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Purpose: To assess the agreement of the Eyerobo VS with the ARK-1 and subjective refraction (SR) and repeatability of the Eyerobo 
VS three measurements cycloplegic refraction in children and adolescents.
Patients and Methods: This study included 158 participants (316 eyes) aged 10.33 ± 2.10. All participants underwent eye 
examinations, including the ARK-1, the Eyerobo VS, and SR. The refractive error-related parameters included Sphere, spherical 
equivalent (SE), J0, and J45. Bland-Altman analysis was used to assess the agreement between the Eyerobo VS and the ARK-1 and the 
agreement between the Eyerobo VS and SR. The intraclass correlation coefficient (ICC) was used to evaluate the repeatability of the 
Eyerobo VS three measurements.
Results: The Eyerobo VS showed agreement with the ARK-1 within 0.5 D of 81.0% (Sphere), 79.4% (SE), 96.8% (J0), and 99.7% 
(J45). The Eyerobo VS showed agreement with SR within 0.5 D of 82.9% (Sphere), 79.4% (SE), 96.2% (J0), and 100.0% (J45). The 
ICC for the three measurements of the Eyerobo VS was 0.97 for Sphere and 0.95 for SE, respectively.
Conclusion: The refractive measurement cycloplegic refraction of the Eyerobo VS showed high reliability and good agreement with 
the ARK-1 and SR on Sphere, SE, J0, and J45. The Eyerobo VS portable autorefractor could facilitate large-scale vision screening in 
schools and remote areas.
Keywords: refractive error, subjective refraction, autorefractor, Eyerobo VS, ARK-1

Introduction
Globally, at least 2.2 billion people have a vision impairment or blindness, of which over 1 billion cases could have been 
prevented or have yet to be addressed, according to the first World report on vision issued by the WHO.1 Uncorrected 
refractive error was the major cause of visual impairment (43%)2 and the second most common cause of blindness 
globally.3 Astigmatism, hyperopia, and myopia are common refractive errors that impact a sizable fraction of the global 
population. In particular, the number of people with myopia is increasing every year, reaching half of the world 
population by 2050.4 The global productivity loss associated with vision impairment from uncorrected myopia in adults 
was estimated at US$244 billion.5 Addressing uncorrected refractive error could yield a net economic impact of over US 
$250 billion annually.6

The reasons for this serious public health problem include barriers to availability and access to quality services, major 
shortages and maldistribution of well-trained personnel, and lack of suitable, well-maintained equipment and 
consumables.7 Due to the fact that many eye problems may be asymptomatic, vision screening plays a crucial role in 
detecting visual disorders in children and adolescents without signs of visual impairment.8 Effective vision screening 
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facilitates early diagnosis and treatment, and reduces adverse effects on children and adolescents. Currently, the primary 
methods for measuring refractive error include subjective refraction (SR) and objective refraction (OR). As the gold 
standard for patient acceptance, SR is a clinically accepted and frequently performed procedure in optometric 
practice.9,10 The accuracy of SR relies on the response of the person being examined and the examiner’s skills.11 

Thus, SR may be limited in vision screening. The autorefractor, such as the ARK-1 (Nidek, Japan), is commonly used by 
eye care practitioners worldwide and can quickly and conveniently measure refractive error in clinical practice.12,13 

However, most autorefractors are relatively large, requiring that the instruments be mounted on a table.14 Therefore, the 
autorefractor is not convenient to move and use in large-scale vision screening. Thus, among children and adolescents, 
a convenient and easy-to-use method of vision screening is required.

The Eyerobo VS (Eyerobo, China) is a portable autorefractor (2WIN-S, Adaptica, Italy) that combines 
a photorefractometer with an occlude tube that blocks ambient light, allowing the exam to be performed in any lighting 
condition.15,16 It can measure the refraction, corneal reflex, pupil size and interpupillary distance simultaneously. This is 
especially important for children’s vision screening, as it allows greater relaxation of accommodation and better simulation of 
normal viewing conditions, leading to more accurate refractive results.17 The Eyerobo VS has advantages in vision screening.

A previous study15 has validated the effectiveness of the Eyerobo VS for vision screening in the presence of non- 
cycloplegia. However, to our knowledge, no studies have examined cycloplegic refraction in the Eyerobo VS vision 
screening in children and adolescents. However, cycloplegic refraction is the gold standard for epidemiological assessment 
of refractive error in the pediatric population.18–20 In ocular examinations of children under non-cycloplegic conditions, the 
influence of accommodation cannot be disregarded.21 Therefore, this study aimed to evaluate the repeatability and 
agreement of the Eyerobo VS with the ARK-1 and SR cycloplegic refraction in children and adolescents.

Materials and Methods
Study Participants
This cross-sectional study was approved by the Ethics Committee of He Eye Specialist Hospital (IRB (2023) K026.01). It 
was registered at ClinicalTrails.gov (NCT06346626) on March 26, 2024. All procedures were reviewed and approved by 
the local institutional ethical review board in accordance with the Declaration of Helsinki principles. Written informed 
consent was obtained from the participants and parents.

Patients who visited the Pediatric Ophthalmology Clinic at Shenyang He Eye Specialist Hospital were invited to 
participate in this study from August 2023 to April 2024. Inclusion criteria: (i) Ages 6–18 years; (ii) Best corrected visual 
acuity better than 0.1 logMAR (logarithm of the minimum angle of resolution) (6/7.5); (iii) Patients who visited the clinic 
and volunteered to participate in this study. Exclusion criteria: (i) Participants who could not cooperate in completing the 
examination; (ii) Suffering from other ocular diseases (such as closed-angle glaucoma, shallow anterior, etc.) that do not 
allow dilated pupil examination; (iii) Suffering from eye diseases such as strabismus and previous ocular surgeries; (iv) 
Non-compliant to dilated pupil examination; (v) Other medical conditions in the opinion of the principal investigator 
were not suitable to participates in the study.

Refractive Error-Related Parameters
Refraction measurements were compared using Sphere and spherical equivalent (SE = sphere + cylinder/2). Vector 
analysis was also used to compare the measurements. Since vector analysis considers both the direction and magnitude of 
the astigmatic cylinder when calculating refractive error statistically, it is a well-established technique for analyzing 
refractive error data. The following formulas, proposed by Thibos et al,22 were used to perform vector analysis: J0 
denotes the horizontal cylindrical vector, and J45 denotes the oblique cylindrical vector.
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Examination Procedures
One drop of Proparacaine Hydrochloride Eye Drops (Alcon Laboratories, Inc., USA) was administered five minutes later, 
followed by three drops of 1% cyclopentolate (Alcon Laboratories, Inc., USA) at ten-minute intervals to induce ciliary 
muscle paralysis. Refractive error tests were taken after 30 minutes. Each participant underwent one ARK-1 examination, 
three consecutive Eyerobo VS examinations, and one SR examination. The order of the ARK-1 and the Eyerobo VS 
examinations was randomized in a 1:1 ratio. Since SR required further adjustment and confirmation based on OR results, 
it was performed last. Tests were taken at least 15 minutes apart for each method. The autorefractor was calibrated before 
each test was conducted. All participants employed an identical autorefractor during the study. And SR was performed by 
the same trained ophthalmologist.

Statistical Analysis
The data were analyzed using SPSS statistics software (version 25.0; SPSS Inc., United States). Data were expressed as 
mean ± standard deviation (SD). Accounting for inter-eye correlation, the mixed-effects models were used to compare 
the Eyerobo VS with the ARK-1 and with SR.23 The intraclass correlation coefficient (ICC) was calculated for the 
repeatability of the Eyerobo VS three measurements, with values below 0.5 regarded as poor repeatability, 0.5–0.75 as 
moderate, 0.75–0.9 as good, and over 0.9 as outstanding.24 The Bland-Altman analysis with 95% limits of agreement 
(LoA) was used to assess the agreement between the Eyerobo VS and the ARK-1 and the agreement between the 
Eyerobo VS and SR. The percentage of the difference between the Eyerobo VS and the ARK-1 and between the Eyerobo 
VS and SR within 0.5 D was also calculated. It was deemed a clinically acceptable range when the difference between 
measurements from different methods was within thresholds of 0.5 D.10,25 Bland-Altman graphs were plotted using 
MedCalc statistical software (version 9.0.4, Ostend, Belgium). P value of <0.05 was considered to show statistical 
significance.

The G*Power 3.1.9.2 (Heinrich Heine Universität, Düsseldorf, Germany) program was utilized in this investigation to 
determine the paired t-test sample size. To reach the 90% power effect, at least 44 subjects were required, assuming that 
the α was 5% and the effect size of the two devices was 0.5.26,27 Simultaneously, McAlinden et al28 suggested that at 
least 100 subjects should be included in the sample size to assess the degree of agreement between the two approaches. 
Increasing the sample size allows for a more accurate assessment of the agreement range and provides tighter confidence 
intervals. Finally, 316 eyes of 158 participants were included in this study.

Results
Characteristics of Measurements by the Eyerobo VS, the ARK-1, and SR
The study included 316 eyes from 158 participants (72 males, 45.6%; 84 females, 54.4%), with a mean age of 10.33 ± 
2.10 years. The characteristics of Sphere, SE, J0, and J45 measured by the Eyerobo VS, the ARK-1, and SR are shown in 
Table 1.

Table 1 Characteristics of Measurements by the Eyerobo VS, the ARK-1, and SR

Eyerobo VS ARK-1 SR

Mean ± SD Min Max Mean ± SD Min Max Mean ± SD Min Max

Sphere (D) −1.20 ± 1.33 −7.25 3.42 −1.09 ± 1.13 −5.25 4.75 −1.31 ± 1.08 −5.25 4.75

SE (D) −1.57 ± 1.38 −7.33 3.17 −1.39 ± 1.17 −5.63 5.13 −1.52 ± 1.10 −5.50 5.00

J0 (D) 0.31 ± 0.34 −0.33 1.96 0.29 ± 0.29 −0.33 1.73 0.22 ± 0.26 −0.16 1.75
J45 (D) −0.01 ± 0.13 −0.56 0.57 −0.03 ± 0.13 −0.51 0.37 −0.01 ± 0.09 −0.51 0.34

Abbreviations: SR, subjective refraction; SD, standard deviation; D, diopter; SE, spherical equivalent; J0 and J45, cylindrical 
components.
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Comparison and Agreement of Measurements by the Eyerobo VS, the ARK-1, and SR
The difference and agreement of Sphere, SE, J0, and J45 measured by the Eyerobo VS, the ARK-1 and SR are shown in 
Table 2. Bland-Altman plots present the 95% LoA of Sphere, SE, J0, and J45 between the Eyerobo VS and the ARK-1 
and between the Eyerobo VS and SR (Figures 1 and 2).

The Eyerobo VS vs the ARK-1
Compared with the ARK-1, the Eyerobo VS showed significant differences in Sphere and SE. However, there were no significant 
differences in J0 and J45. The J0 and J45 differences between the Eyerobo VS and the ARK-1 were 0.02 (0.31 ± 0.34 D vs 0.29 ± 
0.29 D, P = 0.211) and 0.01 (−0.01 ± 0.13 D vs −0.03 ± 0.13 D, P = 0.175), respectively. The Eyerobo VS showed agreement 
with the ARK-1 within 0.5 D of 81.0% (Sphere), 79.4% (SE), 96.8% (J0) and 99.7% (J45).

The Bland-Altman analysis of the data indicated 95% LoA between the Eyerobo VS and the ARK-1 of Sphere (−1.05 D, 
0.82 D), SE (−1.20 D, 0.85 D), J0 (−0.43 D, 0.47 D), and J45 (−0.21 D, 0.23 D).

The Eyerobo VS vs SR
Compared with SR, the Eyerobo VS showed significant differences in Sphere and J0, but no significant differences in SE 
and J45. The SE and J45 differences between the Eyerobo VS and SR were −0.05 (−1.57 ± 1.38 D vs −1.52 ± 1.10 D, 
P = 0.317) and −0.00 (−0.01 ± 0.13 D vs −0.01 ± 0.09 D, P = 0.851), respectively. The Eyerobo VS showed agreement 
with SR within 0.5 D of 82.9% (Sphere), 79.4% (SE), 96.2% (J0) and 100.0% (J45).

The Bland-Altman analyses of the data indicated 95% LoA between the Eyerobo VS and SR of Sphere (−0.78 D, 1.00 D), 
SE (−1.04 D, 0.94 D), J0 (−0.38 D, 0.54 D), and J45 (−0.21 D, 0.20 D).

Repeatability of the Eyerobo VS
The repeatability of the Eyerobo VS three measurements is shown in Table 3. The ICC demonstrated outstanding 
repeatability for Sphere (0.97) and SE (0.95), respectively. The ICC demonstrated moderate repeatability for J0 (0.57) 
and J45 (0.64), respectively. The repeated measures ANOVA showed that within-subject differences for Sphere, SE, J0, 
and J45 were not statistically significant (P > 0.05).

Table 2 Comparison and Agreement of 
Measurements by the Eyerobo VS, the ARK-1, and SR

Δ P value Agreement

Sphere (D)

Eyerobo VS - ARK-1 −0.11 0.023 81.0%
Eyerobo VS - SR 0.11 0.032 82.9%

SE (D)

Eyerobo VS - ARK-1 −0.17 0.001 79.4%
Eyerobo VS - SR −0.05 0.317 79.4%

J0 (D)

Eyerobo VS - ARK-1 0.02 0.211 96.8%
Eyerobo VS - SR 0.08 <0.001 96.2%

J45 (D)

Eyerobo VS - ARK-1 0.01 0.175 99.7%
Eyerobo VS - SR −0.00 0.851 100.0%

Notes: Δ, the difference between the Eyerobo VS and the ARK-1 and 
between the Eyerobo VS and SR. Agreement, the percentage of 
difference between the Eyerobo VS and the ARK-1 and between the 
Eyerobo VS and SR within 0.50 D. 
Abbreviations: SR, subjective refraction; D, diopter; SE, spherical 
equivalent; J0 and J45, cylindrical components.
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Discussion
The laborious manual retinoscopy process can be avoided using a portable autorefractor. A quick, accurate, and 
dependable instrument for objective measurement can serve as a foundation for SR. The study evaluated the agreement 
of the Eyerobo VS with the ARK-1 and SR and repeatability of the Eyerobo VS three measurements of cycloplegic 
refraction in children and adolescents. This study demonstrates that, compared to the ARK-1 and SR, Sphere, SE, J0, and 
J45 of the Eyerobo VS portable autorefractor exhibit good agreement (79.4%–100.0%). Numerous studies have been 
conducted on children to test the validity and reproducibility of autorefractor instruments installed on tables to measure 
refractive error.29–32 The Eyerobo VS three measurements demonstrated an outstanding repeatability for Sphere and SE, 
respectively.

Autorefractors are especially important in large-scale vision screening of children and remote areas. The agreement of 
Sphere, SE, J0, and J45 between the Eyerobo VS and the ARK-1 were 79.4%–99.7%. A recent study comparing the 
2WIN with the ARK-1 showed the difference of cycloplegic SE was −0.37 D (95% LoA: −2.74 D, 2.00 D).33 The 
difference of SE was 0.46 D (95% LoA: −1.32 D, 2.24 D) observed among children aged 4–14 years, as determined by 
Liu et al15 when they compared the Eyerobo VS with cycloplegic retinoscopy. Compared with the study by Liu et al15 

(software version 5.3), the Eyerobo VS (software version 5.6) in this study achieved better results and more accurate 
measurements. The differences of Sphere, SE, and J0 were smaller, and the difference of J45 was equal. The Eyerobo VS 

Figure 1 Plots of Bland-Altman comparing the Eyerobo VS and the ARK-1 for (a) Sphere, (b) SE, (c) J0, and (d) J45. 
Abbreviations: SD, standard deviation; SE, spherical equivalent; J0 and J45, cylindrical components.
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three measurements demonstrated an outstanding repeatability for Sphere and SE, respectively. The Eyerobo VS three 
measurements demonstrated a moderate repeatability for J0 and J45, respectively. The repeatability of three measure
ments by the Eyerobo VS in the present study showed that the repeatability of SE was better, J0 was worse, and J45 was 
close to the values in Liu et al,15 which may be inconsistencies in children and adolescents’ cooperation, alignment, and 
fixation, leading to different measurement results. In addition, the use of these devices in children without cycloplegia has 

Figure 2 Plots of Bland-Altman comparing the Eyerobo VS and SR for (a) Sphere, (b) SE, (c) J0, and (d) J45. 
Abbreviations: SR, subjective refraction; SD, standard deviation; SE, spherical equivalent; J0 and J45, cylindrical components.

Table 3 Repeatability of the Eyerobo VS

ICC* 95% CI F P value**

Sphere (D) 0.97 0.97, 0.98 0.131 0.842
SE (D) 0.95 0.93, 0.96 0.021 0.962

J0 (D) 0.57 0.51, 0.63 0.243 0.694

J45 (D) 0.64 0.59, 0.69 0.377 0.673

Notes: *Two-way model, absolute agreement average measures; 
**Repeated Measures ANOVA. 
Abbreviations: D, diopter; SE, spherical equivalent; J0 and J45, 
cylindrical components; ICC, intraclass correlation coefficient; CI, 
confidence interval.
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been shown in the study to understate hyperopia and overestimate myopia.30 This may be due to children’s accommoda
tion, which can affect the diagnostic accuracy of latent refractive defects.34

In practical lens fitting, SR is commonly used as the gold standard. During fitting, SR integrates the patient’s subjective 
experience with prescription strength. Most studies also frequently employ SR as the benchmark for comparing the accuracy 
of different autorefractors.10,15,17 Therefore, this study likewise used SR as the standard for comparison. The agreement of 
Sphere, SE, J0, and J45 between the Eyerobo VS and SR were 79.4%–100.0%. According to these preliminary findings, most 
pediatric patients may benefit from the Eyerobo VS for prescription glasses. A related study showed that the SE refraction 
obtained by open-view binocular handheld aberrometer wavefront autorefractor agreed within 0.5 D of the SR in 70% of the 
cases.17 A study showed that wavefront aberrometry-based autorefractor agreed within 0.5 D of SR values in 84% for SE.10 

The agreement of SE between the Eyerobo VS and SR was 79.4% in this study. The results supported that the Eyerobo VS 
portable autorefractor can be used as the basis of the SR. So the Eyerobo VS can be applied to large-scale vision screening, 
especially in the optometrist’s inadequate health services and remote areas. The Eyerobo VS could be a valuable complement 
to the clinic for screening refractive error, as non-specialists can also use the Eyerobo VS with short-term training.

Some limitations in this study need to be taken into account. A limitation of this study is that no comparison of 
optometric measurements was made between professionals and non-professionals. Future studies comparing profes
sionals and laypersons are therefore needed to demonstrate their use in large-scale vision screening for nonprofessionals. 
Another drawback is that there were few participants in the hyperopes study, making it challenging to reach firm findings. 
Finally, this study did not provide a cost-effectiveness analysis, which would be necessary if this device were to become 
available for large-scale vision screening.

Conclusion
In this study, the refractive measurement cycloplegic refraction of the Eyerobo VS showed high reliability and good 
agreement with the ARK-1 and SR on Sphere, SE, J0, and J45. The Eyerobo VS portable autorefractor could facilitate 
large-scale vision screening in schools and remote areas. As a complementary tool, the Eyerobo VS measurements can 
serve as a foundation for SR and reduce the global burden of visual impairment in children due to undetected and 
uncorrected refractive error.
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