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Abstract
● AIM: To develop the 17-item Asthenopia Survey 
Questionnaire (ASQ)-17 by Rasch analysis, and to generate 
a predictiveness score.
● METHODS: Totally 739 participants were recruited and 
680 were involved in the result analysis in this prospective, 
cross-sectional study. Three rounds of Rasch analysis were 
used to analyze the psychometric characteristics of items 
and options.
● RESULTS: Phase 1 assessed the original ASQ-19, 
adjusted the item scoring mode to a four-point Likert 
response rating scale and combined the 18th and 19th items 
into a new item. Phase 2 deleted the 11th item. Phases 3 
and 4 assessed the new ASQ-17. All the evaluation indexes 
of ASQ-17 were acceptable. The Infit and Outfit MnSq 
values of items were 0.67-1.48, the variance explained 
by the principal component and the unexplained variance 
explained by the first contrast were 53.90%-59.40% and 
1.50-1.80 in three dimensions. The curve peaks of scores 
in each dimension were separated and in the same order. 
The PSR and PSI values were 2.80 and 0.89, respectively. 
The mean scores of dimensions A (9.5±4.1 vs 3.5±3.2), 
B (7.3±3.3 vs 2.5±2.7), C (4.3±2.2 vs 1.4±2.0) and total 
(21.1±8.1 vs 7.4±7.0) in asthenopia participants were 
significantly higher than those without asthenopia (all 
P<0.001). The area under the curve in two groups was 0.899 
(P<0.001). Youden’s index was up to the maximum value of 
0.784 when the cut-off value was 12.5.
● CONCLUSION: ASQ-17 has stronger option sorting 

and suitability than ASQ-19. It is an effective assessment 
tool for asthenopia with an optimal cut-off threshold value 
of 12.5, which is suitable for diagnosis and curative effect 
evaluation. 
● KEYWORDS: asthenopia; 17-item Asthenopia Survey 
Questionnaire; Rasch analysis; scoring mode
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INTRODUCTION

A sthenopia, also known as visual fatigue, is a subjective 
symptomatic disease, which can result in symptoms 

including visual impairment, eye discomfort, or systemic 
symptoms after experiencing an excessive load on the eyes[1-2]. The 
prevalence of asthenopia has received attention in the scientific 
literature for over 30y. How to gauge prevalence is challenging 
due to the wide variety of subject conditions, along with the 
range of methodologies that are applied to identify asthenopia. 
Recent data showed the number of people with asthenopia 
was significantly growing with the increasing use of digital 
devices[3]. The prevalence of asthenopia ranged from 53.3% to 
71.0% in adults[4-6]. A recent Meta-analysis including data from 
2465 subjects who under 18-year-old estimated an overall 
prevalence of 19.7%, ranging from 12.4% to 26.4%[7].
In the assessment of asthenopia, a problem lies in the imprecise 
definition of asthenopia in most published studies, due to the 
use of unstructured and non-validated questionnaires, which 
only have one dimension and do not have a calculated score for 
prediction[8-10]. Most existing used asthenopia questionnaires 
are designed for a condition-specific disease, not specifically 
designed for asthenopia, such as dry eye questionnaire (5-
Item Dry Eye Questionnaire[11]), binocular visual dysfunction 
questionnaire (Convergence Insufficiency Symptom Survey[12]) 
and video terminal syndrome (The Computer-Vision Symptom 
Questionnaire[13-14] or Digital Eye Strain Questionnaire[15]). 
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Among them, our research group previously developed a 19-
item Asthenopia Survey Questionnaire (ASQ)-19 stands out as 
the most comprehensive asthenopia questionnaire[16]. Its design 
was based on classical test theory, the items were selected 
from a review of the scientific literature, and it was validated 
with a broad consensus among experts, using a pre-test, a 
pilot test, and a re-evaluation[16]. While the item statistics of 
classical test theory depend on the sample size of the test, and 
the hypothetical parallel test is impossible to achieve in actual 
situations[17-18]. Rasch analysis is a psychological measurement 
technology used to compile and revise measurement tools[19]. It 
focuses on each item of the scale, uses mathematical functions 
to evaluate the relationship between individual ability and 
item difficulty, and accurately evaluates the potential ability of 
patients and the correlation between items[20], the accuracy of 
the scales must be guaranteed.
This study aimed to validate the psychometric properties of 
ASQ-19 by Rasch analysis and obtain a calculated score for 
prediction, providing a practical survey questionnaire for 
clinical application and epidemiological studies.
SUBJECTS AND METHODS
Ethical Approval  All procedures performed in studies 
involving human participants followed the ethical standards 
of the Eye Hospital of Wenzhou Medical University Scientific 
Ethics Committee and with the 2013 Declaration of Helsinki 
and its later amendments or comparable ethical standards. The 
study was approved by the Bioethics Committee of the Eye 
Hospital of Wenzhou Medical University (No.2016-YKY-8). 
Informed consent was obtained from all individual participants 
included in the study.
Study Design  This prospective, cross-sectional study 
consisted of four phases. Phase 1 assessed the original ASQ-19 
and obtained the ASQ-18. Phase 2 investigated new asthenopia 
participants by using ASQ-18 and obtained the ASQ-17. Phase 
3 investigated additional new asthenopia participants by using 
ASQ-17 and was adopted to be the final version. Phase 4 
recruited non-asthenopia participants by using ASQ-17 and 
obtained the cut-off value of ASQ-17.
Totally 739 participants from the Eye Hospital of Wenzhou 
Medical University (from January 2018 to January 2021) were 
eligible, and 680 were involved in the result analysis (with 
an effective rate of 92.0%:4.0% were invalid due to missed 
sections, and the rest 4.0% were due to making multiple 
choices for one question). Inclusion criteria were as follows: 
1) The patient had asthenopia complaints; 2) The patient was 
older than 16-year-old and could understand the questionnaire. 
Totally 583 participants diagnosed with asthenopia met 
the Expert Consensus for the Diagnosis and Treatment of 
Asthenopia (2014)[1]. Totally 97 non-asthenopia participants 
met the inclusion criteria but were not diagnosed with asthenopia. 

Sample Size  To achieve stable item calibrations within 1/2 
logits and have 95% confidence, the minimal sample size 
for each round of Rasch analysis in the study was set at 64 
participants[21]. 
19-item Asthenopia Survey Questionnaire  This study was 
based on our previously developed ASQ-19[16] (Table 1). ASQ-
19 has nineteen items included in three dimensions: seven 
items of ocular organic symptoms (Dimension A), seven 
items of visual functional symptoms (Dimension B), and five 
items of systemic symptoms (Dimension C). The scoring 
mode was “Frequency” × “Intensity”. “Frequency” has a four-
point response rating scale from “never” (0), “occasionally” 
(1), “often” (2) to “always” (3) according to the frequency of 
symptoms. “Intensity” was divided into “mild” (1), “moderate” 
(2) and “severe” (3). The score of each item was the product of 
the scores of frequency and intensity, resulting in seven scores 
for each item (i.e., 0, 1, 2, 3, 4, 6, and 9). The total score of 
the questionnaire was the sum of the scores of each item. The 
higher the score, the more severe the symptoms of asthenopia. 
Psychometric Characteristics Index of Rasch Analysis  The 
following psychometric parameters were considered in the 
Rasch analysis to assess the psychometric properties of an 
instrument.
Dimensionality  Dimensionality was assessed using the 
item-fit statistics, the mean square (MnSq) and the principal 
component analysis of the residuals (PCAR). Infit and Outfit 
MnSq both measured the extent of fitness of each item to the 
questionnaire construction. Infit statistics was more sensitive 
to inliers and therefore was considered more informative. A 
criterion of MnSq from 0.5 to 1.5 was considered a productive 
item for measurement[22]. The first contrast in the residuals 
indicated whether there were other patterns within the 
variance that were not explained by the principal component. 
An eigenvalue of less than 2.0 and an unexplained variance 
in the first contrast of less than 10% would indicate that the 
instrument was measuring only one construct[23].
Category order  An essential part of the assessment was to 
examine the extent to which the respondents use response 
categories in an orderly fashion. The option sorting analysis 
provided the additional benefit that it could be used to 
determine the optimal number of response categories. If the 
analysis shows redundancy or disruption to category order, it 
may be necessary to combine adjacent response categories[23]. 
It was also important to examine the frequency of responses in 
each category. At least 10 responses per rating scale category 
were recommended[24].
Person separation  Person separation is a measurement of the 
questionnaire’s precision, which is defined as the ability of the 
instrument to distinguish personal ability in different groups. 
Person separation index (PSI) and person separation reliability 
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(PSR) were used and higher values indicated better reliability. 
Differential item functioning  Differential item functioning 
(DIF) test was performed to assess whether the items of the 
instrument function similarly for all individuals at the same 
ability level regardless of their characteristics. For the DIF 
testing, the respondents were stratified by gender (male/
female), age (≥mean age/<mean age), or other characteristics. 
Targeting  Targeting refers to whether the difficulty of 
items matches the abilities of the individuals. Targeting was 
estimated by the difference in person and item means. 
Predictive Ability of Questionnaire  The ability of the 
questionnaire to predict asthenopia diagnoses (cut-off value) 
was analyzed by receiver operating characteristic curve 
(ROC)[25]. The optimal cut-off value was determined by the 
point whereby the Youden’s index was maximized (Youden’s 
index=sensitivity +specificity -1)[26].
Clinical Verification and Quality Control  Two attending 
ophthalmologists conducted ophthalmic examinations and 
made a diagnosis. Participants were asked to self-complete the 
questionnaires after obtaining a definite diagnosis.
Two trained researchers collected the survey questionnaires 
from these patients. Patients had sufficient time to finish the 
questionnaires. Researchers assisted the participants if the 
participants were unclear about the questionnaire. The integrity 
of the questionnaire (whether the participants missed a section, 
whether they had multiple answers for a given section, etc.) 
was monitored once per week. 
Statistical Analysis  Continuous variables were described as 
mean±standard deviation when data had a normal distribution 
and median (interquartile range, IQR) when data had a non-
normal distribution. Independent t-test was used in normal 
distribution variables, while the Chi-square test and Wilcoxon 
rank sum test were used in non-normal distribution variables.
The operation about data input was carried out by two people 
used by EpiData (version 3.1, Denmark). The data were 
analyzed using SPSS (version 25.0, Chicago, USA) and Winsteps 
(version 3.72.3, Beaverton, USA). All P values were 2-sided. 
A P value <0.05 was considered statistically significant.
RESULTS
Characteristics of Participants  A total of 583 participants 
with asthenopia and 97 with non-asthenopia were included. 

There were 186 asthenopia participants [median (Q1, Q3) 
age: 29 (25, 33)y, 36% males] in phase 1, 199 asthenopia 
participants [median (Q1, Q3) age: 30 (24, 39)y, 38.2% males] 
in phase 2, 198 asthenopia participants [median (Q1, Q3) age: 
28 (25, 33)y, 44.4% males] and 97 non-asthenopia normal 
control [median (Q1, Q3) age: 29 (24, 33)y, 52.6% males] in 
phases 3 and 4. There was no statistically significant age and 
gender difference between the 198 asthenopia and 97 normal 
controls (Table 1).
Phase 1: Assessment of the Original ASQ-19  There were no 
misfitting items in the ASQ-19 (both the Infit and Outfit MnSq 
values of all items were 0.75-1.49), indicating that the items 
measured a single construct. This was further supported by 
the PCAR, which showed that the variances explained were 
48.5%, 52.7%, and 47.9% in Dimensions A (ocular organic 
symptoms), B (visual functional symptoms) and C (systemic 
symptoms) respectively. The eigenvalue and unexplained 
variances explained in the first contrast in Dimensions A, 
B, C were 1.60, 1.40, 1.90 and 12.70%, 12.30%, 20.10% 
respectively. ASQ-19 also had a PSI value of 2.18 and a PSR 
value of 0.83. 
The number of responses for 0, 1, 2, 3, 4, 6, and 9 scores was 
102, 502, 1030, 890, 645, 313 and 52 respectively (met the 
standard of more than 10 responses per rating scale category). 
Option sorting analysis (Figure 1) showed the curve peaks of 
1, 2, 3 scores covered with each other, and 4, 6 scores covered 
each other. Scores with curve peak covered each other should 
be combined into one option. Thus, the scoring mode should 
be reconsidered.
Project suitability analysis showed that the mean person 
location was -2.16 logit, meaning that the average scores of 
items were lower than the average scores of individuals. This 
suggests that the items were more difficult than individuals’ 
ability. Moreover, we found that a few patients had difficulty 
distinguishing between the 18th item “Did eye discomfort make 
you feel anxious?” and the 19th item “Did eye discomfort make 
you feel depressed?” in clinical practice. Their average item 
location on the Wright map were close, indicating the similar 
difficulty.
Consequently, we adjusted the item scoring mode to “Intensity” 
scoring, a four-point Likert response rating scale from “never” 

Table 1 Characteristics of study participants in phase 3

Characteristics Asthenopia (n=198) Non-asthenopia (n=97) χ2 or Z value P
Age, y, median (Q1, Q3) 28 (25, 33) 29 (24, 33) -0.488a 0.626
Gender, n (%) 0.233b 0.629

Male 88 (44.4) 51 (52.6)
Female 110 (55.6) 46 (47.4)

Time used, s, median (Q1, Q3) 154.0 (122.0, 208.3) 161.0 (129.5, 206.5) -1.097a 0.273

Q1: 25% quartile; Q3: 75% quartile; s: Second. aWilcoxon rank sum test; bPearson Chi-square test.
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(0), “mild” (1), “moderate” (2) to “severe” (3). The 18th and 
19th items were combined into a new item, so a new 18-item 
Asthenopia Survey Questionnaire (ASQ-18) was obtained.
Phase 2: Assessment of the ASQ-18  There was one misfitting 
item in the ASQ-18 (the Infit and Outfit MnSq values of the 
11th item were 1.55 and 1.60 respectively, the rest seventeen 
items were 0.80-1.27) indicating that the 11th item didn’t fit the 
construct well. The 11th item “Did you feel blur or ghosting 
when looking far?” was eliminated.
The number of responses for 0, 1, 2, 3 scores were 1426, 1323, 
623 and 210 respectively (met the standard of more than 10 
responses per rating scale category). Option sorting analysis 
(Figure 1) showed the curve peaks of 0, 1, 2, 3 scores were 
separated from each other and in the same order, indicating the 
four options were reasonable.
The mean person location was -1.12 logit, which was closer 
than ASQ-18, but still out of the standard value.
The eigenvalue and unexplained variance explained in the 
first contrast and PSI/PSR were similar to ASQ-19 (Table 2), 
indicating the items were measuring single construct and good 
reliability.
Consequently, we deleted the 11th item, so another new 17-item 
Asthenopia Survey Questionnaire (ASQ-17) was obtained.
Phase 3: Assessment of the ASQ-17  For ASQ-17, both the 
Infit and Outfit MnSq values of all items were between 0.67 
and 1.48, while the standard values are from 0.5 to 1.50, which 
indicates that there was no misfitting item.
The mean person location was -0.80 logit (which met the 
standard of less than 1.0 logit), which is better than ASQ-
18, indicating that ASQ-17 has good targeting between the 
difficulty of items and individual ability.
The variance explained by the principal component and 
the unexplained variance explained by the first contrast in 

Figure 1 Category probability curves for the difficulty questions with 4 categories before (ASQ-19) and after (ASQ-18 and ASQ-17) combining 

1, 2, 3 scores and 4, 6 scores  ASQ: Asthenopia Survey Questionnaire; The y-axis is the response category probability, and the x-axis is a 

measure relative to item difficulty. ASQ-19: The curve peaks of 1, 2, 3 scores and 4, 6 scores contained with each other, and 0, 9 scores were 

independent, therefore 1, 2, 3 scores and 4, 6 scores can be combined into one category. ASQ-18 and ASQ-17: The curve peaks of 0, 1, 2, and 

3 scores were separated from each other and in the same order, indicating that the four options (response categories are: 0: none, 1: mild, 2: 

moderate, 3: severe) were reasonable. 

Table 2 Overview of results of ASQ-19, ASQ-18, and ASQ-17 by 

Rasch analysis

Parameter ASQ-19 ASQ-18 ASQ-17

Number of asthenopia participants 186 199 198

Number of items

Overall all item 19 18 17

Dimension A 7 7 7

Dimension B 7 7 6

Dimension C 5 4 4

Variance explained by measures, %

Overall all items NA NA 42.70

Dimension A 48.50 45.60 59.40

Dimension B 52.70 48.60 54.70

Dimension C 47.90 59.40 53.90

PCAR (eigenvalue, unexplained variance of 1st contrast)

Overall all items NA NA 3.60, 12.00%b

Dimension A 1.60, 12.70% 1.60, 10.50% 1.70, 10.00%

Dimension B 1.40, 12.30% 1.70, 13.50% 1.50, 11.10%

Dimension C 1.90, 20.10% 1.50, 19.00% 1.80, 12.30%

Misfitting items, n (MnSq) 0 1 (>1.50)a 0

PSI/PSR 2.18/0.83 2.62/0.87 2.80/0.89

DIF by gender, logit NA NA -0.23-0.51

DIF by age, logit NA NA -0.36-0.62

Mean person location, logit -2.16 -1.12 -0.80

ASQ: Asthenopia Survey Questionnaire; PCAR: Principal component 

analysis of the residuals; MnSq: Mean square standardized residuals 

(criteria: >1.5); PSR: Person separation reliability; PSI: Person 

separation index; DIF: Differential item functioning. aThe Infit and 

Outfit MnSq values of the 11th item were 1.55 and 1.60 respectively 

(more than the standard value of 1.50). bThe eigenvalue and 

unexplained variance explained by the first contrast in overall 17 

items were 3.60 (more than the standard value of 2.00) and 12.00% 

(more than the standard value of 10.0%) respectively, indicating ASQ-

17 has more than two dimensions.

A new Asthenopia Survey Questionnaire
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the overall 17 items were 42.7% and 3.60 (more than the 
standard value of 2.00), indicating ASQ-17 has more than two 
dimensions. However, the variance explained by the principal 
component was 59.4%, 54.7%, 53.9% in Dimensions A, B, 
and C, respectively, which were closer to 60.0% and better 
than ASQ-18. The eigenvalue and unexplained variance in the 
first contrast in Dimensions A (ocular organic symptoms), B 
(visual functional symptoms) and C (systemic symptoms) were 
1.70, 1.50, 1.80, and 10.00%, 11.10%, 12.30% (were closer 
to 10.00% than ASQ-19 and ASQ-18) respectively, indicating 
that three dimensions setting was reasonable for ASQ-17, and 
that unnecessary to be divided into more dimensions. 
The responses for 0, 1, 2, 3 scores were 453, 1846, 864, and 
203 respectively (met the standard of more than 10 responses 
per rating scale category). The results of option sorting analysis 
(Figure 1) and PSI/PSR (Table 2) were within the standard and 
similar to ASQ-18.
DIF analysis showed the functional differences of each item 
by gender were -0.38-0.51 logit, by age were -0.36-0.62 logit, 
indicating ASQ-17 has no significant difference between 
gender and age, and was suitable for different gender and age 
populations. Consequently, the new ASQ-17 was adopted as 
the final version (Table 3).
Phase 4: The Predictive Ability of the ASQ-17  Figure 2 
showed the mean total scores of Dimensions A, B, and C 
and all three dimensions in asthenopia participants were 
significantly higher than non-asthenopia participants, which 
were 9.5±4.1 vs 3.5±3.2, 7.3±3.3 vs 2.5±2.7, 4.3±2.2 vs 1.4±2.0, 
and 21.1±8.1 vs 7.4±7.0 respectively (all P<0.001). 
Figure 3 showed the area under curve (AUC) of ASQ-
17 in two groups was 0.899, indicating ASQ-17 has good 
diagnostic ability (P<0.001). Youden’s index was up to the 
maximum value of 0.784 when the cut-off value was 12.5, 
and the specificity and sensitivity index were 78.4%, and 
100.0% respectively. So, we suggested that asthenopia can be 
diagnosed if the total score was higher than 12.5 and treatment 
is recommended.	
The top four mean score items were the 8th (the brightness of 
the screen caused eye discomfort when using mobile phone or 
computer), 1st (discomfort around the eyes), 2nd (eye dryness) 
and 4th (eye soreness), ranging from 1.51 to 1.53 (Figure 4). 
DISCUSSION
The 17-item Asthenopia Survey Questionnaire (ASQ-17, 
Table 2) is the first validated version of the original ASQ-
19 which can be used in clinical practice for the surveillance 
of the visual health of the Chinese adult population. ASQ-17 
covers 7 items of eye symptoms, 6 items of visual symptoms 
and 4 items of systemic and psychological symptoms with a 
total score of 51 and an optimal cut-off threshold value of 12.5. 
The present study demonstrated that ASQ-17 has adequate 

item and person fit the model predictions, adequate reliability, 
unidimensionality, and no or minimal severe DIF by gender 
and age. ASQ-17 can be completed in less than three minutes 
in a self-report investigation without excessive burden to 
participants.
The present study was unique because it optimized 
the previously developed ASQ-19 by using the Rasch 
measurement theory and obtained a better version of ASQ-
17. ASQ-19[16] is a self-administered questionnaire that 
evaluates the frequency and intensity of 19 ocular organic, 
visual functional and systemic symptoms related to asthenopia. 

Figure 2 Comparison of mean total scores for asthenopia and 

non-asthenopia participants used ASQ-17  ASQ-17: The 17-item 

Asthenopia Survey Questionnaire. The columns in black are the mean 

scores of asthenopia participants (n=198) and the columns in grey 

are the mean scores of non-asthenopia participants (n=97). aP<0.001.

Figure 3 The ROC of ASQ-17 in asthenopia and non-asthenopia 

participants  ROC: Receiver operating characteristic curve; ASQ-

17: The 17-item Asthenopia Survey Questionnaire. The area 

under the curve was 0.899 (P<0.001), indicating ASQ-17 has good 

diagnosability. Youden’s index was up to the maximum value of 0.784 

when the cut-off value was 12.5, and the specificity and sensitivity 

index were 78.4%, and 100.0% respectively (the red dot).
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Cronbach α for the three subscales of this version was between 
0.79 and 0.85, while for the complete questionnaire was 0.90, 
with a spilt‑half reliability of 0.80. Factor analysis showed 
the three components had eigenvalues>3 and these explained 
54.3% of the variance[16]. 
Since there is a need for ASQ-19 to be validated by Rasch 
analysis and generate a calculated score for prediction, the 
research group is responsible for the validation of the original 
ASQ-19. This study contained four phases. The scoring mode 
of ASQ-19 was analyzed by Rasch analysis in phase 1. The 
results of different scores were overlapped, indicating seven 

options for each item were unreasonable. We adjusted the 
scoring mode to a four-point Likert response rating scale from 
“never” (0), “mild” (1), “moderate” (2) to “severe” (3), the 
results showed independence in the following two rounds of 
Rasch analysis. It was also shown that people prefer to use 
four or five categories[27]. In clinical practice, we found some 
patients had difficulty in distinguishing the 18th item (feel 
anxious) and the 19th item (feel depressed). The average item 
location on the Wright map also showed these two items had 
similar difficulties. Therefore, the 18th and 19th items were 
combined into a new 18th item (feel anxious or depressed) and 

Figure 4 The mean score of 17 items in ASQ-17 in descending order  ASQ-17: The 17-item Asthenopia Survey Questionnaire. The maximum 

mean score for an item is 8th, closely followed by items 1st, 2nd, and 4th.

A new Asthenopia Survey Questionnaire

Table 3 English Version of the 17-item Asthenopia Survey Questionare (ASQ-17)

Items related to asthenopia symptoms
Frequency

No Mild Moderate Severe
0 1 2 3

A 1 Did you feel discomfort around the eyes?
2 Did you have eye dryness?
3 Did you have eye pain such as tingling, flatulence, etc?
4 Did you have eye soreness?
5 Did you have a feeling of heavy eyelid?
6 Did you have a feeling of tight eyes?
7 Were you sensitivity to light (such as fear of light and dark)?

B 8 When using mobile phones or computers, did the brightness of the screen cause eye discomfort?
9 Did you squint?

10 Did you feel strenuous when using eyes at near?
11 Did you have blur or ghosting vision when using eyes at near?
12 Did it make you feel slower to read due to ocular symptoms?
13 Did you have eye discomfort when looking moving objects?

C 14 Were you lack of concentration when using eyes?
15 Was it difficult to remember what you just read?
16 Did you have dizziness or headache when using eyes?
17 Did eye discomfort make you feel anxious or depressed?

This English version of ASQ-17 was not used in this research, it could not been used directly.
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ASQ-18 was obtained. The properties of the new 18th item 
in the following Rasch analysis showed well and suggested 
this combination was acceptable. The 11th item (feel blur 
or ghosting when looking at distance objects) was not a 
valid measure of the construct and was eliminated in phase 
2. It was shown that the asthenopic symptoms were often 
relieved when looking at distant objects due to the relaxation 
of accommodation and convergence[28]. In the last phase, 
participants with asthenopia and non-asthenopia were asked to 
finish ASQ-17 and it was confirmed that ASQ-17 could be the 
final version.
In this study, participants were asked to self-complete the 
questionnaires, which can artificially interfere with the 
result[29]. However, ASQ-17 still had good accuracy and 
rationality and was verified from the following six aspects. 
1) Dimensionality analysis showed that the three dimensions 
(ocular organic, visual functional and systemic symptoms) 
were in good construct. PCAR was a more definitive way 
to assess the dimensionality of an instrument, it was 59.4%, 
54.7%, 53.9% in Dimensions A, B, and C respectively, and 
were better than the standard level (50%)[30]. The current used 
general asthenopia questionnaires[8,10] only have one dimension 
and do not have a calculated score for prediction. The three-
dimensional design construct was also consistent with the main 
cause of asthenopia[1] and helpful in assisting the diagnosis. 
2) Option sorting analysis showed that the curve peak of 0, 
1, 2, 3 scores were separated from each other and in the same 
order, indicating the four-point Likert response rating scale 
was reasonable—a phenomenon also reported in the validation 
of other vision scales[31-32]. The most useful classification of 
asthenopia in clinical practice is also four-point (non, mild, 
moderate and severe asthenopia)[1], which was consistent with 
the score of each symptom and helpful for the classification 
according to the score. 3) Person separation is a measurement 
of the questionnaire’s precision, which is defined as the ability 
of the instrument to distinguish the personal ability in different 
groups. The PSI and PSR values of ASQ-17 were 2.80 and 
0.89, a PSI value higher than 2.0 and a PSR value higher than 
0.8 were set as the cutoff for acceptability[33]. 4) The functional 
differences of each item by gender were -0.38-0.51 logit, and 
by age were -0.36 to 0.62 logit, indicating ASQ-17 has no 
significant difference between gender and age, and was suitable 
for different gender and age adult populations. Small or absent 
differential item functioning was defined as a difference of less 
than 0.50 logit, minimal differential item functioning as 0.50 
to 1.00 logit, and notable differential item functioning as more 
than 1.00 logit[30]. 5) The mean person location of ASQ-17 was 
-0.80 logit, a difference in means larger than 1.0 logit indicates 
notable mistargeting[34], which also showed better targeting 
between the difficulty of item and individual ability than the 

Computer Vision Syndrome Questionnaire Italy (CVS-Q IT, 
-2.36 logit)[13]. 6) The AUC of ASQ-17 in asthenopia and non-
asthenopia groups was 0.899, and Youden’s index was 0.784 
when the cut-off value was 12.5, indicating ASQ-17 could 
assist in asthenopia diagnosis and monitor the symptoms. 
The results were also better than CVS-Q IT (0.874 and 0.631 
respectively)[13]. It may be due to the focus of CVS-Q IT 
was precisely for detecting people with moderate or severe 
symptoms, both in psychometric and substantive terms were at 
the lower levels.
This study found that the most common complaints of 
asthenopia subjects were discomfort caused by the brightness 
of the mobile phone or computer screens, discomfort around 
the eyes, dryness and soreness of eyes, which was partly 
supported by our previous findings[2] (ocular complaints and 
eye dryness were the most common symptoms in asthenopia). 
Studies showed computer screen exposure was significantly 
related to asthenopia[35], and short-wavelength filtering lenses 
could effectively relieve asthenopia[36]. Exposure to direct 
glare induced greater development of visual symptoms and 
discomfort[37]. The overuse of video terminals is also the main 
reason for the increase in asthenopia in recent years[38].
In conclusion, the present study provided essential information 
about the psychometric properties of a 17-item version of the 
asthenopia survey questionnaire. The Rasch analysis showed 
that ASQ-17 had stronger option sorting and suitability 
than ASQ-19. ASQ-17 could be an effective questionnaire 
for evaluating asthenopia in clinics. ASQ-17 can be easily 
completed and provides a calculated score to predict 
asthenopia, which is suitable for diagnosis and curative effect 
evaluation. 
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