
cxo_554 52..62

RESEARCH PAPER

Multiplicative rating scales do not enable measurement of
vision-related quality of life
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Purpose: Many questionnaires for the measurement of visual impairment exist. One, the
Houston Vision Assessment Test (HVAT), takes a different approach: the patient is asked
to rate overall impairment and the proportion attributed to vision, then through multi-
plication the visual and non-visual (physical) impairments are calculated. The purpose of
this study was to determine whether the scores derived from this approach can be
considered to be measures.
Methods: The participants were 193 cataract patients awaiting surgery (mean age 74.1 �

9.8 years, 54 per cent female and 53.6 per cent were awaiting first eye surgery), who
self-administered the HVAT, which consists of 10 questions, whereby impairment on each
activity and the proportion attributable to vision is rated. Therefore, total, visual and
physical impairments are calculated. For each question, multiplying the impairment (five
response categories) by the proportion due to eyesight (five categories) gives 10 possible
levels of visual impairment. Assessment of the multiplicative rating scales included fre-
quency of category use and hierarchical ordering of response categories using category
thresholds. Summary statistics of Rasch analysis were generated for the rating scale and
overall questionnaire performance.
Results: In the multiplicative scale, higher response categories were under-utilised and
thresholds were disordered, indicating that the categories did not function as intended.
Some of the dysfunction arose from disordered thresholds in the ‘proportion due to
eyesight scale’, but repairing this gave little improvement to the multiplicative scale. The
ill-defined nature of the disordered categories precluded further repair by combining
categories. Measurement precision, as indicated by person separation reliability, was poor
(0.70).
Conclusion: Rasch analysis demonstrated that the categories of the multiplied rating
scale of the HVAT were not ordered, as the user would expect; this precludes measure-
ment. This provides evidence against the use of multiplicative rating scales in quality-of-
life questionnaires. It would be better to use a single rating scale for each construct of
interest.Submitted: 2 November 2009
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Patient-reported outcomes (that is, ques-
tionnaires) are increasingly being used
in the assessment of outcomes in health
care and sound psychometric properties
improve the chances that correct deci-
sions are made from questionnaires.1–4

Commonly, questionnaires assess a single
attribute such as difficulty (for example:
how much difficulty do you have walking
up stairs?) or intensity (for example: how
severe is your pain?).5 There are question-
naires that assess more than one
attribute,6 for example, intensity and
frequency of symptoms are evaluated
together in the Functional Assessment of
Chronic Illness Therapy (FACIT).7 The
value of using more than one attribute has
been questioned, with increase in respon-
dent burden being cited as a potential
problem.8 In ophthalmology, several
questionnaires ask patients to rate two
attributes, for example importance and
difficulty in performing a task, and
thereby incorporate a two-part rating
scale.9,10 Examples include the Activity
Inventory (AI),11,12 weighted version of
the Melbourne Low-Vision Activities of
Daily Living Index (MLVAI)9 and the
Visual Disability Questionnaire (VDQ).10

The MLVAI weights the individual scores
from the importance of and difficulty with
each question to generate a composite
score (importance–difficulty representing
the disability impact) for the question. For
example, an importance score of 4 is mul-
tiplied by a difficulty score of 4 to provide
a composite disability impact score of 16
for a particular question. Conversely, in
the AI and VDQ, importance and difficulty
are treated as separate variables and the
individual rating scales have been shown
to perform well.10–12

The Houston Vision Assessment Test
(HVAT) published in 2000 has been
proposed as an instrument to guide
the decision-making process between the
patient and the ophthalmologist when
considering cataract surgery.13 The HVAT
uses a two-part rating scale with the
hypothesis that performing an activity
requires a non-visual (for example, physi-
cal or cognitive) and a visual component,
so both non-visual and visual impairments
can be estimated and together these form

the total impairment. In each question,
patients estimate their total impairment
on an activity (part A) and the proportion
of impairment attributable to vision (part
B). The values representing the choices
made in parts A and B are multiplied
together to give the visual impairment.
The difference between total impairment
and visual impairment is considered to be
the physical impairment. Values for total,
visual and non-visual impairments can be
averaged across all answered questions to
give an overall score, which is expressed as
a percentage. Using rudimentary psycho-
metric analysis, the HVAT has high inter-
nally consistent reliability (Cronbach’s
alpha = 0.96 preoperatively) and validity.13

The scoring approach attempts to use
Classical Test Theory (CTT) to provide
the measurement. The CTT approach has
other well-recognised shortcomings.14–18 A
major limitation, as it relates to HVAT, is
the use of ordinal values (or numbers) as
scores assigned to different response cat-
egories, with the underlying assumption of
equal distances between response catego-
ries along the variable measured. This
assumption is commonly invalid because
numbers or scores only indicate an order-
ing relationship and do not represent
counts of equal units of measurement,
due to which the scores do not share the
interval properties of measures. Conse-
quently, raw scores cannot be considered
as measures.13,17,19 The issue becomes
further complicated with the use of a
two-part multiplicative rating scale and
specifically the philosophy that under-
pins the development of the HVAT (that
is, to disentangle visual from non-visual
impairment). Therefore, the validity of
such rating scales may be questioned,20

and the ordering and spacing of response
categories are easily tested with Rasch
analysis.

Owing to several advantages, Rasch
analysis is increasingly being used in the
assessment of health care outcomes. Spe-
cifically, Rasch analysis allows improved
assessment of the functioning of rating
scales (or response categories) and en-
ables re-engineering, if required. Further-
more, by converting ordinal level data
(that is, responses on a Likert-type rating

scale) to interval-level data, Rasch analysis
provides a truly linear scale.21,22 Such con-
version of the scoring is beneficial, as it
reduces noise and justifies the use of para-
metric statistical analysis. An important
feature of Rasch analysis is the manage-
ment of missing data, which commonly
occurs, for example, for driving items, in
cataract populations. In Rasch models,
missing data are accounted for scientifi-
cally, as Rasch analysis computes an esti-
mate from the available data.23 Therefore,
missing data are not problematic, other
than the small loss of precision that occurs
when values are estimated from fewer
items.

Despite its publication a decade ago, the
HVAT has been rarely used. While reasons
for the lack of its use are unknown, the
HVAT remains within the realm of
questionnaires developed for use in the
cataract population. Therefore, its psycho-
metric performance should be tested and
we are specifically interested to test the
validity of the rating scale approach.
Therefore, the objective of the present
study was to investigate the functioning of
the rating scale of the HVAT using Rasch
analysis, specifically to determine if raw
scores from the HVAT can be considered
to represent measures (that is, a linear
scale). We also aimed to repair any dys-
function in the rating scales, if possible, so
as to maximise the measurement proper-
ties of the questionnaire.24

METHODS

The Houston Vision
Assessment Test
This test (the HVAT) consists of 10 items,
which are listed in Table 1.14 The ques-
tions involve a two-part answer. Part A asks
participants to rate the amount of total
impairment ranging from ‘not at all
limited’—0, ‘slightly limited’—1, ‘some-
what limited’—2, ‘moderately limited’—3,
and ‘severely limited’—4. An additional
response category marked by * is used to
account for a participant who does not
perform the given activity and therefore
constitutes missing data. Part B then asks
the participants to rate the proportion of
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the limitation due to eyesight. There are
six response categories ranging from zero
to five, with zero being assigned if a par-
ticipant does not have any visual or physi-
cal limitation. Given that part B asks the
participants to report how much of the
limitation is due to visual problems, cat-
egory zero was considered as missing data
and therefore we rescored the remaining
five categories from zero to 4 (from ‘none
due to eyesight’ (zero per cent, scores
0)—0, ‘some due to eyesight’ (25 per cent,
scores 0.25)—1, ‘half due to eyesight’ (50
per cent, scores 0.50)—2, ‘most due to
eyesight’ (75 per cent, scores 0.75)—3 and
‘all due to eyesight’ (100 per cent, scores
1.0)—4 for each activity. The proportion
due to eyesight is used to calculate how
much of the total impairment is caused by
vision (that is, the amount of visual impair-
ment). Thus, visual impairment is deter-
mined by multiplying part A by the part B
rating. For example, if, for one question, a
participant chose the response option
‘severely limited’, which is scored as 4 in
part A, and chose ‘all due to eyesight’,
which is scored as 100 per cent (repre-
sented by 1.0) for part B, the visual impair-
ment for this question would be the score
in part A multiplied by the weighted score

in part B or 4 multiplied by 1.0 = 4.0.
Non-visual impairment is calculated in the
same way except that part A is multiplied
by 1—the weighted score in part B.
Thereby the percentage non-visual impair-
ment will be the residual non-visual pro-
portion of total impairment. Overall
values for total, visual and non-visual
impairments are calculated by averaging
across answered questions and converting
scores into percentages. Therefore, the
overall percentage visual impairment by
the formula: (sum of individual visual
impairment scores / (number of pairs
completed ¥ 4.0)) ¥ 100, to yield a range
of 1–100. A higher score indicates greater
impairment.

Participants
Participants were 208 patients of the
Flinders Eye Centre, Adelaide, South Aus-
tralia, who were currently on the waiting
list (average waiting period was three to
four months) for cataract surgery. All par-
ticipants were aged 18 years or older,
English speaking and were able to provide
written consent. Responses from 15 par-
ticipants (seven per cent) were deleted, as
they were uncertain of their responses,
thereby leaving 193 participants in the

study. Table 2 summarises their character-
istics. This study sample appears to be
representative of the elderly cataract
population in Australia.25

Participants were mailed the HVAT
along with the demographic data form for
self-administration and return via a self-
addressed envelope. Ethical approval was
obtained from the Flinders Clinical
Research Ethics committee. All patients
who agreed provided informed consent.
The study was conducted in accordance
with the Declaration of Helsinki.

Clinical assessment
For demographic purposes, we report
clinical data that were collected prior to
cataract extraction. Visual acuity was mea-
sured using computerised testing based
on logMAR principles with a screen illumi-
nation of 150 cd/m2. All assessments were
performed binocularly as binocular acuity
was considered representative of real-
world ability.26,27

Rasch analysis
We examined the visual impairment scale
as originally proposed by the developers
(that is, a multiplicative scale of parts A
and B). If this was found to be dysfunc-
tional, we examined each part individually
(that is, part A and part B were analysed
separately) to try to find the cause
and potential remedial strategy for the
problem.

Rasch analysis28 was performed with the
Andrich rating scale model29 using Win-
steps software (version 3.68).30 The Rasch
model and the process of Rasch analysis is
described in detail elsewhere.10,31–33

The main variables of the Rasch model
are ‘person ability’ and ‘item difficulty’,
both of which are estimated in logits
(that is, log-odd units). In Rasch analysis,
the probability of a person choosing a
response category for an item (or activity)
depends on the ‘person ability’, as well as
the ‘item difficulty’. If the person’s ability
in performing an activity is lower than the
required visual ability for that activity,
then the probability of the person rating
the task in the highest (that is, worse)
scoring category is high. Conversely, if the
person’s ability is higher than the required

Item no. Item description

1A To what extent is your cooking impaired?
2A To what extent is your driving at night impaired by oncoming headlights?
3A To what extent is your driving during the day impaired?
4A To what extent is your housework impaired?
5A To what extent are your leisure activities impaired?
6A To what extent are your outdoor activities impaired?
7A To what extent is your reading impaired?
8A To what extent is your taking medicine impaired?
9A To what extent is your watching TV impaired?

10A To what extent is your writing impaired?
11 How certain do you feel about all the answers you gave?

Part ‘B’ for each of the items: If there are limitations, how much is because of eyesight? Response
options for this include ‘I have no visual or other limitations’, ‘none due to eye sight’, ‘some due to
eye sight’, ‘half due to eyesight’, ‘most due to eyesight’ and all due to eyesight’.

Table 1. Item content of the Houston Vision Assessment Test
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visual ability, then the probability of the
person rating the task in the lowest (that
is, better) scoring category is high. A rela-
tively easy item and a less able person (that
is, with greater visual impairment) will
have positive logits for the HVAT.34

A sequence of analyses was performed.
First, the use of response categories by the
participants was examined. Response cat-
egories for items should form a continuum
of less to more. That is, endorsing a lower
category should represent being less visu-
ally impaired (in the case of HVAT) than
endorsing a higher category. Specifically,
the location of thresholds was investi-
gated.35,36 Thresholds are boundaries
between contiguous response categories.
More appropriately, they correspond to
the location along the latent trait or con-
struct (visual impairment in this case),
where two adjacent response categories
have an equal probability of selection and
thus the boundaries between the response
categories are delineated.37 These thresh-
olds should demonstrate an ordered
behaviour (discussed in detail below). Lack
of order in the response categories (as
would be evident by disordered thresh-
olds) suggests a lack of common under-

standing of the use of these categories
between the designer and the participants.
Consequently, the item fit and placement
are affected. Such problems can be
resolved, albeit post hoc, by combining
categories and then reanalysing the data
to determine the optimal number of
response categories for the questionnaire
(HVAT in this case).38 If the disordered
thresholds could not be remedied for the
HVAT, further aspects of Rasch analysis,
such as item reduction (that is, delete mis-
fitting or otherwise problematic items so as
to retain the most eligible or fitting
items34), person–item map (that is, the
placement of items and people on a
common scale, for example, from most to
least difficult items and most to least visu-
ally disabled people), item difficulty and
person ability parameters and unidimen-
sionality (that is, whether all the items in
HVAT measure a single construct, an
important prerequisite for the use of a total
or summary score39) were not pursued.22

Nevertheless, given the bi-dimensional
nature of the rating scale of the HVAT, a
lack of unidimensionality can be expected.

The presence of functioning response
categories (that is, ordered thresholds) is

the fundamental requirement of a ques-
tionnaire. In the absence of this, the
reporting of further attributes of Rasch
analysis described above is unacceptable.

The investigation of the functioning of
the rating scale of the HVAT in the Rasch
model included an assessment of the fol-
lowing parameters:

CATEGORY USE STATISTICS
There are five response categories
(assigned values 0, 1, 2, 3, 4) each in part
A and B of the HVAT. Each category of
part A is multiplied by that of part B result-
ing in a multiplicative scale (A by B) or
(0,1,2,3,4) by (0,1,2,3,4) and thereby con-
tains 10 levels. These raw values of 10
levels would be (0,1,2,3,4,6,8,9,12,16) but
are assigned (0,1,2,3,4,5,6,7,8,9) in Rasch
analysis because the software would other-
wise interpret the raw category labelling to
contain intermediate categories between
the labels (that is, 17 categories from zero
to 16).

Category frequency and average
measure represent the use of categories by
the participants.40 As the name implies,
category frequency indicates how many
participants used a particular response cat-
egory. In the Andrich model, category
responses are effectively averaged across
all items. Linacre41 recommends that
there be at least 10 responses in each cat-
egory. Categories used less frequently are
often unnecessary or redundant.40

Based on his/her visual impairment, a
participant (or person) chooses a particu-
lar response category and this represents
the observed response. For example, the
observed response will be 1 for a partici-
pant who chose ‘slightly limited’ on part A
of a question on the HVAT. The average
measure for a particular category is
defined as the average of the difference
between the person’s ability and the item
difficulty across all observed responses in
that category.40 For example, if, for cat-
egory 1, the average measure recorded was
-2.0, then this value can be interpreted as
the average ability estimate for all partici-
pants who used a response category of 1
for any item on the HVAT. Participants
with greater or more severe visual impair-
ment are likely to choose higher-ranked

Characteristic n (%) or mean � standard deviation

Age (years) 74.1 � 9.8
Gender
Male 88 (45.6%)
Habitual binocular visual Acuity
logMAR, Snellen

0.22 � 0.21 (6/9.5-1), range -0.26 to 1.00 (6/3-2 to 6/60)
Awaiting second-eye surgery 82 (42.5%)
Ocular co-morbidity*
Present 90 (46.6%)
Systemic co-morbidity#

Present 135 (69.9%)

* Includes glaucoma, diabetic retinopathy, age-related macular degeneration et cetera.
# Includes diabetes, hypertension, angina et cetera.
logMAR = logarithm of minimum angle of resolution

Table 2. Characteristics of participants who completed the Houston Vision Assessment
Test (n = 193)
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response categories. Therefore, the ave-
rage measures are expected to increase
monotonically with the response catego-
ries. Lack of monotonic increase in the
average measures indicates that the cat-
egories do not function in the intended
order.

FIT STATISTICS
As the Rasch model is probabilistic and
not deterministic, some failure of the
model to predict the observed responses
can be expected. This amount of discrep-
ancy is represented by the mean-square
(MnSq) fit statistics and there are two
types of fit statistics, infit and outfit.42

While each of these identifies how well a
category is used, the infit statistic is less
sensitive to distortion from outliers and is
therefore considered more informative of
the two.40,41 We report the infit MnSq and
the expected value is 1.00. An infit MnSq
greater than 1.00 indicates the presence of
noise. For example, a value of 1.10 would
indicate 10 per cent more noise in the
response than expected. Generally, an
infit MnSq up to 1.30 (30 per cent more
variance than expected) is considered
acceptable. The fit of each response cat-
egory to the model was tested.

THRESHOLDS
Similar to the category average value,
threshold locations should advance
monotonically.38,43 Thresholds that do not
increase monotonically are considered
disordered.29 The distance between the
threshold estimates is also critical. Ideally
the distance should be at least 1.4 logits, in
order to eliminate the likelihood that
thresholds would be disordered in differ-
ent populations.41 Threshold disordering
suggests that the response scale is not
working adequately to order participants
with distinct levels of ability. A common
solution used for disordered thresholds is
to collapse adjacent categories, specifically
when categories are under-utilised (as
indicated by low category frequencies) or
used inconsistently (as indicated by disor-
dered thresholds).24,40 Consequently, each
rating category would represent a distinct
level of ability, compared with the adja-
cent category. When collapsing categories,

the examiner should be guided by the
person separation statistic.

Of these various indices, category use
statistics and thresholds are the most com-
monly used diagnostic statistics to investi-
gate functioning of the rating scale;
however, these statistics should not be
used in isolation.40 In addition, Rasch
analysis provides the person separation
reliability, which is used to evaluate the
extent to which the items in the question-
naire can distinguish between participants
regarding the level of the measured
construct (visual impairment in the
present case).35,44,45 A value of 0.80 or
greater is acceptable indicating that three
strata or groups of participants can be
differentiated.46

For the HVAT to be considered as a
measure of visual impairment, the multi-
plicative scale categories should demon-
strate average measures that increase
monotonically, with ordered thresholds,
sufficient distance between thresholds, sat-
isfactory fit statistics and the instrument
should have sufficient person separation
to differentiate the participants.

RESULTS

Missing data ranged from 8.3 per cent
(‘writing’) to 38.9 per cent (‘night
driving’). We present the analyses related
to a multiplicative scale of parts A and B
first, and then individually (that is, part A
and part B analysed separately).

Category use statistics
Tables 3 and 4 show the category use sta-
tistics for the 10-level (multiplicative scale)
and the five-level separate rating scale for
each of parts A and B. Except for catego-
ries 0 and 1, the remaining eight cat-
egories were significantly under-utilised
(columns 2 and 3), leading to a skewed
distribution of categories in the multipli-
cative scale (Table 3). Nevertheless, a
monotonic increase in the average mea-
sures is evident.

In comparison, the number of res-
ponses in most of the categories is high
when each of the rating scales was
analysed individually (Table 4). Further-
more, the distribution across categories

(columns 2 and 3) is regular in part B but
skewed in part A, as with the multiplicative
scale. Coinciding with this, there was a
monotonic increase in the average mea-
sures for parts A and B.

Fit statistics
In Table 3, categories 0, 6, 7 and 9 have
infit MnSq values substantially high, signi-
fying that more noise than expected by the
Rasch model was present (Table 3).

In comparison, the fit statistics for the
individual rating scales for parts A and B
(Table 4) show infit MnSq within accept-
able limits for all categories except cat-
egory four for part A and categories zero
and four (that is, the extreme categories)
for part B, signifying that these categories
contain more noise than expected by the
Rasch model.

Thresholds
Although the category average measures
appear to advance with increasing catego-
ries, the separation between the estimates
was very small for the multiplicative scale
(Table 3). For example, only 0.07 logits
separated category three from four. This
conceals a problem with category use,
which is exposed when observing the
response category thresholds in the cat-
egory probability curves. Figure 1 illus-
trates the category probability curves
(CPC) that participants with a given level
of visual impairment will select as a
response category. The CPC plots visual
impairment as a continuum on the x-axis
against the probability of endorsing each
response category on the y-axis. Each
curve corresponds to one response cat-
egory. Thresholds correspond to projec-
tion, on the x-axis, of intersections
between successive category probability
curves.47 For an optimally functioning
rating scale, each category should be the
most likely used category along the width
of scale (x-axis) and should appear like a
range of hills. Figure 1 shows that the esti-
mates of the thresholds, which define the
categories, do not form distinct regions of
the continuum. Instead, there is crowding,
suggesting that these 10 levels are not dis-
tinctly defined for the multiplicative rating
scale of the HVAT.
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In comparison, category thresholds
were ordered for part A when the two
parts (that is, A and B) were analysed sepa-
rately (Figure 2). Such ordered thresholds

indicate consistency of the participants’
use of the categories with the philosophy
of the developers. Furthermore, the end
categories (’slightly limited’ and ‘severely

limited’ in part A and ‘none due to eye-
sight’ and ‘all due to eyesight’ in part
B) were well spaced from the adjacent
categories in each of the rating scales.

Category label Category
count

Category
%

Average
measure

MnSq fit statistics Threshold
calibrationInfit Outfit

From ‘not at all’ to
‘severely’ limited, all
with ‘none due to
eyesight’

664 50 -1.68 1.43 1.10

Slightly limited and
Some due to
eyesight

283 21 -1.08 0.98 0.62 -0.97

Somewhat limited
and Some due to
eyesight/Slightly
limited and Half due
to eyesight

83 6 -0.75 0.69 0.53 -0.46

Moderately limited
and Some due to
eyesight/Slightly
limited and Most
due to eyesight

42 3 -0.54 0.89 0.51 -0.34

Severely limited
and Some due to
eyesight/Somewhat
limited and Half due
to eyesight

69 5 -0.40 1.22 0.63 -0.27

Somewhat limited
and Most due to
eyesight/Moderately
limited and Half due
to eyesight

49 4 -0.19 0.82 0.57 -0.14

Severely limited
and Half due to
eyesight/Somewhat
limited and All due
to eyesight

27 2 -0.06 1.38 1.99 -0.02

Moderately limited
and Most due to
eyesight

29 2 -0.03 1.27 1.38 0.06

Severely limited
and Most due to
eyesight/Moderately
limited and All due
to eyesight

56 4 0.19 1.23 1.19 0.17

Severely limited
and All due to
eyesight

34 3 0.38 2.46 2.87 0.54

MnSq = mean-square
Category count does not add up to 1930 because of missing data

Table 3. Category use statistics for 10-level Houston Vision Assessment Test rating scale
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Examination of the category probability
curve for part B in Figure 3 shows disor-
dered thresholds (that is, category 2 ‘half
due to eyesight’ does not have a range
along the scale where it is the most likely
category to be selected). As the evident
cause of response category dysfunction,
categories 2 and 3 were combined and the
following rescaling was adopted: 0 = 0;
1 = 1; 2 = 2; 3 = 2; 4 = 3. The four resul-
ting categories represent the following
options: 0 = ‘none due to eyesight’, 1 =
‘some due to eyesight’, 2 = ‘half or most
due to eyesight’, and 3 = ‘all due to eye-
sight’ (Table 5). Following category col-
lapsing, the curves were ordered with each
of the categories emerging as the most
likely used category (Figure 4).

Person separation
The person separation reliability was
below the acceptable level for the multi-

plicative rating scale (0.70, while the
minimum acceptable level is 0.80). For the
individual rating scales, person separation
reliability was acceptable (0.84) for part A
but sub-optimal (0.73) for part B.

Given the category collapse required in
the part B scale, we assessed the product of
the rating scale obtained by multiplying
the revised rating scale (part B) by part A.
The four new categories formed for part B
were multiplied by the original categories
of part A resulting in a nine-level rating
scale. The characteristics of this rating
scale were similar to the original multipli-
cative scale. Person separation reliability
was still below the acceptable level (0.74)
and there was a lot of disordering of cat-
egory thresholds. The potential to collapse
categories to repair the multiplicative scale
could not be undertaken because it is
unclear which categories should be com-
bined. As the critical aspect of Rasch analy-

sis, that is, the rating scale, could not be
fixed, further investigation of the psycho-
metric properties of the HVAT using
Rasch analysis was not undertaken.

DISCUSSION

Although the optimal number of rating
categories for questionnaires has been
explored, to the authors’ knowledge, no
research has tested the functioning of
a multiplicative rating scale, as used in
the HVAT, using Rasch analysis. This is
appropriate because any rating scale
must contain response options, which
progress in an ordered manner along the
scale under test; Rasch analysis easily
examines this. When subjected to Rasch
analysis the multiplicative rating scale of
the HVAT failed to meet the criteria for
a functioning rating scale. This is im-
portant because appropriately designed

Category
label

Category
count

Category
%

Average
measure

MnSq fit statistics Threshold
calibrationInfit Outfit

Part A

Not at all limited 679 47 -3.43 0.97 0.96
Slightly limited 435 30 -1.49 1.03 0.65 -2.15
Somewhat
limited

147 10 -0.35 1.01 1.03 -0.24

Moderately
limited

115 8 0.69 0.91 0.89 0.57

Severely limited 75 5 1.70 1.92 2.21 1.82

Part B

None due to
eyesight

175 19 -3.07 1.36 1.02

Some due to
eyesight

456 50 -1.27 0.87 0.78 -3.00

Half due to
eyesight

68 7 0.11 0.82 0.70 0.32

Most due to
eyesight

106 12 1.09 0.86 0.75 0.72

All due to
eyesight

102 11 2.25 1.30 1.47 1.91

MnSq = mean-square
Category count does not add up to 1930 because of missing data for both the parts A and B

Table 4. Category use statistics for the 5-level HVAT (parts A and B) rating scale
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rating scales form the basis for data col-
lection and flaws at this level are carried
through all stages of data analysis. Dis-
ordered thresholds suggested that the
HVAT was unable to distinguish partici-
pants’ abilities to the degree suggested by
the rating scale. Disordering of thresh-
olds was supported by the category
probability curve and the close location
(less than 1.4 logits) of the thresholds.

This called for collapsing of adjacent cat-
egories and data re-analysis. While cat-
egories could be collapsed for part B, the
ability of HVAT to differentiate partici-
pants (that is, person separation reliabil-
ity) remained low. Due to overcrowding
of the categories in the multiplicative
rating scales, no logical combining of cat-
egories was evident. Therefore, repair was
not possible.

The Rasch methodology used in the
present study provided several useful indi-
cators to investigate rating scale categorisa-
tion. Fundamental concerns regarding a
questionnaire include whether or not it
has a validly functioning rating scale
and whether the number of response
categories is optimal.21,48 Although polyto-
mous response formats do offer more
information than dichotomous response
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Figure 1. Category probability curves for all intermediate cat-
egories (red represents from ‘Not at all to Severely limited, all
with None due to eyesight’, blue represents ‘Slightly limited and
Some due to eyesight’, pink represents ‘Somewhat limited and
Some due to eyesight/Slightly limited and Half due to eyesight’,
black represents ‘Moderately limited and Some due to
eyesight/Slightly limited and Most due to eyesight’, green rep-
resents ‘Severely limited and Some due to eyesight/Somewhat
limited and Half due to eyesight’, aqua represents ‘Somewhat
limited and Most due to eyesight/Moderately limited and Half
due to eyesight’, light blue represents ‘Severely limited and
Half due to eyesight/Somewhat limited and All due to eye-
sight’, light pink represents ‘Moderately limited and Most due
to eyesight’, brown represents ‘Severely limited and Most due
to eyesight/Moderately limited and All due to eyesight’, purple
represents ‘Severely limited and All due to eyesight’). There are
disordered thresholds for all except the two extreme catego-
ries. None of the intermediate categories emerged as the most
likely category to be chosen for a given part of the scale. Thus
the probability of observing these categories is lower than the
probability of observing the extreme categories, whatever the
participant’s location along the scale.

Measure relative to item difficulty

C
at

eg
or

y 
pr

ob
ab

ili
ty

-10         -8          -6         -4            -2          0            2           4           6           8          10
0

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Figure 2. Category probability curves demonstrating ordered
thresholds for part A of the rating scale showing that it func-
tions, although response category three is not the most likely
category to be chosen for most of the visual impairment scale.
Red represents ‘not at all limited’, blue represents ‘slightly
limited’, pink represents ‘somewhat limited’, grey represents
‘moderately limited’ and green represents ‘severely limited’.
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Figure 3. Category probability curves (red represents ‘none
due to eyesight’, blue represents ‘some due to eyesight’, pink
represents ‘half due to eyesight’, grey represents ‘most due to
eyesight’ and green represents ‘all due to eyesight’) showing
disordered thresholds. The response category ‘half due to
eyesight’ does not have a range along the scale, where it is the
most likely category to be selected. Therefore, it is less likely
to be endorsed by the participants and is used interchangeably
with the category ‘most due to eyesight’.
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Figure 4. Following the collapse of categories in Figure 3,
category probability curve thresholds become ordered for
part B of the rating scale. Red represents ‘none due to eye-
sight’, blue represents ‘some due to eyesight’, pink represents
‘half or most due to eyesight’ and grey represents ‘all due to
eyesight’.

Category
label

Category
count

Category
%

Average
measure

MnSq fit statistics Threshold
calibrationInfit Outfit

None due to
eyesight

175 19 -3.67 1.18 1.09

Some due to
eyesight

456 50 -1.43 0.83 0.74 -3.41

Half/Most due to
eyesight

174 19 1.17 0.76 0.71 0.60

All due to
eyesight

102 11 3.18 1.40 1.60 2.81

MnSq = mean-square
Category count does not add up to 1930 because of missing data

Table 5. Category statistics for the four-level HVAT (part B) rating scale
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options, beyond a certain number the
options can be confusing. Indeed, it has
been shown that measurement precision
tends not to be assisted by more than five
categories.49,50 In current practice, most
questionnaires in health care, including
those in optometry and ophthalmology,
generally contain four or five Likert-style
categories that assess a single attribute.
With higher numbers of response catego-
ries, the likelihood of response categories
being indistinguishable increases and this
compromises the validity of the ratings.
The HVAT has essentially five categories
for each of parts A and B for every item and
both parts address the same item, albeit in
different aspects. Consequently, there are
10 categories for each pair of items and this
would be too many for the respondents to
distinguish, so the rating scale dysfunction
perhaps was expected.

The fundamental problem with the
large number of categories is significant
under-utilisation of some categories.
Stable threshold estimations require a suf-
ficient number (at least 10) of responses
per category.41 Increasing the number of
categories in the anticipation of finer dis-
crimination between responses appears to
be counter-productive.40 Under-utilisation
of categories appears to be a frequently
encountered problem in visual impair-
ment questionnaires that use many rating
categories.46 In our assessment of the
various combinations of rating scale
formats of the HVAT, the responses were
skewed to the lower categories (more than
60 per cent of responses were in the lowest
two categories) indicating little impair-
ment. This is most likely due to the partici-
pants having quite good visual acuity, as is
evident from Table 2; however, this does
not indicate that the participants did not
have difficulty with day-to-day activities
because they were drawn from the cata-
ract surgery waiting list, where the key
indicator for cataract surgery is the pre-
sence of visual impairment arising from
cataract.51–53 In previous studies,25,54–57

these participants have been reported to
have a visual impairment. Furthermore,
while most of our participants used the
lower end of the response categories, we
also had participants, who used the higher

response categories. As mentioned above,
our aim was not a comprehensive evalua-
tion of the HVAT, rather we were inter-
ested in examining the design of its rating
scale using Rasch analysis. For this
purpose, our data appear satisfactory.

This study examining the functioning of
the rating scales of the HVAT indicated
the invalidity of these scales. This calls into
question previous studies that have used
the HVAT.13 Results of the present study
also suggest that if the aim is to measure
both visual and physical impairments, it
would be more appropriate to have a sepa-
rate questionnaire, or at least a separate
question, to assess each concept. This
approach would treat each concept as a
separate variable, as has been done in
the use of AI11,12 and VDQ.13 The results
of this study must also be considered to
call into question other instruments that
use multiplicative rating scales, such as
the MacDQoL, the RetDQoL and the
ADDQoL.58–60

Compared with some of the legacy ques-
tionnaires that were developed using CTT
and were subsequently re-examined using
Rasch analysis,46,61 the recent question-
naires have been developed using Rasch
analysis to circumvent the need for later
re-validation.62–64 Among the limitations of
CTT are the use of values of internal con-
sistency to select the final set of items in a
questionnaire, which might lead to retain-
ing redundant items and thereby reducing
the ability of the questionnaire to differ-
entiate between the strata of partici-
pants.65 This might explain, in part, the
reason for the poor performance of the
HVAT in terms of inadequate person sepa-
ration reliability.

In conclusion, this analysis using HVAT
as an illustrative example demonstrates
that rating scale design is an important
consideration when choosing question-
naires for health-care research. The HVAT
does not meet the criteria for optimal
functioning of the rating scale and it is
hoped that researchers who are new to the
field of questionnaire research will con-
sider the issues that need to be avoided as
well as considered in designing rating
scales for their questionnaires. The
problem could be avoided simply by

choosing a rating scale that directly asks
patients to rate their visual impairment.
Several good Rasch-scaled questionnaires
exist for this purpose.55,57,66
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