55.9 (1.1)

�1.38 44 14.3 1.97 1.97 37.9 (0.8)
3.24 6.6 61 0.98 0.85 51.7 (0.9)
0.95 7.7 56.6 1.30 1.31 49.7 (0.8)
1.18 11.5 44 0.78 0.73 48.8 (0.8)
4.59 6.6 64.3 0.97 0.99 53.5 (0.9)
8.47 8.8 70.9 1.21 1.11 55.8 (1.1)
4.22 6 62.63 0.78 0.70 53.3 (0.9)
5.05 6.6 67.6 0.94 0.83 54.6 (1.0)
4.02 9.3 63.2 1.04 0.96 53.4 (1.0)
1.96 12.1 62.6 1.00 0.91 54.0 (1.0)
0.94 6.6 58.2 0.78 0.77 52.0 (0.9)
5.40 10.4 70.3 0.89 0.78 57.1 (1.2)
7.14 6 75.3 0.85 0.73 58.0 (1.2)
7.57 6.6 76.4 1.20 0.84 57.8 (1.2)
6.33 51.1 36.8 1.33 1.07 55.7 (1.4)
4.11 50.5 29.7 1.19 1.12 52.6 (1.2)

5.16 53.3 36.3 1.59 1.26 55.3 (1.4)

ect [percentage answers in the �never (or equivalent)� response], Rasch
ard error are represented for the 42-item, 5-response scale model. The
VP are shown.
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items), optical problems (5 items) and problems with
corrective lenses (7 items). Responses were scored in
accordance with the authors� recommendations (Vitale
et al., 2000).

Rating responses of 0 �not applicable� and 6 �never did
the activity for other reasons not related to vision (or
equivalent)� were scored as missing data. For items relat-
ed to physical/social functioning, driving, symptoms,
glare and optical problems, subjects were requested to
answer for when they were wearing spectacles, contact
lenses or no correction. Rating scores for patients wear-
ing both spectacles and contact lenses were taken from
the worst rating score (Vitale et al., 2000).

2.3. Data analysis

The usefulness of the data provided by the items of
the RSVP was analysed using the percentage of missing
data, skew and kurtosis (agreement with normality),
ceiling effect (percentage of responses on the most able
end category of the response scale) and infit/outfit statis-
tics provided by Rasch analysis. Infit mean square
(information-weighted fit statistic) and Outfit mean
square (outlier-sensitive fit statistic) determine the extent
that the observed responses fit the expected responses
from the Rasch model. The expected value of both the
Infit and Outfit mean square is 1. An infit and outfit
mean square value lower than 0.80 is considered as over-
fitting suggesting the items may be providing redundant
information. Mean square values greater than 1.20 are
considered as misfitting suggesting the item is not as
closely related to the overall construct (QoL in this case)
as expected and, therefore, it measures something differ-
ent (Massof & Fletcher, 2001; Pesudovs et al., 2003;
Smith, 1986; White & Velozo, 2002). Responses of the
patients to the items of the RSVP were also examined
by means of Cronbach�s a, Cronbach�s r-bar and person
separation and reliability (Mallinson, Stelmack, & Vel-
ozo, 2004).

In addition, Rasch analysis was used to rescale the
RSVP and this scoring method was compared to the tra-
ditional Likert scoring system. Rasch analysis was per-
formed using Winsteps version 3.35 applying the
Andrich rating scale model using joint maximum-likeli-
hood estimation (Andrich, 1978).

The standard scoring system of the RSVP uses Likert
scoring which assumes that every item has the same val-
ue and the sum of the 42 items scores were calculated
(Vitale et al., 2000). To facilitate comparison, both Ras-
ch and Likert scores were linearly transformed to a 0–
100 scale, with 0 indicating the best quality of life. To
compare the Rasch and Likert scores of the RSVP we
determined which scoring method best discriminated be-
tween the RSC and GOP groups using the method of
relative precision (Norquist et al., 2004; Raczek et al.,
1998). We would expect these groups to be different as
it has previously been shown using the QIRC question-
naire that patients presenting for refractive surgery feel
their QoL is more affected by their refractive correction
than patients attending general optometric practice
(Garamendi, Pesudovs, & Elliott, in press; Pesudovs
et al., 2004). Relative precision coefficients were estimat-
ed from the ratio of pairwise F statistics (F value indicat-
ing the discriminative ability of one questionnaire
divided by the F value indicating the discriminative abil-
ity of another questionnaire). Relative precision was cal-
culated for the original Likert-scored RSVP, for a
Rasch-scored RSVP and a reduced-item Rasch-scored
RSVP that only included the items that were identified
as the most useful items by Rasch analysis.

Finally, test–retest reliability of the RSVP was as-
sessed using data from a random sample of 41 patients
(19 RSC, 22 GOP; mean test–retest time 3.2 ± 1.0
weeks) using the intraclass correlation coefficient (ICC)
(Shrout & Fleiss, 1979) and coefficient of repeatability
(COR) (Bland & Altman, 1986).
3. Results

The demographic characteristics of the study popula-
tion are shown in Table 2. There were no differences be-
tween the RSC and GOP groups in terms of age
(p = 0.22), socio-economic status (p = 0.74) and gender
(p = 0.94). The RSC group had 1.25D more myopia
(p < 0.01) than the GOP group.

3.1. Descriptive statistics

RSVP data quality is shown in Table 1, which lists
skew and kurtosis values (agreement with normality),
the percentage of missing data, ceiling effect (percentage
of responses on the most able end category of the re-
sponse scale) and infit/outfit mean square statistics for
each item of the RSVP questionnaire.

3.2. Rasch analysis

Fig. 1 shows patient quality of life against item diffi-
culty map established by Rasch analysis for the 42-item
RSVP questionnaire. Patient and item scales were line-
arly transformed from logit units to a 0–100 scale
(Umean = 49.179, Uscale = 7.565). Patients (#�s on
the left of the map) with better quality of life and more
difficult items (labelled on the right) appear in descend-
ing order from the top to the bottom of the map. Items,
on the right, are represented as item numbers with a
decimal representing the response scale boundary. With
a 5-category scale there are four boundaries between
categories so that each item is represented in the figure
by four points, being the point on the scale where the
response most likely to be selected changes from one



Table 2
Demographic characteristics of the 182 subjects from both refractive surgery clinic (n = 91) and general optometric practice (n = 91) sample groups

Characteristics Refractive surgery clinic General optometric practice

Age (mean ± SD; range), years 39.2 ± 10.7 (20–64) 37.2 ± 10.8 (18–67)
Gender (% female) 58 62
Socio-economic status 1.34 ± 0.25 1.35 ± 0.23
Race (% white) 100 100
Spectacle wearers (%) 57 48
Mean sphere correction (median DS, range) �4.25 (�1.25 to �18.50) �3.00 (�0.25 to �11.00)

Socio-economic status was determined by using the �Indices of Deprivation 2000, Index of Multiple Deprivation� specified by the National Statistics
website (Office for National Statistics, 2001).

Fig. 1. Patient QoL/item difficulty map for the 42-item RSVP. On the left of the dashed line are the patients, represented by #. On the right are the
crossover points between each response scale (level of the scale where the answer category is most probable to be rated by a patient with that QoL).
Patients with better quality of life and more difficult items are near the bottom of the map; patients with poorer quality of life and less difficult items
are near the top. The scale is in units 0–100. (M) mean; (S) 1SD from the mean; (T) 2SD from the mean.
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category to the next. For this sample, the items, placed
higher, are too easy for the patients which are placed
lower on the map. This suggests that item difficulty
poorly targets patient quality of life issues related to
refractive error correction. The patient and item means,
indicated by M in Fig. 1, are separated by 12.86 units
quantifying poor item to person targeting.

3.3. Response scale reduction

The 5-rating categories on the RSVP were not utilized
with the same frequency across all 182 patients. The
‘‘always’’ or equivalent response category (5 response
category) was not used for 10 of the 42 items by any
of the patients. Responses on this end category differed
from 0.5% to 22.5% of which only one item had 22.5%
of the responses and all the remaining items had lower
than 10% of the responses. To improve the underutiliza-
tion of the end category the two highest rating categories
‘‘always’’ (5) and ‘‘often’’ (4) could be combined (Lina-
cre, 1999; Pesudovs et al., 2004). This resulted in a
reduction in the mean difference between item difficulty
and patient quality of life from 12.86 to 9.82 units and a
slight increase in patient separation from 2.71 to 2.76.



Fig. 2. Patient QoL/item difficulty map for the 20-item RSVP.
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Person separation is an indicator of the ability of the
instrument to differentiate between different patients�
quality of life. It is expressed as the ratio of the adjusted
standard deviation to the root mean square error (Pes-
udovs et al., 2003). A person separation value of greater
than 2.0 is indicative that patients are significantly differ-
ent in quality of life across the measurement distribution.

3.4. Item reduction

Although the combined response category improved
the difference between item and patient mean values
there were still several items providing relatively little
information as shown by the data in Table 1. There-
fore, we attempted to remove items from the question-
naire that contributed little to the assessment of
patient�s quality of life. The criteria used for item
removal were: (1) infit mean square outside the range
0.80–1.20; (2) outfit mean square outside the range
0.70–1.30; (3) high proportion of missing data; (4) ceil-
ing effect; (5) skew and kurtosis outside the range
�2.00 to +2.00 (Pesudovs et al., 2003). Items were re-
moved one at a time as item removal changes fit statis-
tics. This improved the fit of some items that initially
had high infit/outfit values and reduced the mean dif-
ference between item difficulty and patient quality of
life. If removal of an item with high or low infit/outfit
values considerably decreased person separation (<2.0)
that item was retained. This iterative process finally
resulted in a 20-item questionnaire with a person sepa-
ration of 2.01 and mean difference of 5.16 units
(Fig. 2). Items 23 and 24 still had high infit and outfit
values and item 20 had low fit values. However, remov-
al of these items decreased person separation to below
2.0 and increased mean difference suggesting poor tar-
geting. Therefore, these three items were retained. This
indicates that while the reduced version of the RSVP is
improved, it is still not ideal.

Cronbach�s a for the original RSVP validation was
0.92 (range from 0.70 to 0.93, Vitale et al., 2000) and
for this data set it was 0.98. For the shortened 20-item
version of the RSVP questionnaire Cronbach�s a was
0.90 (Table 3). Cronbach�s r-bar, which accounts for
the effect of the number of items on Cronbach�s a (Mas-
sof, 2004) is also provided in Table 3 and shows very low
inter-item consistency for the Likert scored RSVP. Test–
retest repeatabilities of data from 41 subjects using the
same scoring rules are also shown in Table 3.

3.5. Relative precision

The ability of the RSVP to discriminate between sub-
jects considering refractive surgery and those from opto-
metric practice is shown for various Likert and Rasch
scoring rules in Table 3, using assessments of relative
precision (Norquist et al., 2004; Raczek et al., 1998).
As an example of the calculation of relative precision,
Likert scoring indicated mean values (±1 SE) for the
RSC and GOP groups of 18.02 ± 1.03 and
23.38 ± 1.22 respectively. ANOVA indicated that these
values were significantly different (F = 11.37, p < 0.01).
Rasch 5-category scoring gave mean values of
36.46 ± 0.39 and 38.61 ± 0.47 (F = 12.46, p < 0.01).
Relative precision coefficients were estimated from the
ratio of pairwise F statistics. Therefore, relative preci-
sion of the Rasch-scored 5-category RSVP was calculat-
ed as: relative precision = 12.46/11.37 = 1.10. The
20-item Rasch scaled RSVP had much greater relative
precision (2.97). These analyses were repeated using
ANCOVA with refractive error as a covariate, given
the significant difference in refractive error between the
RSC and GOP groups. In this case, the difference in
the RSVP Likert scores between the two groups was
not significant (F = 2.74, p = 0.10), whereas it remained
highly significant for the Rasch scored 20-item RSVP
(F = 11.25, p = 0.01). Using these ANCOVA F-values
provides a relative precision value of 4.11 (11.25/2.74)
for the 20-item Rasch scaled RSVP.



Table 3
Person separation and reliability, targeting of items to patients and Cronbach�s a and r-bar for the original RSVP validation and the three Rasch
scaled versions

Likert scored
RSVP

Rasch scored
RSVP (5 responses)

Rasch scored
RSVP (4 responses)

Rasch scored
20-item RSVP

Person separation — 2.71 2.76 2.01
Reliability 0.88 0.88 0.80
Adjusted SD (AdjSD) 5.29 6.19 6.45
Root mean square error (RMSE) 1.95 2.24 3.21
Difference between item and patient means (patient SEM) — 12.86 (1.95) 9.82 (2.24) 5.16 (3.21)
Cronbach�s a 0.92 0.98 0.98 0.90
Cronbach�s r-bar 0.22 0.54 0.54 0.47
Relative precision 1.00 1.10 1.18 2.97
Coefficient of repeatability ±12.5 ±4.9 ±5.4 ±5.8
Intraclass correlation coefficient 0.74 0.74 0.74 0.80
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4. Discussion

As hypothesised, Rasch analysis illustrated the inad-
equacy of summated Likert scoring and using tradition-
al methods in the development and validation of
questionnaires. Comparison of item difficulty to patient
quality of life (Fig. 1) showed poor targeting of item dif-
ficulty to patient QoL measures which is reflected
numerically by the high mean difference between item
difficulty and patient QoL mean values. Rasch analysis
also showed that several items provided less useful data
as indicated by poor fit statistics. Combining the two
highest response categories ‘‘always’’ (5) and ‘‘often’’
(4) or equivalent improved the targeting of item difficul-
ty to patient QoL. While this decreased the mean differ-
ence between item difficulty and patient quality of life
and improved patient separation, there were still misfit-
ting items that did not discriminate between patients.
Reduction of redundant and misfitting items resulted
in a 20-item RSVP questionnaire with a person separa-
tion over 2.0 and improved targeting of items to patients
(Fig. 2). The 20-item version was still not ideal as it had
three misfitting items (Infit > 1.20 or <0.80 and Out-
fit > 1.30 or <0.70) but removal of these items decreased
person separation to values under 2.0, which is an unac-
ceptable loss of precision. Removal of these items and
addition of other items relevant to patients� quality of
life could further improve discrimination and validity.
The reduction in respondent burden was estimated as
reducing time taken to complete the questionnaire by
over half, based on a reduction in the number of ques-
tions from 42 to 20.

The original RSVP questionnaire contains 14 items
related to physical and social functioning and driving
and eight related to symptoms and glare. After using
Rasch analysis to remove the least useful items, the re-
duced item RSVP only included 20-items of which five
were related to physical and social functioning and driv-
ing and three to symptoms and glare. These results are
consistent with our previous report that introduced a
refractive correction-related QoL questionnaire, the
QIRC questionnaire, in which Rasch analysis identified
that patients with corrected refractive error felt they had
few problems with visual function and few symptoms,
and that issues such as convenience, cost, health con-
cerns and appearance determine the influence of refrac-
tive correction on QoL (Pesudovs et al., 2004). Perhaps
the reason why the original RSVP was so heavily
weighted with functioning and symptoms questions
was because the items were principally determined by
clinicians (Schein, 2000), who tend to deal with patients�
presenting complaints of symptoms or functional diffi-
culties, instead of using an objective approach such as
Rasch analysis. The 20-item RSVP still includes a mod-
erate amount of items on the physical and social func-
tioning, driving, symptoms and glare domains but this
could be because there is lack of items to discriminate
between the remaining domains.

The Likert scored RSVP data had an extremely high
value of Cronbach�s a of 0.98. Cronbach�s a is generally
used as a reliability coefficient, to represent the unidi-
mensionality of a questionnaire, but it is dependent on
the magnitude of correlations between items and the
number of items in the questionnaire (Streiner & Nor-
man, 2003). Therefore inclusion of many highly corre-
lated items provide high values of Cronbach�s a
(>0.90), which suggest a high degree of item redundancy
(DeVellis, 1991; Streiner & Norman, 2003). In addition,
Cortina (1993) reported that Cronbach�s a is dependent
upon the number of items, so that an instrument with
more than 20 items would have a high Cronbach�s a
implying high correlation among items without neces-
sarily having high inter-item correlation at all. Rasch
analysis identified redundancy on the original RSVP
and removal of more than half of the items lowered
Cronbach�s a (0.90) to a more acceptable value (Streiner
& Norman, 2003) although this is probably still too
high. Cronbach�s r-bar values (Table 3), which account
for the effect of the number of items on Cronbach�s a
are low (Massof, 2004). In addition, person separation
decreased to 2.01 compared to the original Rasch scored
RSVP (Table 3) with increased variability in patients�
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QoL (AdjSD) and the reduced number of items and rat-
ing scale categories (RMSE) (Mallinson et al., 2004).

The relative precision validity coefficient was in-
creased when using the Rasch scoring method over the
standard Likert scoring in discriminating between
patients from both sample populations. The relative
precision was further increased using the 4-category
Rasch-scored RSVP and particularly with the 20-item
Rasch-scored RSVP. This is likely due to reduced stan-
dard error values (Raczek et al., 1998) due to the elimi-
nation of poorly performing items and the appropriate
weighting of items and categories within items by Rasch
analysis and the ability of Rasch analysis to estimate
scores despite missing data (Raczek et al., 1998).

The coefficients of repeatability show a much im-
proved repeatability for the Rasch-based scoring meth-
ods, so that a significant change in score from test to
retest is more than halved when Rasch scoring is used.
The lack of change in the test–retest correlation coeffi-
cients is due to the influence of the range of scores on
correlation coefficients (Bland & Altman, 1986), which
is greater for Likert scoring and offsets the poorer
repeatability compared to Rasch scoring.

In summary, Rasch analysis was used to assess the
psychometric properties of the RSVP questionnaire.
As hypothesised, reduction of redundant and misfitting
items could improve the internal consistency and target-
ing of the RSVP, resulting in a 20-item RSVP. Relative
precision demonstrated that Rasch-based scoring meth-
ods provided a more precise estimate of RSVP scores
and improved discrimination between groups. There-
fore, we would recommend the use of a Rasch scaled
QoL questionnaire for use in refractive outcomes re-
search. Either a questionnaire developed using Rasch
analysis such as QIRC, or using the shortened 20-item
Rasch-scaled RSVP questionnaire.
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