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Activities of Daily Vision Scale: What Do the

Subscales Measure?

Vijaya K. Gothwal,"* Thomas A. Wright," Ecosse L. Lamoureux,

Purposte. Previous Rasch analysis of the Activities of Daily
Vision Scale (ADVS) did not address psychometric properties
of its subscales or provide detailed assessment of dimensional-
ity (whether the ADVS measures one or multiple constructs).
This study was designed to examine these properties.

MErHODS. Two hundred thirty-two participants (mean age, 74.2
years) awaiting cataract surgery self-administered the ADVS.
Rasch analysis was used to assess the ADVS and its five sub-
scales for unidimensionality (by principal components analysis,
[PCA]), precision by person separation (discrimination be-
tween strata of participant ability), and targeting (matching of
item difficulty to participant ability). Adequate person separa-
tion (minimum acceptable value, 2.0) is the fundamental re-
quirement for measurement.

Resurts. Only the near vision subscale had adequate measure-
ment properties (person separation, 2.30). The entire ADVS
showed a misfit to the Rasch model and lacked unidimension-
ality. PCA confirmed the presence of two additional traits—
driving and glare disability— but neither possessed adequate
person separation when assessed individually. Deleting these
traits restored unidimensionality, but additional items misfit,
necessitating item reduction. Finally, an eight-item ADVS-Near
Vision Scale showed good fit and unidimensionality. Its con-
tents were identical with the original near vision subscale.
Targeting was suboptimal (2.30 logits).

Concrusions. Only one subscale, near vision, met the criteria
for measurement. The revised eight-item ADVS-Near Vision
subscale is a unidimensional measure of visual disability in
cataract patients with mild visual disability. However, it is
limited by measurement of near visual ability only. For more
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comprehensive measurement of visual disability, other ques-
tionnaires such as Catquest-9SF are preferable for cataract sur-
gery outcomes assessment. (Invest Ophbthalmol Vis Sci. 2010;
51:694 -700) DOI:10.1167/i0vs.09-3448

he Activities of Daily Vision Scale (ADVS) was developed as

a self-report instrument in patients with cataract to assess
the need for surgery, as well as the outcomes after surgery."?
In the earlier investigation of the psychometric properties of
the ADVS using Rasch analysis on a relatively small sample of
43 patients with cataract, Pesudovs et al.> proposed a reduced
15-item version, albeit with misfitting items and poor targeting.
However, such suboptimal properties do not meet the stan-
dards of a good measure. Furthermore, certain components of
the ADVS have not been addressed so far in the literature.
These include measurement properties of the subscales, assess-
ment of dimensionality (whether the questionnaire taps a sin-
gle latent construct or a number of constructs), and differential
item functioning (DIF) that tests whether items perform con-
sistently across population subgroups.

Subscales were included in the ADVS to provide a compre-
hensive assessment of activities that affect a typical cataract
patient. The psychometric properties of subscales need to be
assessed individually because performance of the overall ques-
tionnaire cannot infer adequate functioning of its subscales.
Measurement precision (as determined by person separation
with a minimum acceptable value of 2.0) is an important
property of subscales, because subscales usually contain a
small number of items that will limit the potential person
separation. Unidimensionality (that the questionnaire taps a
single latent construct) is a prerequisite for generating a sum-
mary score.*~® The presence of multiple subscales in the ADVS
intended to capture different aspects of visual disability (e.g.,
glare, driving) may cause multidimensionality and therefore
should be investigated. Previous Rasch analysis of the ADVS
used fit statistics to examine the dimensionality. However,
recent studies suggest that fit statistics alone are inadequate for
determining unidimensionality and recommend performing
principal components analysis (PCA) of the residuals for more
detailed evidence of dimensionality (see the Methods section
for further explanation of PCA).” "> Another key attribute
required in a measure is the absence of differential item func-
tioning (DIF). DIF occurs when different subgroups of partic-
ipants (e.g., sex, age), despite equal levels of underlying trait
(visual disability in the case of ADVS), respond differently to a
given item.'*'> For example, in the ADVS, if men and women
scored differently on the item playing cards, this item would
be said to be displaying sex-related DIF.

Furthermore, simplified conversion from raw to Rasch
scaled scores were not provided in the earlier Rasch analysis of
the ADVS. Such conversions, if made available would circum-
vent the need to perform Rasch analysis, enabling researchers
to use the scoring benefits of the analysis. Similar conversion
algorithms have been developed for other questionnaires re-
validated by Rasch analysis.'®~'®

Given the above limitations of the earlier Rasch analysis of
the ADVS, we set out to provide a more comprehensive anal-
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TasBLE 1. Sociodemographics of the Study Population for ADVS

ADVS Subscale Analysis

Characteristic n (%) or Mean = SD
Age,y 742+ 9.6
Sex
Male 105 (45.3)
Female 127 (54.7)

Distance visual acuity, habitual

Surgical eye LogMAR (Snellen)

Range

Fellow Eye LogMAR (Snellen)
Range

Binocular LogMAR (Snellen)

Range

0.48 * 0.30 (20/6371%)
—0.10 to 1.60 (20/16 to
hand movements)
0.30 = 0.31 (20/40)
—0.26 to 2.00 (20/10 %t
to light perception)
0.22 = 0.19 (20/327 ')
—0.26 to 0.90 (20/10 2§

to 20/160)

Awaiting second-eye surgery 93 (42.3)
Ocular comorbidity||

Present 106 (46.5)

Absent 122 (53.5)
Systemic comorbidity{

Present 171 (85.9)

Absent 28 (14.1)

n = 232.

* Participant read the 20/63 line completely and one extra letter from the next, smaller line.

T Participant missed two letters in the 20/10 line.
f Participant missed one letter in the 20/32 line.
§ Participant missed two letters in the 20/10 line.

[l Includes glaucoma, diabetic retinopathy, and age-related macular degeneration; data were missing in
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four cases.

9 Includes diabetes, hypertension, and angina, and data were missing in 33 cases.

ysis via the following three steps: First, apply the analysis to
investigate the measurement properties of the native subscales
of the ADVS in an Australian cataract population; second,
assess the dimensionality of the entire ADVS, specifically using
PCA of residuals and determine whether more appropriate
subscales could be formed. If we found that the ADVS was not
unidimensional, then we considered re-engineering to create a
unidimensional scale; third, provide ready-to-use spread sheets
that convert raw scores to Rasch-scaled scores for the ADVS as
a whole and for its valid subscales.

METHODS

Activities of Daily Vision Scale

The 22 items (20 activities) of the ADVS are categorized into five
subscales: night driving, daytime driving, distance vision activities that
do not include driving (far vision), near vision activities, and glare
disability.® Three items contribute to two different subscales and there-
fore are included in both the subscales; thus the total number of items
across subscales is 25. The questionnaire responses were organized
and assigned ordinal values, as recommended by the developers.?

Study Population

Participants were patients with cataract attending the Flinders Medical
Centre, Adelaide, South Australia. They were mailed the ADVS ques-
tionnaire for self-administration while on the waiting list (average
waiting period, 3-4 months) for cataract extraction. The question-
naires were returned via a self-addressed, prepaid envelope.
Included patients were 18 years of age or older, were English-
speaking, and had no severe cognitive impairment. Approval of the
ethics of the protocol was obtained, and all patients who agreed to
participate signed a consent form. The study was conducted in accor-
dance with the tenets of the Declaration of Helsinki. We included
patients with coexisting ocular and systemic comorbidities, as exclu-
sion may provide an inaccurate picture of the elderly cataract popula-

tion in Australia.'® Characteristics of participants who completed the
ADVS are shown in Table 1.

Clinical Assessment

Routine clinical assessments were performed by an ophthalmic team,
and cataract was established as the principal cause for visual disability
in each patient. All assessments were performed before cataract ex-
traction. Habitual visual acuity was measured by using computerized
testing based on logMAR principles with screen illumination of 150
cd/m?. All assessments were performed monocularly and binocularly.

Rasch Analysis
The data were analyzed with Winsteps software (ver. 3.68)*°
Andrich rating scale model for polytomous data.*"

In the first step, we assessed the response categories and the
thresholds.®?! The threshold represents the intersection between any
two adjacent categories (i.e., between 1 and 2, 2 and 3, and so on)
where the probability of either category being chosen is equal. In the
ADVS, there are four thresholds for five categories of each item. We
used category probability curves (CPCs) to examine the ordering of
thresholds graphically. Thresholds should demonstrate an order from
most to least difficult category, but disordering can occur. Disordered
thresholds suggest that the response categories are not efficient in
discriminating between two ability levels; that is, participants with
more ability could respond with the same category as another partic-
ipant with lower ability. Disordering occurs because participants have
difficulty discriminating between response categories. We reorganized
the categories that showed disordered thresholds by combining certain
categories. Once the response categories were found to perform as
intended, we performed further Rasch analyses.

Measurement precision was assessed in terms of person separation,
which gives an estimate of the spread or separation of persons by strata
or groups along the measurement construct.®** The minimum accept-
able separation is 2.0, and this enables the distinction of three strata
(for example, mild, moderate, and severe visual disability).

using the
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Rasch fit statistics in combination with PCA of residuals were used
to test the dimensionality of the ADVS and each subscale.”® As the
Rasch model is probabilistic, some amount of deviation in scores is
expected. This deviation in expected versus observed scores is cap-
tured by fit statistics (i.e., infit mean square, or MnSq).>* The ideal
value of Infit MnSq is 1.0 (indicates no deviation). In accordance with
the literature, an infit MnSq between 0.7 and 1.3 was an indicator of
acceptable fit. Items outside this range were considered misfits.>! In
essence, this range permitted observations to contain up to 30% less or
more variation than predicted by the model. Misfitting items were
removed iteratively (i.e., one at a time) starting with the most misfit-
ting, until all remaining items fit the model.?> Furthermore, when items
fit the model’s expectations, the residuals*® (observed minus expected
scores) should be randomly distributed, with all meaningful variance in
the data accounted for by the Rasch dimension of item difficulty-
person ability. In practice, however, some interitem correlations typ-
ically remain; PCA describes the additional factors that may be ex-
tracted from the data.®'" If 60% or more of the variance is accounted
for by the principal component, then there is a low likelihood of
additional components being present.”” The first contrast in the resid-
uals reveals whether there are any patterns within the variance unex-
plained by the principal component to suggest that a second trait is
being measured. We used the criterion of an eigenvalue of >2.0 for the
first contrast, which indicates that the contrast has the strength of at
least two items to be sufficient evidence of a second construct, as this
is greater than the magnitude seen with random data.*’

In the present study, we performed PCA, an assessment for misfit-
ting items. Thus, the iterative method to remove items that did not fit
the model is different from the earlier Rasch analysis of the ADVS. We
used this approach because items can misfit for several reasons, in-
cluding poorly constructed wording. Fit statistics identify only items
that misfit, not misfitting items that group to form additional con-
structs, so fit statistics alone are not as informative of multidimension-
ality as PCA. When PCA is performed first, it helps to more clearly
identify additional construct(s) if they are present in the overall scale.

An ideal scale should function in the same way regardless of which
group is assessed. DIF occurs when given the same level of the latent trait,
the difficulty levels of items vary systematically based on sample charac-
teristics, such as age and sex. The variables for DIF analysis, selected a
priori, included age (<76 years vs. =76 years, median age, 76), sex,
cataract status (first eye versus second eye surgery), systemic comorbidity
and ocular comorbidity (present versus absent). Testing for DIF can occur
based on either significance or magnitude. Because significance testing is
highly sample-size dependent, we prefer testing for DIF magnitude.®®
Therefore, in the present study, we defined DIF based on magnitude:
insignificant DIF as <<0.50 logit, mild (but probably inconsequential) as
between 0.50 and 1.00 logit, and notable as >1.00 logit.*

For a well-targeted instrument (i.e., item difficulty matched with
participant ability), there would be no ceiling or floor effects in the
person-item map.*>®*' Consequently, mistargeting implies lower per-
son separation, leading to inability to differentiate between partici-
pants along the latent trait.>* The person-item map illustrates targeting
and further helps to identify gaps and redundancies in the item distri-
bution. Appropriate items can then be added to fill the gaps, and
redundant items can perhaps be deleted.

Adequate person separation constituted the minimum acceptable
measurement properties of the Rasch models for the subscales and the
entire ADVS to be termed a measure. If the subscales could not be
repaired, full analysis of dimensionality using PCA was not performed.

Rasch analysis was conducted in two phases: assessment of perfor-
mance of the subscales in phase I, and investigation of dimensionality
of the entire ADVS to determine whether more appropriate subscales
could be developed in phase II. Descriptive statistics were analyzed
with commercial software (SPSS software ver. 15.0; SPSS, Chicago, IL).

RESULTS

Of 478 questionnaires mailed, 232 were returned, providing an
overall response rate of 48.5%.
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FIGURE 1. Rasch model category probability curves for all items to-

gether in the ADVS showing the likelihood that a participant with a
particular visual disability will select a category. The scale (x-axis) from
—6 to +10 symbolizes the latent trait of visual disability, with severity
of level of difficulty increasing toward the right. The y-axis represents
the probability of category being selected. Response categories: 1,
unable; 2, extremely difficult; 3, moderately difficult; 4, a little difficult;
5, not at all difficult. For any given point along this scale, the category
most likely to be chosen by a participant is shown by the category
curve with the highest probability. At no point was category 2 the most
likely to be chosen, resulting in disordered thresholds.

Phase I: Assessment of the Native Subscales

Assessment of Response Categories of the ADVS. Par-
ticipants did not use the response categories as intended. The
response categories were intended to cover a range of visual
disability, whereby each category should be the most likely to
be chosen for part of this range representing stepwise increase
in severity. However, this was not the case. Figure 1 shows the
category probability curves, which illustrate the range of visual
disability for which each of the five response categories were
most likely to be chosen. Category 2, extremely difficult is not
the most likely category to be endorsed at any level of visual
disability. This is described as disordered thresholds, because
the threshold between categories 1 and 2 lay to the right
(instead of the left) of the threshold between categories 2 and
3. Therefore, we combined category 2 with category 3 to form
a new category (a lot of difficulty) and thus reduced the
number of categories from five to four and ordered all thresh-
olds.

Analyses of Subscales. Only one (near vision) of the five
subscales possessed acceptable measurement properties (Ta-
ble 2). The main problem was lack of person separation, which
could not be remediated without the addition of items. How-
ever, addition of items is beyond the scope of the present
study. The results of further analyses of the near vision subscale
are presented in the next section.

Near Vision. Person separation was satisfactory (Table 2).
One item misfit and was deleted, after which the remaining
eight items fit the model; person separation continued to
remain satisfactory, but targeting worsened by 0.26 logits.
Mistargeting was evidenced by a mean participant ability of
2.30 logits. This result indicates that the participants had visual
abilities that extended well beyond what could be captured by
the items (Fig. 2). However, on visual inspection of the person-
item map (Fig. 2), it is not readily apparent that some of the
more able participants would be targeted by item thresholds.
Each item has sublevels of difficulty and can be performed
without difficulty, with a little difficulty, a lot of (moderate or
extreme) difficulty, or cannot be performed at all, and each
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TABLE 2. Performance of the Subscales of the ADVS

Subscales

Far Near Glare Night Day
Parameter Vision Vision Disability Driving Driving
Items, n 6 9 3 4 3
Misfitting
items, n 0 1 0 0 0
Person
separation 1.62 2.30 0 1.89 1.39
Mean item
location 0 0 0 0 0
Mean
person
location 0.71 1.40 0.28 1.37 1.92
Principal
components
analysis,
eigenvalue — 2.0 — — —

level feeds into measurement. Thus, an eight-item near vision
subscale can represent 4 X 8 separate levels of difficulty.
Nevertheless, in this case, targeting was suboptimal. PCA of the
residuals showed that the variance explained by the measures
was 68.0%, and the unexplained variance explained by the first
contrast was 2.0 eigenvalue units. There were no significant
additional contrasts. Only one item showed DIF by sex. Males
rated the item read ingredients on cans of food 0.60 logits
easier relative to other tasks than did their female counterparts
(Table 3).

Phase II: Assessment of the Dimensionality of the
Entire ADVS

The person separation was good (>2.0), the targeting was
reasonable, and two items misfit (Table 4). PCA of the residuals
showed that the variance explained by the measures (57.2%)
was less than ideal, and the unexplained variance explained by
the first and second contrasts was 2.5 and 2.1 eigenvalue units
respectively (Table 4). Four items loaded (correlation, >0.4)
positively onto the first contrast and belonged to night and
daytime driving (two items each). Four items loaded (correla-
tion, >0.4) positively onto the second contrast and belonged
to glare disability (2 items), far vision, and daytime driving (1
item each). Seven (31.8%) items showed DIF by sex and age
(Table 5). Taken together, these findings indicate that the
ADVS was not unidimensional. The items measuring different
traits had to be removed. Therefore, items from these contrasts
were deleted to restore unidimensionality. After deletion, 14
items, predominantly related to near vision, remained as the
core of the ADVS, which had adequate person separation and
was unidimensional by PCA.

However, item misfit existed in the 14-item core scale and
a few iterations were necessary to optimize its performance.
Six misfitting items were removed, one at a time, starting with
the most misfitting item. After this, the remaining eight items
fit the Rasch model. These items were identical with that of the
eight-item near vision subscale and therefore shared the same
psychometric properties. Henceforth, this reduced version is
referred to as the ADVS-Near Vision Scale. There was no role
for any of the originally proposed subscales in this reduced
version.

As noted in the introduction, the previous Rasch analysis of
the ADVS proposed a 15-item version (although not ideal due
to retention of misfitting items). The authors had used a differ-
ent iterative method (using fit statistics only) to delete items
that did not fit the model. In the present study, we conducted
PCA first, followed by removal of misfitting items. However, to
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be consistent with the earlier study, we also tried eliminating
misfitting items in the first step followed by PCA. The results,
however, were the same. Therefore, we determined that there
was only one solution to measurement with the ADVS—an
eight-item Near Vision Scale.

Instead of discarding the items from the two contrasts
found in the PCA, we investigated whether these items could
be used to form separate subscales with valid measurement
properties. Person separation was inadequate for both the
scales (1.49 and 1.35). Thus, the decision to delete these items
was appropriate.

Criterion Validity

The correlation between mean participant ability and visual
acuity in the worse eye (i.e., eye to be operated on) was not
significant (» = —0.03, P = 0.71). However, low, but statisti-

PERSONS - MAP - ITEMS

< more able > | < more difficult >

to perform

7 ##H##HRHRAAAAE +

read food can_Q13bc

###4# |S read newspapers_Q11bc
1 H####  +  read medicine bottles_Q12bc

# use a ruler, yardstick or tape measure_Q16bc

# use a screwdriver_Q17bc

play cards_Q19 bc
S write checks_Q14bc

-2 + prepare meals_Q18bc

< less able >|< less difficult >
to perform

FIGURE 2. Person-item map for the eight-item ADVS-Near Vision scale
(n = 232) in cataract assessment. Vertical line: the measure of the
visual disability variable, in logit units. Participants appear in ascending
order of ability (on the Zeft side of the map), whereas the items appear
in ascending order of difficulty (on the right side of the map). Along-
side each item, its number is indicated, as in the 22-item original ADVS.
Item names have been abbreviated to fit the space; the correct descrip-
tion of items can be found in Mangione et al.> Each #, two participants;
each dot, one to three participants; M, mean; S, 1 SD from the mean;
T, 2 SD from the mean. By convention, the mean item difficulty is set
at 0 logits (indicated with M). Accordingly, mean visual ability of
participants is indicated with M.
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TABLE 3. Items Showing Differential Item Functioning in All the Five Subscales of the ADVS

Demographic Variable

Item Sex Age

Ocular
Comorbidity

Systemic

Cataract Status Comorbidity

Walk down steps without
handrails or help in
dim light

Use public transportation — Oldert (0.97)

Walk down steps without — —
handrails or help
during day light

Watch television

Read ingredients on cans
of food

See peoples’ faces from —
across the street

Drive in unfamiliar areas — —

Males* (0.90)

Females* (0.87) —
Malest (0.60) —

Older§ (0.78)

Youngert (0.57)

Awaiting surgery in first — —
eyet (0.65)

— Withoutt (0.97) —

— Witht (0.89) —

With|| (1.10)

All values are in logits (i.e., log of odds ratio or the log-odds of the level of difficulty of an item relative to the difficulty of the total set of items
analyzed) and the listed subgroup rated these items as easier relative to other tasks by the amount of logits indicated in parentheses.

* Night driving.

1 Far vision subscale.
f Near vision subscale.
§ Glare disability.

| Day driving

cally significant, correlation was obtained between mean par-
ticipant ability and visual acuity in the better eye (r = —0.20,
P =0.0D.

Conversion of Raw Scores to Rasch Measure

Ideally, users of the revised versions of the ADVS should per-
form Rasch analysis on their own data, as populations may
vary. However, for those who wish to use the scoring benefits
of Rasch analysis (but may not be familiar with the process),
we have developed ready-to-use spread sheets for conversion
of raw scores to Rasch-scaled scores for the ADVS-Near Vision
Scale. These sheets can be obtained by contacting the corre-
sponding author or can be downloaded as Supplementary
Material at [INSERT URL]. However, we caution that these
conversions can be applied only if the sample is similar to that
of the present study.

DIScUSSION

The first goal was to determine whether the five proposed
subscales of the ADVS possess the properties of a measure.
Only one subscale (near vision) fulfilled the criteria. Among the
desirable features of an optimally functioning instrument in-
clude an ability to discriminate as many strata or groups of
participant ability as possible, simulating the gradations on a
ruler; the finer the gradations, the better the measurement
properties.'”3! The four dysfunctional subscales (far vision,

glare, and daytime and night driving) lacked adequate discrim-
inative ability, in that they could distinguish only between two
strata (i.e., able versus unable) of participant ability. Given that
person separation is sample dependent, the finding of dysfunc-
tional subscales is therefore only applicable in similar popula-
tions. Therefore, subscales should be tested in other popula-
tions. Assuming that this sample is typical of a cataract
population in the developed world, the likelihood of finding
adequately performing subscales would be low. Other instru-
ments, such as the Impact of Vision Impairment (IVI) question-
naire, which were revalidated by Rasch analysis in a similar
cataract population, have optimal functioning subscales due to
a sufficient number of well-targeted items.'®

The second goal was to assess the dimensionality of the
ADVS, specifically using the PCA of residuals. This analysis
revealed that the ADVS was not unidimensional, thereby, in-
validating the use of an overall or summary score.’”” The PCA
of residuals indicated the presence of two additional dimen-
sions: driving and glare disability. This finding suggested that
the ADVS was measuring more than one trait, violating one of
the essential requirements for measurement: unidimensional-
ity. Other researchers have also expressed concerns about
items related to driving (and mobility) that do not fit the core
set of items.>>? Item misfit also confirmed the lack of unidi-
mensionality of the ADVS. However, the finding of item misfit
is not novel. Earlier Rasch analysis of the ADVS by Pesudovs et
al.’? also showed misfitting items, along with the presence of

TABLE 4. Overall Performance of the Original and Revised Versions of the ADVS

Phase I Original

Phase II Revised Version

Versions ADVS (ADVS: Near Vision)

Items, n 22 8

Misfitting items, n 2 0

Person separation 3.00 2.32
Reliability 0.90 0.84

Mean item location 0 0

Mean person location 0.90 1.66
Principal components analysis, eigenvalue 2.5 (first contrast 2.0

2.1 (second contrast)
Number of valid subscales 1 0
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TABLE 5. Items Showing Differential Item Functioning in Entire (Native Version) ADVS

Demographic Variable

Item Sex

Ocular
Comorbidity

Cataract
Age Status

Systemic
Comorbidity

Drive at night
Walk down steps without handrails or

Men (0.59)

help in daylight Men (1.24)
Walk down steps without handrails or
help in dim light Men (1.01)

Watch television

Thread a needle without using threading
device

See peoples’ faces from across the street

Women (0.51)

Women (0.57)

Younger (0.61) — — —

Older (1.02) — — —

All values are in logits (i.e., log of odds ratio or the log-odds of the level of difficulty of an item relative to the difficulty of the total set of items
analyzed) and the listed subgroup rated these items as easier relative to other tasks by the amount of logits indicated in the parentheses. There was
no differential item functioning by cataract status or by systemic or ocular comorbidity.

two chief dimensions (driving and reading). This analysis, how-
ever, lacked comprehensive assessment of dimensionality us-
ing PCA.?> The presence of misfitting items in this study indi-
cates that the items in the ADVS were not clearly understood,
or were measuring some other trait, and therefore added noise
(inaccuracy) to the measurement scale.>>>>> Finally, the exis-
tence of notable DIF further established that the ADVS was not
unidimensional. The DIF was notable by age and sex for three
items. Consequently, comparison of scores for these different
participant groups may not be appropriate. Although the rea-
son for DIF of these items is not entirely clear, one explanation
for DIF by age, may be that older participants were influenced
by physical limitations due to age or comorbidity, so that it was
more difficult to perform activities such as walking down steps
without handrails or help in dim light, compared with their
younger counterparts.

The lack of unidimensionality calls into question the validity
of the native ADVS. Reestablishing unidimensionality is vital to
optimizing the properties of the ADVS. Unidimensionality was
restored by deleting items from the contrasts found in the PCA
and items that misfit. This process resulted in the formation of
an eight-item ADVS-Near Vision Scale which was identical with
that of the reduced version of the near vision subscale in the
ADVS. Unlike the earlier Rasch analysis of the ADVS which
used only 43 patients, the larger sample size in the present
study helped to estimate item difficulty more precisely, en-
abling the determination of a satisfactory solution. Thus, the
total score generated from the ADVS—Near Vision scale is valid
with interval level properties. Therefore, its scores can be
managed by using parametric statistics where required (i.e.,
comparison of preoperative and postoperative data).

The ADVS-Near Vision scale is not without limitations. First,
it can effectively measure near visual ability, but not other areas
of visual ability. Its limited scope is a shortcoming, as it mea-
sures only a subset of the visual disability issues facing the
cataract patient. Second, targeting was poor in this preopera-
tive cohort, and one could speculate that targeting would only
get worse after surgery as a result of the improved visual
functioning expected after cataract surgery. The poor targeting
would cause a ceiling effect to the measurement which would
cause underestimation of the real change that occurs with
surgery.'®>° Mistargeting indicates that the items of the ADVS
were too easy for the visual abilities of the participants. This
finding means that the population either did not have visual
disability or that the questions that formulate the ADVS repre-
sent tasks that are relatively easy, and our population had visual
disability on the more difficult tasks. We argue that it is the
latter, because at our center, visual disability is the indication
for cataract surgery; no patients are listed for cataract surgery

unless they report visual disability. However, patients may
have visual difficulties with personally relevant tasks @.e.,
threading a needle) that are not included in the ADVS. Thus,
the activities in the ADVS that were included when it was
developed almost two decades ago appear unsuitable for the
current patient with cataract who is undergoing surgery in
Australia, where there has been a considerable lowering of the
threshold for cataract surgery in the past few years.>*>”

Except for the Catquest-9SF,*® nonlinearity (i.e., ceiling and
floor) effects are common in the visual function questionnaires
examined with Rasch analysis, which may result in underesti-
mation of the clinical improvements for the participants with
mild visual disability.'®'73® Results of the present study indi-
cated that ADVS could be refined by enriching the upper
extreme of the scale with more difficult items such as those
requiring fine resolution. Although new items can be gener-
ated and added to legacy instruments such as the ADVS, this
approach requires revalidation in a new population. Revalida-
tion is possible, but a comparatively superior strategy would be
formation of item banks and computer adaptive testing
(CAT).>*~#! Item banks contain Rasch-calibrated items pooled
from different questionnaires that can be administered to par-
ticipants by a computerized algorithm that targets the ability of
the participant according to his or her response (CAT). Such a
strategy would help eliminate the limitation of poor targeting.
Furthermore, a relatively smaller number of items would be
needed to specifically target a given participant, with the
resultant effect of reduced participant burden. Item banking
and CAT have been created and used in other areas of health
assessment.*>#3 Results such as those seen in the present study
suggest that the ophthalmic community should be engaged in
the development of such an item bank.

In conclusion, the new, reduced version of the ADVS is
unidimensional, essentially measuring near visual ability. With
superior measurement properties, the ADVS-Near Vision Scale
can be used in place of the original ADVS in patients with
cataract as they present today in the developed world. Its
brevity may make clinical application easier, but it is limited by
measuring only one aspect of visual disability. The ADVS is still
in use,** and this is appropriate if only measuring near visual
disability is required. However, if measurements of other as-
pects of visual disability are desired, for instance, scoring of
overall visual disability, then questionnaires such as the
Catquest-9SF?° are more appropriate. Similarly, if a measure of
emotional well-being is required, then the IVI questionnaire is
a better choice.'® Therefore, these results highlight the need
for researchers to determine the content under measurement
before selecting questionnaires.
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