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Abstract

Purpose—The aim of this study was to evaluate different approaches to scoring the NEI VFQ-25
in patients with low vision including: scoring by the standard method, by Rasch analysis, and by
use of an algorithm created by Massof to approximate Rasch person measure. Subscale validity
and use of a seven-item short form instrument proposed by Ryan et al were also investigated.

Methods—NEI VFQ-25 data from 50 patients with low vision were analyzed using the standard
method of summing Likert-type scores and calculating an overall average, Rasch analysis using
Winsteps software, and the Massof algorithm in Excel. Correlations between scores were
calculated. Rasch person separation reliability and other indicators were calculated to determine
the validity of the subscales and of the seven-item instrument.

Results—Scores calculated using all three methods were highly correlated, but evidence of floor
and ceiling effects was found with the standard scoring method. None of the subscales
investigated proved valid. The seven-item instrument showed acceptable person separation
reliability and good targeting and item performance.

Conclusions—Though standard scores and Rasch scores are highly correlated, Rasch analysis
has the advantages of eliminating floor and ceiling effects and producing interval-scaled data. The
Massof algorithm for approximation of the Rasch person measure performed well in this group of
low vision patients. The validity of the subscales VFQ-25 should be reconsidered.
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The NEI VFQ-251 is the most widely used instrument for the assessment of vision-related
quality of life. It has been used in many large-scale studies, most frequently using the
scoring method published with the original instrument.2=2 The original published scoring
method involves assigning an integer value to the subject's responses, summing those
values, and then generating a composite score between 0 and 100 that is meant to be a
measure of the subject's visual ability. The published scoring methods also allow for groups
of items to be scored as subscales that are intended to be used as an indicator of ability in
specific areas such as near visual tasks or distance visual tasks.

This published scoring method has been criticized because it does not produce interval-
scaled estimates of visual ability.10 Standard scoring of Likert-style scale data assumes that
each rating category (e.g. little difficulty) has the same value across all items, and the
difference between each category is exactly the same. Use of a composite score and
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statistical analyses that assume interval, rather than ordinal, scaled data is not a valid method
for analyzing subject response data,10-11

Several authors have advocated the use of Rasch analysis for producing interval-scaled
estimates of visual ability from Likert scale data.12-15 Rasch analysis uses subjects'
responses to the items of an instrument to produce person measures meant to serve as an
indicator of visual ability for each subject and item measures which are indicators of the
difficulty of each item.11 Other important indicators of instrument performance are
generated including person separation reliability—nhigher values representing better ability
to discriminate among subjects. Values of at least 0.8 are considered acceptable.16

The need for dedicated software, which is not always intuitive, to analyze survey data with
Rasch analysis may deter some researchers. Massof recently published a scoring algorithm
that allows for the approximation of the person measure produced by Rasch analysis of VFQ
scores for patients with low vision without the use of specialized software.1” This algorithm
is meant to make the use of interval-scaled scoring of VFQ data easier and more accessible.
The approximation should be quite useful to investigators who have small sample sizes and
would not be able to obtain reliable estimates with standard Rasch analysis software, and
also to clinicians and researchers who would want to obtain person measure estimates as
data are being collected.

Subsets of items on the NEI VFQ-25 have been used to create shorter instruments. For
example, Ryan et al proposed the use of a seven-item version of the NEI VFQ-25 for use in
the evaluation of low vision rehabilitation programs.1® They selected seven items previously
demonstrated to be responsive to clinical low vision rehabilitation programs,1® performed
Rasch analysis on the responses of 490 subjects to the instrument, and concluded that the
instrument was adequate for use as an outcome measure for vision rehabilitation. Likewise,
the developers of the NEI VFQ-25 specified a number of subscales, each of which is a
subset of items that are grouped and scored separately. These subscales are intended to serve
as an indicator of more specific aspects of visual function. For instance, there is a distance
vision subscale and near vision subscale. The near vision subscale includes item numbers
five, six, and seven. Appendix items A3, A4, and A5 are also labeled as near vision subscale
items. Each of these items was included in 51-item instrument from which the VFQ-25 was
derived, as well as in the 39-item instrument.20 There has been interest recently in
evaluating whether these subscales are valid. O'Connor et al found that, of the five subscales
that had enough items to perform Rasch analysis, none of the NEI VFQ-25 subscales were
valid in a low vision population.2!

The Massof algorithm was developed using data from a large group of patients with low
vision but has not, to the authors' knowledge, been used to analyze NEI VFQ-25 scores in
any other published studies involving other groups of patients with low vision. The primary
aim of the present study was to test the Massof algorithm in an independent group of
patients with low vision and compare the measures generated to those produced using
dedicated Rasch analysis software, as well as to show the results of both scoring methods
compared to the standard scoring method. Generally, authors present NEI VFQ-25 data
using either the standard method or Rasch analysis, but not both. This is understandable, but
it may leave the reader wondering where the similarities and differences in the two
approaches may occur. We used the Massof algorithm, Rasch analysis software, and
standard composite scoring approaches in a sample of patients with low vision and present
the data in a way that allows for comparison of the methods. A secondary aim was to
evaluate the Rasch person separation reliability of the seven-item version of the instrument
and the near vision and distance vision subscales in this group of patients with low vision.
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Methods
Subjects

Data from previous studies of low vision rehabilitation programs in which the NEI VFQ-25
was administered to patients with low vision were analyzed for the present study?2,
Institutional Review Board approval was obtained for the original studies and for the present
study. Data from 50 patients who had previously given their informed consent were
analyzed. The age of patients ranged from 60 to 89 years. Visual acuity ranged from 20/40
to 20/525.

Analysis of 24-Item Instrument and Massof Algorithm

The set of items from the NEI VFQ-25 that was analyzed comprised 24 items that were both
available from previous studies and also included in the paper describing the Massof
algorithm.1” Appendix items A4, A5, A6, and A8 were available and included in the
analysis. Items that that did not deal with visual function (1, 3, 4, and 19) and items that did
not have five response categories (2, Al, and A2) were excluded from the analysis. Table 1
contains a list of items included in each subset of NEI VFQ-25 items that was analyzed.

Three methods of scoring the 24 items were used. These were:
» the standard method recommended by the developers of the NEI VFQ-25
» Rasch analysis using WINSTEPS software
» the Massof algorithm to approximate Rasch analysis

The standard method for scoring the instrument requires that a score from 0 to 100 is
assigned to the numerical response for each item, with 0 being the lowest possible score and
100 being the highest.X To generate a composite score, the scores for each individual item
are averaged so that a score ranging from 0 to 100 was produced.

WINSTEPS software was used to calculate Rasch measures. Numerical responses for each
item were recoded so that O was assigned as the lowest possible response and 4 as the
highest. The ranking of response categories was reversed when necessary so that lower
scores always represented lower levels of visual functioning. The software was used to
calculate person measures and item measures for each subject and item, respectively.

Instructions for using the Massof algorithm and a sample Excel spreadsheet are included in
the original paper by Massof.1” Subject responses for each item are input into a spreadsheet
which contains item measures that were generated with Rasch analysis by Massof using a
large sample of patients with low vision. The spreadsheet also contains average functional
reserve values that were generated from the same sample of patients with low vision and
coefficients for an inverse hyperbolic tangent function for dealing with floor and ceiling
effects.

It should be noted that care must be taken to assign the average functional reserve values in
the proper order. Users must be careful that the ranking of response categories for all items
is such that the most negative responses correspond to the most negative average functional
reserve value in the Excel spreadsheet for the algorithm and so on for the rest of the
response categories.

Analysis of Seven-ltem VFQ

The seven-item instrument described by Ryan et al contains items 5, 6, 8, 14, A3, A4, and
A8 from the NEI VFQ-25. Targeting, person separation, and item performance were
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evaluated for these items using Rasch analysis. As recommended by the Ryan et al 18, the
categories “no difficulty at all” and “a little difficulty” were combined into a single category
for the analyses.

Analysis of Subscales

In addition, performance of the near vision and distance vision subscales was investigated
using Rasch analysis. The person separation index value and person separation reliability
were used to evaluate the appropriateness of use of this subscale. One cause for concern
regarding the use of subsets of items from a larger instrument which contain only a few
items is that the reliability of the measurements will be low.23 Since participants in this
study had responded to all three near subscale appendix items in addition to the standard 25-
item instrument, we analyzed the near subscale data in two ways — as a three-item subscale
composed of only the near items contained in the standard 25-item instrument (5, 6, and 7),
and as a six-item subscale which also contained the three near appendix items (A3, A4, and
ADb). Our hypothesis was that the addition of the three appendix near vision items would
increase the person separation reliability for the subscale.

Rasch Analysis and Data Analysis

Results

WINSTEPS version 3.69 was used to perform Rasch analysis using the Andrich rating scale
model.24 Person and item separation reliability indices and Rasch fit statistics (item infit
mean squares) were used to examine measurement reliability and agreement of the
observations with the expectations of the Rasch model. Principal components analysis
(PCA) of the residuals was performed to further investigate dimensionality. 11, 25
Differential item functioning (DIF) was evaluated by age (older or younger than the median
age) and gender with values greater than 0.5 logits considered significant.2> Instruments and
subscales were evaluated using the parameters proposed by Pesudovs et al. 16 Spearman
correlation coefficients were calculated to examine the relationship between the three
scoring methods of the 24-item instrument.

Table 2 contains results from Rasch analysis of instruments and subscales that were
evaluated. Person measures obtained from Rasch analysis for the 24-item instrument ranged
from -1.29 to +1.50 logits. Mean person measure was 0.13 logits. The mean value for item
infit mean squares was close to the model expectation of one for all instruments. The Massof
approximation person measures ranged from —1.20 to +1.00 logits. Mean person measure
approximation was —0.11 logits. Scores obtained with the standard VFQ-25 scoring
algorithm ranged from 19-85. Consistent with previous studies,2 several individual items
were found to misfit the Rasch model with item infit mean squares outside of the acceptable
range. These included items involving driving (15 and 16), finding items on a shelf (7), and
frustration with vision (21).

Scores for the 24-item instrument obtained using all three approaches were highly
correlated. The correlation between Rasch person measure and Massof approximation was
0.996. The correlation between Rasch person measure and NEI VFQ-25 standard score was
0.997. The calculated NEI VFQ-25 composite score is plotted against Rasch person measure
in Figure 1 along with the test characteristic curve produced by WINSTEPS, which shows
the expectations of the Rasch model. It is evident from the figure that the standard
composite score will underestimate the ability of the most visually able and overestimate the
ability of the least visually able. Person measures computed with the Massof algorithm are
plotted against Rasch person measures from WINSTEPS in Figure 2.
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Principal components analysis of residuals indicated a lack of unidimensionality, with only
42.8% of the variance accounted for by the principal component. Typically,
multidimensionality is considered likely when less than 60% of the variance is accounted for
by the principal component.2> Variance accounted for by the first contrast was 3.4
Eigenvalue units, with 2.9 units explained by the second contrast. Six items loaded
positively (>0.4) onto the first contrast and were related to: dependency [stay home because
of sight (20), rely too much on what others tell me (23), and need a lot of help (24)], social
function [visiting with people (13)], or mental health [less control over what you do (22) and
frustrated by sight (21)]. Three items loaded positively onto the second contrast and were
related to near tasks: bills (A4), shaving, styling hair, makeup (A5), and reading the
newspaper (5).

Two items demonstrated differential item functioning by age: seeing people reacting (11)
and driving at night (16), with logit values of 0.73 and 1.51, respectively. One item
displayed differential item functioning by gender: need a lot of help (24), with a logit value
of 0.53. Older participants rated items 11 and 16 as relatively easier than did younger
participants, while males rated item 24 as relatively easier than females.

The seven-item instrument was well-targeted, with an average person measure of —0.06.
Person separation reliability was 0.80, which was less than that of the 24 item set and
corresponds to the minimum acceptable value for person separation reliability. 16 Infit mean
squares for all seven items were between 0.7 and 1.3, suggesting no misfit of items. Person
separation reliability values for the near subscale, near subscale including appendix items,
and the distance subscale were all inadequate (Table 2).

Discussion

We have compared several approaches to scoring the NEI VFQ-25 in patients with low
vision. In comparing Rasch analysis, the standard scoring method, and the Massof algorithm
for approximating Rasch person measure, we found that all three methods are highly
correlated. The standard scoring method, in addition to requiring assumptions about interval
data that are incorrect, is subject to ceiling and floor effects. Both Rasch analysis person
measure and the Massof algorithm approximation of Rasch person measure allow for
theoretically sound analysis of VFQ data and are resistant to ceiling and floor effects.

Although Rasch analysis has been demonstrated in a number of published studies to be
preferable to the standard scoring method for NEI VFQ-25 datal?13: 26  the use of the
standard method remains quite common in the current literature. This is potentially
attributable to the fact that Rasch analysis software is required to convert the raw scores to
interval-scaled data. The software, while not particularly expensive or complicated, is not
widely used. The Massof algorithm, which requires only a simple spreadsheet program,
should be an effective tool for making the use of interval-scaled VFQ scoring more
widespread in low vision research. The extra time and effort required to convert raw scores
to interval-scaled is minimal. This study provides more evidence of the algorithm's
effectiveness in analyzing survey data from low vision patient populations.

We found the seven-item instrument of Ryan et al to be well-targeted to our patient group
and all seven items demonstrated acceptable fit statistics. Person separation reliability, a key
indicator of an instrument's ability to discriminate between persons of different abilities, was
less than that of the 24-item instrument but still acceptable. These findings indicate that this
short instrument may be useful in low vision research. It has the advantage of being quicker
to administer. Items contained in the seven item instrument chosen in part because they were
shown to be responsive to low vision rehabilitation by Stelmack et al.1® It should be noted
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that the instrument was not developed using Rasch analysis, which many would argue is a
superior way to develop new instruments.

In contrast, neither the near or distance subscales of the NEI VFQ-25 were found to be valid.
Inclusion of the three appendix items of the near vision subscale to form a six item subscale,
however, produced values of person separation reliability that were improved from the
three-item version and approached acceptable levels. Nonetheless, our findings are
consistent with those of O'Connor et al and Marella et al?1: 27 and suggest that the subscales
cannot be interpreted as valid measures.

Our analyses also suggest a problem with the unidimensionality of the NEI VFQ-25. Even
with a number of items removed from the analysis because they are not related to visual
functioning, principal components analysis of the Rasch residuals suggests that the
instrument tested is multidimensional. This is problematic because the use of a composite
score requires that only a single construct is being measured. The results of our principal
components analysis have much in common with those recently published by Marella et al
in that several of the items loading positively onto the first contrast are from the
“dependency” and “mental health” content area.2” In addition, our PCA also identified 3
near vision items loading onto a second contrast. Marella et al proposed treating the NEI
VFQ-25 as an instrument with two scales, “visual functioning” and “socioemotional”, to
deal with the issue of multidimensionality.

A limitation of this study is the relatively small sample size, which resulted in standard
errors of Rasch measurements that are larger than would be likely with a larger sample.
These larger standard errors are particularly evident in the analyses of the subscales and 7-
item VFQ, which contain fewer items (Table 2). The increased variability of the
measurements which results from the relatively small sample size limits the generalizability
of our results.

Some readers may look at the high correlation of standard scores with Raasch person
measures in Figure 1 and wonder whether Rasch analysis is necessary for the analysis of
VFQ scoring, but it should be noted that this is a best-case scenario in that items not
pertaining directly to visual functioning were excluded from this analysis. Many of the
benefits of Rasch analysis occur at the instrument development stage by enabling the
researcher to eliminate poorly fitting or redundant items so that all items on the final
instrument are measuring the same construct in an efficient and valid manner. Rasch
analysis may also increase the sensitivity of an instrument by enabling the researcher to
identify differences between populations that are not apparent using standard analysis.13
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Figure 1.

Standard NEI VFQ-25 score is plotted against the Rasch person measure in logits generated
using WINSTEPS. The solid line is the test characteristic curve from WINSTEPS, which
represents the Rasch model prediction of standard score for given person measures.
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Figure 2.
The approximation of Rasch person measure generated using the Massof algorithm is
plotted against Rasch person measure from WINSTEPS in logits.
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Table 1

Items included in each instrument or subscale analyzed.

Instrument (or Subscale)

NEI VFQ-25 Items Included

Massof algorithm (24 items used) ~ 5-18, 20-25, A4, A5, A6, A8

Seven-item instrument18

5,6, 8,14, A3, A4, A8

Near subscale

56,7

Near subscale with appendix items 5, 6, 7, A3, A4, A5

Distance subscale

8,9, 14
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