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Abstract

Purpose To translate, cross-culturally adapt and
validate the Computer Vision Syndrome Question-
naire (CVS-Q®) into Persian.

Methods This study was carried out in 2 phases:
(1) the CVS-Q® was translated and cross-culturally
adapted into Persian and (2) the validity and reliabil-
ity of CVS-Q FA® were assessed in a cross-sectional
validation study. An expert committee composed of
15 optometrists evaluated content validity (item-
level (I-CVI) and scale-level (S-CVI) content valid-
ity index were calculated). A pretest was performed
(n=20 participants) to verify the comprehensibility
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of the questionnaire. A total of 102 computer users
completed the final questionnaire. Criterion valid-
ity and diagnostic performance of the CVS-Q FA®
were assessed by calculating sensitivity, specificity
and receiver characteristic operator curve. Cronbach’s
alpha was calculated for the assessment of internal
consistency and 46 participants refilled the question-
naire for the second time and the interclass correla-
tion coefficient (ICC) and Cohen’s kappa (x) were
evaluated for test-retest reliability.

Results The translation and cross-cultural adapta-
tion process was performed successfully according
to accepted scientific recommendations without any
major difficulties. The I-CVI was above 0.80 for all
items (symptoms) except item 15 (feeling that sight
is worsening) and the S-CVI was 0.92. The CVS-Q
FA® showed good sensitivity (81.1%) and acceptable
specificity (69.2%). Also, it achieved good internal
consistency (Cronbach’s alpha=0.80) and test—retest
reliability (ICC=0.81 and k=0.65).

Conclusion The CVS-Q FA® was successfully
translated, cross-culturally adapted, and validated
into Persian. This study provides a valid and reliable
tool for the assessment of computer vision syndrome
among the Iranian working population.
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Abbreviations
VDT  Video display terminal
I-CVI Item-level content validity index

Introduction

In recent decades, the use of digital devices at the
workplace has increased significantly. Workers of
many occupations usually spend a large proportion of
a working day viewing digital screens and moreover
with the increase in teleworking due to the COVID-
19 disease. Visual demands for working with video
display terminals (VDTs) are usually higher than
working with conventional hard copy material, and
many VDT workers might experience a number of
eye- and vision-related symptoms, collectively called
computer vision syndrome (CVS) [1] or digital eye
strain (DES) [2]. These symptoms include eyestrain,
headache, dry eye, blurred vision, diplopia, burning,
itching, photophobia, among others [3].

It is estimated that CVS is a very common prob-
lem and affects millions of individuals worldwide
[2]. However, determining the exact prevalence of
this syndrome is challenging. A wide range has been
reported among VDT users by different authors
from 46.3% to 89.9% [4—8]. The main reason for this
considerable difference is variation in criteria and
methodologies used to diagnose sufferers [2]. When
reviewing the scientific literature, it is observed that
most of the published studies use non-validated ad
hoc questionnaires [2, 9]. In 2015, Segui et al. [10]
developed and validated the Computer Vision Syn-
drome Questionnaire (CVS-Q®) to evaluate visual
and ocular symptoms related to VDT use at work in
Spanish population. This questionnaire with good
psychometric properties is an acceptable tool to be
used both in clinical practice and clinical research
settings.

In recent years, the growth of Internet use in Iran
has been substantial as a developing county and it
is estimated that it has a large number of computer
and other digital device users. According to a recent
report by the Statistical Center of Iran, 36.8 million
(45.5%) of the total population were computer users
and 47.9 million (59.1%) were Internet users in 2017
and these figures had increased by 22% and 48.1%,
respectively, compared to 2010 [11].

@ Springer

Given the lack of a validated questionnaire in Per-
sian and in order to use CVS-Q® among the Iranian
working population, the objective of this study was
to carry out the process of translation, cross-cultural
adaptation and validation of CVS-Q® into Persian.

Methods

This study was carried out in 2 phases. In phase 1, the
CVS-Q® was translated and cross-culturally adapted
into Persian, and in phase 2, the validity and reliabil-
ity of the translated questionnaire were assessed in a
cross-sectional validation study (Fig. 1).

The CVS-Q° is a simple questionnaire whose
design was based on a review of the scientific lit-
erature. It was developed with a wide consensus
and acceptance among experts from different fields
(occupational health, preventive medicine and public
health, optometry and ophthalmology), and it was val-
idated through the performance of a pre-test, a pilot
test and a reassessment. Likewise, the questionnaire
obtained sensitivity and specificity values higher than
70%, good test-retest repeatability, as well as accept-
able psychometric properties derived from the Rasch
analysis. It is a self-administered questionnaire that
evaluates the frequency (never, occasionally and often
or always) and intensity (moderate or intense) of 16
ocular and visual symptoms related to VDT use. The
frequency and intensity data are recoded to calculate
the severity of each symptom, which results in a total
score. Total scores > 6 indicate that the subject suffers
CVS [10].

Translation and cross-cultural adaptation process

For phase 1 of this study, we followed the guidelines
developed by the Translation and Cultural Adaptation
group (TCA group) formed by the International Soci-
ety for Pharmacoeconomics and Outcomes Research
(ISPOR) to create standard guidelines for the transla-
tion and cross-cultural adaptation of patient-reported
outcome measures (PROMs) [12].

Preparation

The permission from the developers of the origi-
nal questionnaire was obtained, and they agree to
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participate in the whole process of this study (MMS,
ER). A preliminary protocol was shared with both of
them, and after a thorough discussion on design and
methods, we reached an agreement and the final pro-
tocol was obtained.

Forward translation

Two independent translations of the English ver-
sion of CVS-Q® into Persian were performed by two
native Iranian bilingual translators (Persian-English),

—

Review of backward translations ]

'

Cognitive debriefing and review

I

Proofreading and final report

'

[ CVS-Q FA®, Persian version

'

{Evaluation of content validity with a panel]

—

of experts (n=15)

!

[ Pretest (n=20) ]

!

Evaluation of criterion validity, diagnostic
performance, construct validity and internal
consistency (n=102)

'

[ Evaluation of test-retest reliability (n=46) ]

one familiar with the field of medical sciences and the
other without any prior knowledge of the field.

Reconciliation

Two translated versions in the previous step were
compared by Iranian members of the research team
(all three fluent in English) and with the help of a
third bilingual translator. All discrepancies were
discussed, and a reconciled Persian version was
generated.
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Back translation and review

The reconciled Persian version was independently
translated back into English by two bilingual transla-
tors who were unaware of the study objectives. The
translators neither had prior references to the original
questionnaire nor prior knowledge of the subject. This
step provided a quality control measure for our forward
translation step. These two back translations were com-
pared with the original version of the questionnaire by a
panel of experts composed of study investigators (both
Spanish and Iranian sides, experts in visual and public
health) to examine whether the same meaning can be
derived from the reconciled version and the original
questionnaire. After discussing discrepancies in the
translation of some parts of the questionnaire, revisions
were applied to the Persian translation and the next rec-
onciled version was obtained.

Harmonization

In this step, according to our guidelines, all new transla-
tions into other languages are compared with each other
and with the original version to ensure that all ver-
sions have the same conceptual equivalence. However,
because the versions of the CVS-Q® in other languages
have been translated from the original version (in Span-
ish), this step was not necessary.

Cognitive debriefing and review

To examine the comprehensibility of the translated ver-
sion, seven native Iranian VDT workers filled the ques-
tionnaire and were interviewed. They were selected so
that they adequately represented different sexes, ages
and educational levels. During the interview, they were
asked about the comprehensibility of different parts of
the questionnaire and some alternative terms that might
be more appropriate. Then, the review of cognitive
debriefing was discussed among study investigators and
some minor changes were applied to the questionnaire
and the final translation of CVS-Q® in Persian, CVS-Q
FAO (@,pnfolee pvonye wuolss Shassn)), was
obtained (Appendix 1).

Proofreading and final report

The CVS-Q FA® was checked carefully by one mem-
ber of the research team and also a proofreader to find
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any missing error including type, grammatical and
other errors. Eventually, a final report which included
the methods of translation and details of decision-
making about all parts and items of the questionnaire
was produced.

Validation process
Content validity

To assess the content validity of the questionnaire, 15
bilingual optometrists (Persian as the first and Eng-
lish as the second language) were invited to compose
a committee of experts. The members of this com-
mittee were chosen by snowball sampling and based
on their experience related to the subject. A written
assessment form was sent via email to the members
of the panel. Their qualitative viewpoint was obtained
on the instructions and items of the questionnaire. For
quantitative evaluation, content validators assessed
the clarity and relevancy of all 16 items [13]. Each
aspect was assessed by two separate four-point Likert
scales, one for relevancy (1 =not relevant, 2=some-
what relevant, 3 =quite relevant, 4 =highly relevant)
and the other for clarity (1 =not clear, 2=item need
some revision, 3=clear but need minor revision,
4=very clear), and then, item-level content validity
index (I-CVI) was calculated for each item. To do
this, the number of experts who rated the item with a
3 or 4 was divided by the total number of experts in
the panel. Also, scale level content validity (S-CVI)
was calculated by averaging the values of I-CVIs
obtained for relevancy. Items with an I-CVI>0.78
are considered acceptable while those with an
[-CVI<0.78 need revision [14]. The acceptable value
for S-CVI is considered 0.90 [14].

Pretest

Twenty VDT workers of both sexes and different ages
participated in the pretest stage to verify whether they
could understand the questionnaire with ease and in a
reasonable amount of time. Then, the items which at
least 15% of participants experienced difficulties were
considered for revision [15].
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Criterion validity and diagnostic performance
of CVS-Q FA®

To evaluate the criterion validity of CVS-Q FA® ide-
ally, a gold standard is needed which the instrument
can be compared with. But despite the fact that CVS
is a widely acknowledged syndrome by clinicians and
researchers, there is no gold standard for measuring
it. So we used the same criterion that was used by the
original developers of the questionnaire: "occurrence
of at least one symptom two or three times a week";
this criterion was a reference definition obtained from
a literature review [10]. Based on this definition, we
categorized participants into sufferers and non-suffer-
ers of CVS.

To determine the diagnostic performance of
CVS-Q FA® sensitivity, specificity of all possible
values of questionnaire scores was calculated and
receiver operator characteristic (ROC) curve was
plotted to find a cut-off point that would optimize
both sensitivity and specificity.

Construct validity of CVS-Q FA®

The aim is to determine whether the set of items
that constitute the CVS-Q FA® has a unidimen-
sional or a multidimensional structure. Mardia’s
test was performed to assess skewness and kurto-
sis on the assumption of multivariate normal dis-
tribution as it is a test with good power for medium
sizes [16, 17]. Bartlett’s test of sphericity and the
Kaiser-Meyer—Olkin (KMO) test were applied to
check for the possible existence of underlying factors
and the need for factor analysis. The optimal imple-
mentation of the parallel analysis was conducted to
determine the number of factors to retain [18], and
the polychoric matrix was used instead of the vari-
ance—covariance matrix because the CVS-Q FA®
is a Likert-type scale with fewer than five response
options [19]. A Principal Component Analysis was
carried out to determine the adequacy of the items
to the model and whether any of them should be
removed based on the Measure of Sampling Ade-
quacy (MSA) index. Values of MSA <0.50 suggest
that the item does not measure the same domain as
the remaining items in the pool, and so that it should
be removed [20]. Subsequently, an exploratory factor
analysis using the Robust Unweighted Least Squares
(RULS) method for factor extraction was carried out

because of its higher power at medium sample sizes
[21] and allows to carry out the Minimum Rank Fac-
tor Analysis (MRFA), which can discriminate the
explained common variance from the total common
variance and evaluate it separately [18]. The follow-
ing robust goodness of fit statistics were included to
assess the fit of the model: (1) Root Mean Square
Error of Approximation (RMSEA), considering as
admissible adjustment values <0.08, (2) Non-Normed
Fit Index (NNFI), values>0.85 would be adequate,
(3) Comparative Fit Index (CFI), values>0.95 would
be adequate, (4) Goodness of Fit Index (GFI), val-
ues >0.95 are indicators of a good model fit, (5) Root
Mean Square of Residuals (RMSR), using Kelley’s
criterion to estimate the reference value to considerer
an acceptable adjustment [22], (6) Weighted Root
Mean Square Residual (WRMR), values < 1.0 have
been recommended to represent good fit [23-27]. In
addition, the following indices were also considered
at the global level to determine dimensionality: (7)
Explained Common Variance (ECV) and (8) Mean of
Item residual absolute Loadings (MIREAL). A value
of ECV>0.85 and MIREAL <0.300 suggests that
data can be treated as essentially unidimensional [26].

Internal consistency

To evaluate internal consistency, Cronbach’s alpha
was calculated. A Cronbach’s alpha greater than 0.70
is considered to reflect good internal consistency [28].

Test—retest reliability

The two-way mixed effect, single-measure interclass
correlation coefficient (ICC) was used to evaluate the
test—retest reliability of the scores. ICC was inter-
preted as following classification based on 95% con-
fidence: <0.50 poor, 0.50-0.75 moderate, 0.75-0.90
good and > 0.90 excellent [29]. Cohen’s kappa (k) was
used for the assessment of agreement between the
diagnoses. Kappa greater than 0.60 indicates accept-
able agreement between measurements [30]. Also,
the differences between the means of the test-retest
scores obtained were evaluated with Student’s t-test
for paired data, and the standard error of measure-
ment (SEM) was calculated with the following

Eq. (1):

@ Springer



3412

Int Ophthalmol (2022) 42:3407-3420

SD(standard deviation) of the difference in scores

V2

SEM =

(1)
Procedure and ethical aspects

A convenient sampling method was used at Iran Uni-
versity of Medical Sciences in Tehran, Iran. All uni-
versity employees and graduate students with at least
one hour of work with VDTs per day in the month
preceding the study in the workplace were considered
for sampling. Considering that between 4 and 10 sub-
jects per item must be taken for assessing question-
naire internal consistency, and as the questionnaire
has 16 items, a sample size of 100 is sufficient [31,
32].

This study was approved by the review board and
ethics committee of Iran University of Medical Sci-
ences (IRIJUMS.REC.1399.259) and was conducted
following the international ethical principles applica-
ble to human research according to the latest revision
of the Declaration of Helsinki, and informed consent
was obtained from all the participants before taking
part in the study.

The exclusion criteria were: (1) Any significant
uncorrected refractive error which may be a cause of
asthenopia (myopia<-0.75D and manifest hypero-
pia> 1D, or astigmatism>0.50D) [1, 33], measured
by a Huvitz 8000A auto-refractometer and (2) Any
condition and eye disease which may interfere with
the symptoms of CVS (trauma, eye diseases, strabis-
mus, amblyopia, surgical intervention and treatments
including refractive surgeries).

A total of 130 individuals from the target popu-
lation gave consent to participate in the study.
After taking an ocular history and a preliminary
eye examination, by an optometrist, 28 participants
were excluded. Sociodemographic (sex, age, edu-
cational level) and VDT exposure (hours of use of
VDT to work) information was collected from the
102 included computer workers, and the CVS-Q FA®
questionnaire was administered; 46 of them agreed
to complete the questionnaire for the second time for
evaluation of test-retest reliability. The time interval
between the two administrations of the questionnaire
was 2—4 weeks.

A descriptive analysis of all study variables was
performed. Absolute frequency and percentage were
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calculated for categorical variables. For continuous
variables, the mean and SD were obtained. In addi-
tion, the total prevalence of CVS was calculated as
well as the frequency of the 16 symptoms included in
the CVS-Q FA®. Floor and ceiling effects were also
calculated.

All statistical analyses were performed using SPSS
version 25 and FACTOR 10.08.4.

Results
Translation and cross-cultural adaptation

Two forward translations were quite similar to each
other and the reconciled version was obtained by
complete agreement upon most parts of instruction
and items, although some doubts on few parts of the
questionnaire remained to be resolved in the next
steps of the process. After carrying out the back-
ward translation step, the discrepancies between the
original questionnaire and translated versions were
discussed. At this point, the original developers
emphasized that few parts of the translation should
be changed to be consistent with the original ver-
sion of CVS-Q©. Also, other differences were dis-
cussed and the final decisions were made (Table 1).

The review of cognitive debriefing revealed that
all 7 computer users had a good overall comprehen-
sion of the questionnaire. However, some observa-
tions about completed questionnaires and comments
from participants led to 2 minor adjustments in the
instruction of the questionnaire. First, 3 of the par-
ticipants recorded their symptoms not just during
the computer use but also other times of the day so
it was decided to underline "during the computer
use" in the instruction. Second, 2 out of seven users
forgot to mark the intensity during self-completion
of the questionnaire; therefore, to emphasize that
two features must be marked for each symptom, the
words "frequency" and "intensity" were underlined
in the instructions.
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Table 1 Description of major discrepancies between the translated version and original questionnaire and their solutions

Solution

Discrepancies

Issue

In backward translation, the word "symptoms" in this part Persian translation was altered so that when it was back-

"Indicate whether you experience any of the following

translated it meant "symptoms"

of instruction, was translated to "problems" which did
not represent the intention of the original questionnaire

symptoms during the time you use the computer at

work. For each symptom, mark with an X"

Persian translation was changed to a sentence that meant

When the item was back-translated into English, it was

"Difficulty focusing for near vision"

"difficulty in sharpening the image at near distance"

changed to "blurred vision problem at near distance"

which was a better equivalent of the original item

which was not an appropriate equivalent of the original

item

The item was retranslated so that in the back-translation, it

In the translation process, "worsening" was interpreted as

"Feeling that sight is worsening"

was changed to "worsening"

"deceased" which was not the intention of the original

questionnaire

Validation
Content validity

From a qualitative point of view, the expert com-
mittee evaluated the overall comprehensiveness
of the instrument as acceptable, and therefore, no
major changes were needed. On the other hand, for
quantitative evaluation of content validity, 15 mem-
bers of the expert committee rated the items of the
questionnaire for clarity and relevancy. The S-CVI
of the overall instrument was 0.92 and 15 items had
an I-CVI>0.80 and the only item that had an I-CVI
lower than acceptable was item 15 (feeling that
sight is worsening). After discussing the suggestions
from the expert committee, item 15 was modified by
replacing the sentence meant "feeling that your vision
has been worsening" with" feeling that your vision is
worsening." After a reassessment of item 15, all items
of the instrument reached the I-CVI threshold >0.78.
Table 2 shows the final I-CVI of 16 items of CVS-Q
FA®.

Pretest

The CVS-Q FA® with a similar graphical design as
the original version was applied to 20 computer users
in the workplace (12 females and 8 males) with a
mean age of 38.5+10.0 years. The mean time for the
completion of the questionnaire was 3.1+ 1.7 min.
All participants showed little difficulties in under-
standing and self-completion of the questionnaire.

General characteristics of the study population who
has been involved in the assessment of criterion

and diagnostic performance of CVS-Q FA®, construct
validity and internal consistency

The total number of subjects included in the study
were 102 computer users with a mean age of
40.0+£11.0 years (meanxSD), including 63.7%
females. The average exposure to VDT was
5.0+2.2 h per day, with a range between 1 and 10 h.
The description of the sample is shown in Table 3.
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Table 2 Item-level content Item Symptom I-CVI for rel- 1-CVI for clarity
validity index for 16 items evancy
of the Computer Vision
lS)ync.lrome Questlonnalre, 1 Burning 1 1
ersian version ) Tching 0.93 1
3 Feeling of a foreign body 0.86 0.93
4 Tearing 0.80 1
5 Excessive blinking 0.80 1
6 Eye redness 1 1
7 Eye pain 1 0.93
8 Heavy eyelids 0.80 0.86
9 Dryness 1 1
10 Blurred vision 1 1
11 Double vision 0.80 1
12 Difficulty focusing for near vision 0.86 0.86
13 Increased sensitivity to light 0.86 0.86
14 Colored halos around objects 0.86 0.93
15 Feeling that sight is worsening 0.93 0.93
I-CVI Item level content 16 Headache 1 1
validity index
Table 3 Distribution of the sample (n=102) according to 10
sociodemographic and exposure to digital devices characteris- //
tics /
08
Variable N (%)
Total 102 (100)
Age (years) 2z o8
=
20-29 27 (26.5) 3‘5
30-39 29 (28.1) B s
40—49 25 (24.5) | Area under the curve = 0.818
50-59 18 (17.7) [
60 329) wl 95% CI: 0.733 - 0.902
> . ' /
Sex S
Female 65 (63.7)
Male 37 (36.3) 0'00,0 02 04 06 08 10
Education level I - Specificity
High school graduate 12 (11.8)
Bachelor 34 (33.3) Fig. 2 Receiver operator charactristic curve of the Computer
Mast 35 (34.3) Vision Syndrome Questionnaire, Persian version
aster .
Doctorate 21 (20.6)
Use of work VDT (hours/day) o o . .
<2 6 (5.9) Criterion validity and diagnostic performance
. ©
235 26 (25.5) of CVS-Q FA
4-5.5 30 (29.4) . .
675 18 (17.6) According to the plotted ROC curve (Fig. 2), a cutoff
810 2 (21.6) point of 7 would optimize both sensitivity and speci-

VDT video display terminal
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ficity with values of 81.1% and 69.2%, respectively.
So, computer users who obtain 7 points or more on
completing the questionnaire would be considered as
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CVS sufferers. According to this cutoff value, 50 indi-
viduals (49%) of the study population had CVS. Also,
the area under the ROC curve (AUC=0.818; 95% CI
0f 0.733, 0.902 and a p <0.001) indicates that CVS-Q
FA® has an acceptable diagnostic performance.

Construct validity of CVS-Q FA®

The results of the Mardia’s test indicate that the
distribution of the results is not normal; skewness
(66.95, p=1.000); and kurtosis (299.14, p<0.01).
The Bartlett’s statistic result was p=0.00001
(» <0.05), which indicates that there is a relationship
between the items, and in the KMO test a value of
0.78 was obtained, which indicates that the relation-
ship between the items is regular. Therefore, the two
assumptions for applying factor analysis are met.

The parallel analysis resulted in one factor, and the
exploratory factor analysis also extracted a single fac-
tor accounting for 39.84% of the explained common
variance. The MSA values ranged from 0.67 (item
12) to 0.85 (item 13), so no items were dropped from
the model. The appropriateness was verified by the
robust goodness of fit statistics, which obtained the

following results: RMSEA=0.075, NNFI=0.957,
CFI=0.963, GFI=0.925, RMSR =0.125,
WRMR =0.089. The ECV statistic=0.824 and the
MIREAL statistic=0.218 were obtained. All factor
loadings were > 0.30, ranging from 0.33 (item 4) to
0.86 (item 15).

Internal consistency and Test—retest reliability

Floor and ceiling effect analyses were performed, and
neither were observed as 2% and 0% of participants
obtained the lowest (0) and highest (32) possible
score of the questionnaire, respectively.

The CVS-Q FA® showed acceptable internal con-
sistency (Cronbach’s alpha was 0.80), and no item
deletion could change the internal consistency sig-
nificantly (as o ranged between 0.78 and 0.82 after
deletion of each item). ICC and x were used to assess
the test-retest reliability and they were equal to 0.81
and 0.65, respectively, which are considered as good
and acceptable. Likewise, a SEM =1.915; 95% CI of
3.06, 10.56 was obtained.

Frecuency Intensity
529 39 Buming s 20
w“ g
16.7 14 Feeling of a foreing body 177
i Teg
17.6 . Excessive blinking m
K —_—
L 39 Eye pain 284 4.9
i s S
22 & Dryness - Im
“1 39 Bluved vision
10.8 Double vision m
26.5 - Difficulty focusing for near vision m
314 s Increased sensitivity to light 382 7.9
16.7 2. Colored halos around objects 17.7 1.0
5 R —
471 69 Headache 471 6.9
0‘,0 10‘,0 20':0 30:0 46,0 50':0 60’,0 71;,0 0:0 l(;,O 2(;,0 3(;,0 4(;,0 5(;,0 60‘,0 76,0
% %
OCCASIONALLY ®OFTEN OR ALWAYS = MODERATE BINTENSE

Fig. 3 Prevalence of symptoms of the Computer Vision Syndrome Questionnaire, Persian version, according to frequency and inten-

sity
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Ocular and visual symptomatology evaluated with
the CVS-Q FA®

Figure 3 shows that "eye redness,” "burning" and
“headache” were the most frequent symptoms
(63.8%, 56.8% and 54.0%, respectively) and "dou-
ble vision," "feeling of a foreign body" and “colored
halos around objects” were the least frequent symp-
toms (10.8%, 17.7% and 18.7%, respectively). Almost
all symptoms occurred occasionally; however, the
symptom "increased sensitivity to light" was often or
always present almost in 15% of the sample analyzed.
In general, the intensity of symptoms was moderate.

Discussion

In this study, we have carried out the translation,
cross-culturally adaptation and assessed the measure-
ment properties of the Persian version of the CVS-
Q°. The overall results were good with respect to
cognitive debriefing, comprehensibility, face, content,
criterion and construct validity, internal consistency
and reliability.

To date, the original CVS-Q© has been translated
and cross-culturally adapted to different languages:
English, Slovak and Italian [10, 34, 35], following the
methodology developed by Beaton et al. [36] which is
also recommended by other authors [15]. This repre-
sents a methodological difference with respect to the
ISPOR standard guidelines followed in this study for
the Persian version [12]. Although one of the most
widely used methods for PROMs was the guide-
lines recommended by Guillemin et al. in 1993 [37],
which were updated and presented more formally in
2000 [36], the ISPOR standards guidelines is a newly
developed and detailed process [12]. In a recent
review of the literature, 31 different cross-cultural
adaptation methods were identified and no consensus
was found. The authors of this review indicated that
most of guidelines would achieve comparable results,
and choosing one is a matter of preference and logis-
tic, but there is lack evidence of the superiority of one
method over another [38]. In our study, the process
of translation and cross-cultural adaptation was per-
formed without major difficulties. Partially, this may
be due to the simplicity of the original questionnaire
and to the fact that we rigorously followed the steps
established in the literature [12].

@ Springer

Nevertheless, there is a lack of consensus on how
to carry out the back translation step. Several authors
indicate that involving only professional translators
in this step has no clear scientific basis [39, 40]. It
is proposed as an alternate approach to carry out a
dual panel consisting of a team of professional trans-
lators working under an experienced bilingual coor-
dinator and a monolingual focus group in the target
language [41]. However, a comparative study con-
cluded that although the target population prefers
dual panel approach, there were no obvious differ-
ences in the psychometric performance of the ques-
tionnaires obtained [42]. Thus, both methodologies
are able to produce a reliable adapted instrument
[38]. In our study, we decided to carry out the back
translation step following the conventional methodol-
ogy (two professional translators) since it is a widely
implemented stage [12, 36], and which remains fun-
damental when the committee has inadequate profi-
ciency in the source and target language [43]. In fact,
it was also decided to incorporate Spanish and Iranian
experts in visual and public health in the review after
the back translation step. Since the guidelines recom-
mended by Beaton et al. [36] include a multidiscipli-
nary expert committee review, an experimental study
concludes that translations reviewed by multidiscipli-
nary committee improve the face and content validity
of the adapted tool [43].

Results of cognitive debriefing showed that VDT
users could understand the questionnaire easily, and
the pretest confirmed that they could complete it
within a reasonable amount of time, with a similar
average completion time that the original version of
the questionnaire [10]. Only a few modifications were
applied to the instruction of the questionnaire to pre-
vent any misunderstanding about the time of occur-
rence and rating scales of the symptoms.

There are different initiatives that propose qual-
ity standards to assess the measurement properties
of instruments that evaluate health status, such as the
Scientific Advisory Committee of the Medical Out-
comes Trust (SAC-MOS) [44], the criteria proposed
by Terwee et al. [32], the Consensus-based Standards
for the selection of health Measurement INstruments
(COSMIN) [45] and those by Bopaire et al. [28]. The
terminology and definitions used in these initiatives
differ slightly. In fact, COSMIN [45], SAC-MOS [44]
and Bopaire et al. [28] consider internal consistency
as a subcategory of reliability, whereas for Terwee
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et al. [32] they are different properties, and SAC-
MOS also includes methods based on item response
theory (IRT) [44]. In this study, it is followed the pro-
cess of psychometric evaluation of a questionnaire
recommended by Bopaire et al. [28].

Our results of the cognitive debriefing did not iden-
tify any significant changes indicating that the CVS-Q
FA® measures what it is intended to measure in the
judgement of the experts and the target population,
which is essential before assessing the other proper-
ties of the questionnaire [46]. During the process of
content validity assessment and after modifying item
15 (feeling that sight is worsening), all the 16 items
of the questionnaire met the criterion of [-CVI>0.78
[14]. This demonstrated good agreement between
content validators on the clarity of translation and
the necessity of all the items in the instrument. In
this study, we also evaluated the criterion validity
and diagnostic performance of CVS-Q FA® by deter-
mining the sensitivity, specificity, as well as the area
under the ROC curve. The CVS-Q FA® obtained sen-
sitivity and specificity like those obtained by authors
of the original questionnaire (sensitivity =75%; speci-
ficity =70.2%; AUC =0.826, with a 95% CI of 0.779,
0.874 and a p <0.001) [10]; however, the cutoff point
of this version is higher than the original question-
naire. Nevertheless, slight changes in the cut-off point
are common in different linguistic versions of health
questionnaires [47, 48]. Factor analysis confirmed
the one-dimensional structure of the scale, no need to
remove any items from the scale and good model fit
due to the robust goodness of fit statistics, same result
as the original scale but in this case by factor analy-
sis rather than Rasch analysis. The evaluation of the
internal consistency was acceptable, and test—retest
analysis revealed also good stability over time of the
questionnaire, both similar to the results of the origi-
nal CVS-Q® [10].

During the process of validation, CVS-Q FA® was
applied to a sample of university staff and gradu-
ate students who regularly used computers in their
workplace. The results showed that CVS is a com-
mon problem among this population as 49% of par-
ticipants were diagnosed as CVS sufferers (findings
already published) [49]. This observation agrees with
previous studies that have reported a high prevalence
of CVS, ranged between 54.6% and 73%, among
computer users in the workplace [6, 7, 50]. In our
study, the most prevalent symptoms were eye redness

(63.8%), burning (56.8%) and headache (54.0%).
These three symptoms are relatively frequent among
digital devices users [1, 3, 51, 52]. The participants
of this study were typical VDT users in the office
and academic environment in Iran; therefore, this
relatively high prevalence of CVS and symptoms was
expected. This is consistent with hypotheses based
on the assumption that the instrument validly meas-
ures the construct to be measured. Floor and ceiling
effects are demonstrated when>15% of participants
obtain lowest of highest score on completing the
questionnaire [32], so in our study these effects are
not observed.

There are some limitations to this study that should
be noted. For translation and cross-cultural adapta-
tion, backward translations should have been carried
out by English natives who were also fluent in Per-
sian. Unfortunately, we could not find such persons
with these characteristics, so this step was carried out
by bilingual Persian translators who had spent some
years in an English-speaking country. Moreover,
as is the case in other specialties where there is still
no gold standard [53], the difficulty in assessing the
criterion validity of an instrument is greater. In our
case, and trying to be as conservative as possible, we
have followed the same criteria used by the original
developers of the questionnaire [10]. In addition, it
would be desirable to have a larger sample size to
carry out the factor analysis, but this limitation has
been addressed by using robust analysis techniques.
Finally, it should be noted that subjective refraction
and accommodative and binocular tests were not car-
ried out on the participants in this study. Symptoms
derived from small uncorrected refractive errors or
untreated accommodative and binocular dysfunc-
tions could be confounding some symptoms of CVS.
Therefore, the prevalence data reported in the Iranian
population should be taken with caution. The main
strength of the present study is that all steps of the
process of translation, cross-cultural adaptation and
validation of CVS-Q FA® were performed in col-
laboration with developers of the original version of
the questionnaire to make sure that the translated ver-
sion is optimally consistent with the original version.
Also, to assess the reliability we carried out a prelimi-
nary eye examination to exclude those participants
with a significant uncorrected refractive errors and
eye diseases trying to reduce interfering symptoms as
much as possible, although some confounding factors
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were inevitable. It has been attempted that the symp-
toms reported by workers were due to computer use,
not other factors.

Conclusions

In conclusion, the original CVS-Q® questionnaire
was successfully translated, cross-culturally adapted
and validated into Persian. The findings of this study
show that CVS-Q FA® is a questionnaire with accept-
able psychometric properties, easy to understand
by computer users and can be completed in a short
amount of time. In future studies and given the large
number of digital devices users in Iran, this question-
naire could be used for investigating different aspects
of CVS among general population, in groups of com-
puter users with individual or job characteristics that
increase the risk of CVS, as well as in other digital
device users, such as mobile users or video game
players. Aspects such as prevalence, economic con-
sequences, causes and preventive measures should be
analyzed in relation to CVS in the Iranian population.
Especially now that it seems that the prevalence of
CVS is growing because of the COVID-19 pandemic
due to the increase in use of electronic digital devices
[54].
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