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Seeing the Light in Self-Reported

Glare

Elisha Johnston', Steven P. Reise’®, Karen L. Spritzer’®, and Ron D. Hays®

"Department of Molecular, Cellular, and Developmental Biology, University of California, Los Angeles, CA, USA

2Department of Psychology, University of California, Los Angeles, CA, USA

3Division of General Internal Medicine and Health Services Research (GIM-HSR), Department of Medicine,

University of California, Los Angeles, CA, USA

Abstract: We conducted a secondary analysis to evaluate two glare items versus a composite score from the two items in a sample of
544 patients (38% women; Mdn = 29 years old; 13% high school education or less) before and after eye surgery. The first question was from a
National Eye Institute (NEI) survey and the second question included a definition and picture of glare. At baseline, 28% of participants reported
glare on the NEI item versus 39% on the question with the definition and picture. There was 76% agreement between the two questions
(K = .46). Three months after baseline, there was no change in the percentage of participants who reported glare on the NEI question (27%),
but a significant decrease in participants reporting glare on the question with the definition and picture (38% at baseline to 256% 3 months
later). A 2-item glare scale was more reliable and highly correlated with multi-item measures of halos and starbursts than the individual items.
Change in the scale was more strongly associated than the items with the change in satisfaction with vision and with satisfaction with surgery.

The scale may provide a better indicator of glare than either item alone.

Keywords: glare, single-item measures, self-report, reliability

Multi-item scales are used in survey research to enhance
the reliability of measurement (Hoeppner et al, 2011;
Matthews et al., 2022). Internal consistency reliability (o)
provides information about the associations among differ-
ent items in a multi-item scale and increases with the num-
ber of items when correlations among the items are positive
(Cronbach, 1951). That is, a = (k x P)/(1 + (k — 1) x Py,
where k is the number of items and P; is the intraclass
correlation. A reliability of .70 is a minimum threshold for
group-level comparisons while .90 is used for individual-
level assessment (Nunnally, 1978). Reliability is a necessary
but not sufficient condition for valid measurement - the
degree to which evidence supports the proposed use of a
measure. Evidence for validity includes the extent to which
associations of scores from the measure with other vari-
ables are consistent with hypotheses (American Educa-
tional Research Association et al., 2014).

Respondent burden and cost of administration increase
with the number of items administered and the incremental
value of additional items varies by the breadth of the con-
cept being measured. Allen and colleagues (2022) noted
that a single-item measure can be sufficient, particularly
when the construct is unambiguous or narrow in scope.
Robins and colleagues (2001) showed that a single-item
measure of self-esteem performed like the 10-item Rosen-
berg Self-Esteem Scale. Similarly, West and colleagues
(2012) demonstrated that single items perform similarly
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to the Maslach Burnout Inventory long-form measures of
emotional exhaustion and depersonalization in terms of
associations with suicidality, serious thoughts of dropping
out of medical school, endorsing dishonest behavior, dis-
agreeing with an altruistic attitude, and perceived major
medical error.

Measuring ocular symptoms such as glare is important in
evaluating conditions such as near-sightedness, cataracts,
or macular degeneration (Cui et al., 2021). The brightness
acuity test (BAT) has been used to evaluate disability glare
in clinical practice, but the BAT does not reflect day-to-day
experience with glare (Aslam et al., 2007). Researchers
have often used single self-report items to assess glare
(Chiam et al., 2006; Hiring et al., 2001; Paz et al., 2013;
Vingolo et al., 2007).

Multi-item scales have also been used to assess glare.
The 4-item daily vision glare scale asks about difficulty
driving at night with oncoming headlights, seeing faces
across the street in bright sunlight, reading numbers on
the television, and playing cards using five response options
(do not do the activity because of vision problems; extremely
difficult; moderately difficult; a little difficult; not difficult at
all). The internal consistency reliability of this daily vision
glare scale was only .63 (Valbuena et al., 1999). The 2-item
National Eye Institute (NEI) Refractive Error Quality of Life
glare scale asks if one has experienced glare in the last
7 days and how often when one is around bright lights at
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night you see starbursts or halos that bother you or make it
difficult to see. Test-retest (median of 16 days between
assessments) reliability for this 2-item scale was only .64
(Hays et al., 2003). In summary, prior work indicates note-
worthy challenges in the measurement of glare.

Because of the limitations of existing measures of glare,
investigators on the Patient-Reported Outcomes with Laser
in situ keratomileusis surgery study (PROWL) developed a
new item: “In the last 7 days, have you noticed any glare?”.
To standardize the meaning of glare to respondents, the
new question included a definition and a picture depicting
glare (see Figure 1). For comparison to previous work, the
PROWL investigators also included the NEI glare item:
“Have you experienced glare in the last 7 days?” (Hays
et al., 2003). Given the similarity in wording of the NEI
and the new PROWL item, one might expect to find consis-
tent answers to these questions.

We compare responses to these two self-report items to
examine if using one item to assess glare from the patient’s
perspective provides similar information to that of the com-
posite score created from both items. In doing so, we
address three research questions:

Research Question 1 (RQI1): What is the association
between two similarly worded self-report items
assessing the same construct?

Research Question 2 (RQ2): How much more reliable
is the 2-item glare scale than the individual items?

Research Question 3 (RQ3): Does the 2-item scale corre-
late more strongly than the single-item with multi-item
indicators of glare, satisfaction with vision, ocular sur-
face disease, and satisfaction with surgery?

Methods

Design

This is a secondary analysis of two similar items adminis-
tered to patients with myopia, hyperopia, or astigmatism
(Hays et al.,, 2017). Patients planning to undergo LASIK
surgery were screened and enrolled by investigators at sev-
eral sites: San Diego and Stanford, California; Indianapolis,
Indiana; Overland Park, Kansas; Baltimore, Maryland; and
Sioux Falls, South Dakota. Sites performed the LASIK
procedure and postoperative care based on the clinical
judgment of the surgeons. The PROWL study is registered
at Clinicaltrials.gov (NCT0152629 and NCT01655420).

A total of 564 adults were recruited for the PROWL
study: 252 active-duty US Navy service personnel and 312
adult civilians. Survey data were available for 544 individu-
als at baseline (96% of those enrolled in the study): 68%
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White, 10% Asian, 6% Black, 11% Hispanic, and 5% other;
38% women; Mdn = 29 years old (range 21-57); 13% high
school education or less. Data were available at baseline
(before surgery) and 1 month later for 495 patients (88%
of those enrolled) and 3 months later for 480 patients
(85% of those enrolled). Data collection began in August
2011 and was completed on June 27, 2014.

Questionnaires were self-administered via the Web. Data
collection with civilians was conducted under the US Food
and Drug Administration Research Involving Human Sub-
jects Committee, a central Institutional Review Board
(IRB) for some sites, and university IRBs for others. The
protocol for data collection with the military personnel
was approved by the Naval Medical Center San Diego
IRB in compliance with all applicable federal regulations
governing the protection of human participants. All partici-
pants provided written as well as oral informed consent.

Glare Items

As noted above, the study included the NEI item: “Have
you experienced glare in the last 7 days?” (Yes/No). It was
the 33rd question on the 161-item baseline (preoperative)
questionnaire. In addition, a second question was included
(see Figure 1): “In the last 7 days, have you noticed any
glare?” (Yes, but only when not wearing glasses or contact
lenses/Yes, but only when wearing glasses or contact lenses/
Yes, when wearing and when not wearing glasses or contact
lenses/No, not at all). This second question was the 50th
question on the baseline questionnaire.

Self-Report Measures Included to Assess
Construct Validity

Halos and starbursts are examples of glare, and the study
administered an 8-item halos scale and an 8-item starbursts
scale (see: https://www.fda.gov/media/101491/download).
The 8-item scales are scored on a 0-100 possible range
with a higher score being better (fewer symptoms). Internal
consistency reliability was .97 for both scales (Hays et al.,
2017). The study also included the 8-item Ocular Surface
Disease Index (Schiffman, 2000) that assesses whether
one experiences eyes that are sensitive to light, eyes that
feel gritty, painful, or sore, blurred vision, and poor vision.
Internal consistency reliability for the index was .91 in a
clinical trial of 571 adults with blepharitis (Hosseini et al.,
2018). Also included was an item assessing satisfaction with
vision and an 8-item satisfaction with surgery scale, both
scored on a 0-100 possible range with higher scores
indicating more satisfaction. The satisfaction with vision
item had a test-retest (Mdn = 11 days) reliability of .67 while
the satisfaction with surgery scale had an internal consis-
tency reliability of .90 (Hays et al., 2017).
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be more or less severe than what is shown.

INSTRUCTIONS: The next few questions are about glare. By glare, we mean difficulty
seeing well when there are bright lights like headlights or sunlight, such as shown in the
images below. These images may not represent exactly what you see and your symptoms may

No glare

L1 No, not at all

In the last 7 days, have you noticed any glare?
[J Yes, but ONLY when NOT wearing glasses or contact lenses
[J Yes, but ONLY when wearing glasses or contact lenses

L] Yes, when wearing AND when not wearing glasses or contact lenses

» Severe glare

Figure 1. Glare question that includes a picture.

We hypothesized that reports of glare would be positively
associated with the halos and starbursts scales at baseline
and that increases in glare from baseline to the 1-month
and 3-month follow-ups would be negatively correlated
with satisfaction with vision and the satisfaction with sur-
gery scale.

Analysis Plan

Research Question 1: Association Between the Two
Glare Questions

Because the NEI item is dichotomous, we collapsed the first
three options for the second glare question (i.e., “picture”
item) into a single yes category to make it comparable to
the NEI glare item. We report the percentage of patients
reporting glare on each item, the percentage agreement,

© 2023 Hogrefe Publishing

product-moment correlations between the items, and the
kappa coefficient of agreement (Cohen, 1960) between
the items at the baseline of the study. In addition, we com-
pare changes in glare for each item from baseline to
1 month and 3 months later.

Research Question 2: Estimated Reliability of Glare
Questions and 2-Item Glare Scale

We examine mean scores on the halos and starburst scales
for all possible combinations of responses to the two glare
items: (1) No on both; (2) Yes on question 1 only, (3) Yes
on question 2 only, and (4) Yes on both questions. Then,
we estimate the internal consistency reliability of the 2-item
simple summated glare scale. To estimate the reliability of
the single items, we apply the Spearman-Brown (Clark,
1935) prophecy formula: n x o/(1 + (n — 1)a), where n is
1/k, and k is the number of items in the scale (i.e., n = 1/2).

European Journal of Psychological Assessment (2023)
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We also estimate test-retest reliability over a mean of
11 days for a random subsample of 50 individuals with pro-
duct-moment correlations. To reflect any mean change, we
also estimate intraclass correlations using the two-way ran-
dom effects model: N (MSpetween — MSwithin)/ (N MSpetween +
MSiime — MSyithin)-

Research Question 3: Associations of Glare Items
and Scale With Other Variables

We estimate Spearman rank-order correlations of the
2-item glare scale with the halos and starburst scales and
with the Ocular Surface Disease Index. Then, we report
product-moment correlations of change in the two glare
items and change in the 2-item glare scale with change in
satisfaction with vision and satisfaction with surgery at
the two follow-ups. We evaluate differences in correlations
using Steiger’s (1980) z-statistic.

Results

Research Question 1: Association Between
the Two Glare Questions

Study Baseline
As shown in Table 1, fewer of the 544 patients reported
glare in the last 7 days on the NEI item (28%) than on

0.4

03

0.25

0.2

Proportion Reporting Glare

0.15

0.05

Baseline 1 Month Later

Figure 2. Reported glare at the three-time points for two survey items.
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Table 1. Cross-tabulation of two questions about glare

(1) Have you experienced
glare in the last 7 days?

(2) In the last 7 days have

you noticed any glare? No Yes Total
No 297 35 332
Yes 97 115 212 (39%)
Total 394 150 (28%) 544

Note. Question 1 is NEI-RQL item and question 2 is an item that includes a
picture. Bold entries represent agreement between responses to the 2 items.

the picture glare item (39%) at the baseline of the study.
There was 76% agreement between the two dichotomously
scored questions, r = .48, and K = .46, indicating “fair”
(Fleiss, 1981) or “moderate” (Landis & Koch, 1977) agree-
ment. This level of agreement was less than one might
expect for two similarly worded items.

One Month and Three Months Change in Self-
Reported Glare

Figure 2 shows patterns of self-reported glare over time for
those with data at baseline (before surgery), 1 month later
(n = 495), and 3 months later (n = 480). Note that glare
at baseline was one percentage point lower for the subset
with longitudinal data than for the slightly larger baseline
sample noted above. Among those with data at both time
points, there was a significant increase in reported glare

wme NE| item

icture item

3 Months Later
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Table 2. Means scores on satisfaction with current vision item, halos, and starbursts by combination of responses to two glare items

No for both glare questions

Halos 90° 69° 63°° 56°
Starbursts 852 57° 60° 53°

Yes for Question 1 only Yes for Question 2 only Yes for both glare questions

Note. Question 1: Have you experienced glare in the last 7 days? Question 2: In the last 7 days have you noticed any glare? The 8-item halos and 8-item
starbursts scales are scored on a 0-100 possible range with a higher score being better (fewer symptoms). ANOVA F-statistic = 74.73 (p < .0001) for halos
and 60.47 (p < .0001) for starbursts. Means in a row that share a superscript letter do not differ significantly from one another on Duncan’s multiple range
test.

Table 3. Product-moment correlations (p-values) of change in glare items and glare scale with change in satisfaction with vision and satisfaction

with surgery

Month 1 - Baseline Month 1 Month 3 - Baseline Month 3
Satisfaction with vision Satisfaction with surgery Satisfaction with vision Satisfaction with surgery
Change in NEI item —.14 (.0025) —.20 (<.0001) —.25 (<.0001) —.31 (<.0001)
Change in picture item —.18 (<.0001) —.22 (<.0001) —.18 (<.0001) —.23 (<.0001)
Change in 2-item glare scale —.19 (<.0001) —.25 (<.0001) —.25 (<.0001) —.31 (<.0001)

Note. Listwise deletion of cases n = 460. Satisfaction with vision is a single item. Satisfaction with surgery is an 8-item scale. Both are scored on a 0-100

possible range, with 100 representing more satisfaction.

from 27% at baseline to 42% at the 1-month follow-up on
the NEI question (¢(494) = 5.50, p < .0001) but reported
glare on the picture question did not change significantly
(38-34%; t(494) = —1.72, p = .0874). Three months later
compared to baseline, there was no significant change for
the NEI question (27% at both time points, £(479) = 0.25,
p =.8049), but there was a significant decrease in reported
glare on the picture question from 38% at baseline to 25%
3 months later (#(479) = —5.01, p < .0001). These results
suggest inconsistent conclusions about the change in glare
over time.

The percentage of those reporting glare on either or both
items was: 45% at baseline, 51% at 1 month post-baseline,
and 33% at 3 months post-baseline. The increase in glare
reported on either item from baseline to 1 month later
was almost significant (£(491) = 1.94, p = .0531) and the
decrease from baseline to 3 months later was significant
(t(460) = —3.96, p < .0001).

Research Question 2: Estimated Reliability
of Glare Questions and 2-Item Glare Scale

Table 2 presents mean 0-100 scores for the halos and star-
bursts scales by the four cells that fully represent possible
responses to the two glare questions: (1) “no” on both
(n = 297), (2) “yes” on question 1 only (n = 35), (3) “yes”
on question 2 only (1 = 97), and (4) “yes” on both questions
(n = 115). Halos and starbursts mean scale scores were not
significantly different for answers of yes to only one of the
glare questions, providing support for simple-summated
scoring of the 2-item glare scale: O = no glare reported for
both items, 1 = glare reported on one of the items, and 2 = glare
reported on both items.

© 2023 Hogrefe Publishing

Internal consistency reliability was .64 at both baseline
and 1 month later. Using the Spearman-Brown formula,
the estimated reliability for a single item, P; = 0.48. Pro-
duct-moment (intraclass) test-retest correlations were r =
.55 (P; = 0.52) for the NEI item, » = .54 (P; = 0.54) for
the pictured item, and » = .61 (P; = 0.61) for the 2-item glare
scale. These reliability estimates, all below the .70 mini-
mum reliability threshold for group-level comparisons
(Nunnally, 1978), provide further evidence of unique infor-
mation in responses to the two glare items.

Research Question 3: Associations of
Glare Items and Scale With Other
Variables

Spearman correlations of the NEI item, picture item, and
the 2-item scale, respectively were ry = —.39, —.50, and
—.53 with the 8-item halos scale, r, = —.39, —.43, and
—.49 with the 8-item starbursts scale, and ry = .34, .37,
and .42 with the Ocular Surface Disease Index. Product-
moment correlations were similar and showed consistent
differences in the magnitude of the associations.
Product-moment correlations of the two single items and
the 2-item glare scale with change in satisfaction with vision
and the 8-item satisfaction with vision scale are provided in
Table 3. Change from baseline to the 1-month follow-up in
the 2-item glare scale was significantly more strongly asso-
ciated than change in the NEI item with change in satisfac-
tion with vision (2(457) = 2.03, p = .042) and satisfaction
with surgery at 1 month (2(457) = 2.16, p = .030). Change
from baseline to the 3-month follow-up in the 2-item glare
scale was significantly more strongly associated than was the
change in the picture item with change in satisfaction with

European Journal of Psychological Assessment (2023)
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vision and satisfaction with surgery at 3 months (2(457)
= 2.81, p = .005 and 2(457) = 3.56, p < .001, respectively).

Discussion

The NEI and the picture glare items correlate as highly with
one another (P; = .48) as items in many multi-item scales.
The 2-item glare scale had an internal consistency reliability
of .64. A 3-item scale with the same intraclass correlation
would have an internal consistency reliability of .73.

The prevalence of glare reported at baseline on the NEI
item was much lower than glare reported on the picture
item, but the proportion of study participants reporting
glare 1 month later on the NEI item increased. In contrast,
the amount of glare 1 month later for the picture item was
not significantly different than the level reported at the
baseline of the study. The proportion of people with these
symptoms also did not change from baseline to 1 month
later (Hays et al., 2017). The use of definitions and pictures
could account for the similar lack of significant change for
these measures from baseline to 1 month later. Change
from baseline to 3 months later also differed for the two
items. The estimate of glare for the NEI item was not sig-
nificantly different from the baseline, but the glare was
reported to be significantly less common on the picture
item 3 months after surgery compared to the baseline.

Which way of asking about glare should be used in the
future? Further investigation (e.g., cognitive interviews)
could shed light on differences in reports for these two glare
items. However, responses to the two items in this study
suggest that reporting glare on both items is more indicative
of glare than reporting glare on only one of the items.
Hence, the 2-item glare scale represents three levels of
increasing glare:

e No glare reported on either item.
e Glare reported on one of the items.
e Glare reported on both items.

Use of this 2-item scale is a better option than either glare
item alone because it is more reliable and more strongly
associated with multi-item scales assessing similar con-
structs (halos, starbursts, ocular surface disease) at baseline,
and with change in satisfaction with vision and change in
satisfaction with surgery at the 1-month follow-up. The trend
toward an increase in glare 1 month after and a decrease
3 months after LASIK based on reporting glare on either
item is consistent with a study of 185 patients before and
four months after surgical correction of myopic refractive
error that used the same NEI item (McDonnell et al., 2003).

How does this study contribute to the literature on the
use of single versus multiple items to assess a construct?

European Journal of Psychological Assessment (2023)

The fact that single items can adequately represent some
concepts for some applications (Allen et al., 2022; Robins
et al., 2001; West et al,, 2012) is the underpinning of
short-form measures (Hays et al., 1991; Ware & Sher-
bourne, 1992). Within the limits of the reliability of the full
item set, a subset of items can be selected that yields what-
ever target level of reliability is desired for a particular
application. For scales that represent narrow concepts, the
items will tend to be more highly correlated, and the true
score may be estimated accurately with fewer items. In
addition, it is possible for a multi-item scale to have a single
item that is very highly associated with the scale total and
to perform like the full-length scale. The lower response
burden makes parsimonious measures desirable when they
retain the psychometric strengths of longer measures. How-
ever, the equivalence of scores produced from single versus
multiple items needs to be demonstrated and tradeoffs
carefully considered in different circumstances.

Limitations and Strengths

This secondary analysis has some limitations. The data
were limited to surveys administered in English. In addi-
tion, it is unclear how well the results generalize to other
samples and contexts. There was also some attrition of
study participants over time, as is the case in any longitudi-
nal study. However, the study had multiple strengths. For
example, the use of pictures to depict glare for the second
item represents the state of the science for assessing visual
symptoms. In addition, collecting data over three time
points provided information about changes in reported
symptoms associated with the LASIK intervention.

Conclusions

With respect to the more general question of how much is
lost when using single rather than multiple items, this study
suggests some added value in using two self-report items
rather than one item in assessing a complex symptom.
The NEI item relies on the respondent’s own definition of
glare. In contrast, the second item uses a definition and pic-
ture to help standardize what is meant by glare. The items
yielded conflicting information about changes in glare asso-
ciated with LASIK surgery. The NEI item indicated an
increase in glare 1 month after surgery, but no change
3 months later compared to baseline. The picture item indi-
cated a significant decrease in glare 3 months after surgery.
The use of both items can lead to greater reliability and
higher accuracy of estimation of glare than either item
alone. The percentage of those reporting glare on either
or both items was: 45% at baseline, 51% at 1-month post-
baseline, and 33% at 3-month post-baseline.
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While the results indicate potential benefits for using the
NEI and picture glare items together, further investigations
are needed to provide additional information about the two
items. Results may not generalize to other contexts. Results
may differ for other measures. The clearer and narrower
the concept, the more likely it is that a single item will be
sufficient to assess it.
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