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Abstract
Keywords Background: Smartphone-based refraction applications have emerged as
Objective Refraction, Refraction, accessible and cost-effective tools for estimating refractive errors, but their
PEEK Acuity, Smartphone based accuracy and diagnostic performance compared with standard clinical
refraction, Subjective refraction. refraction remain uncertain acvoss different patient populations and
refractive conditions.
Objective: To evaluate the accuracy and diagnostic performance of
smartphone-based refraction applications in comparison with standard

Article History clinical refraction methods.
Received: 01 June 2026 Methods: This prospective comparative clinical study was conducted over six
Accepted: 23 August 2026 months in the Department of Ophthalmology after IRB approval. Thirty-four

Published: 28 September 2026 patients with refractive complaints were enrolled after written informed
consent. Each participant underwent objective refraction using an

Copyright @Author autorefractometer followed by subjective refinement with a trial lens set,
Corresponding Author: * which served as the reference standard. Refraction was then assessed using the
Ayesha Sadiq PEEK Acuity smartphone application under standardized conditions. Data

were analyzed using SPSS v27, with agreement assessed by paired t-tests and
Intraclass Correlation Coefficient (ICC); p<0.05 was considered significant.
Result: A total of 34 participants included 19 (55.9%) females and 15
(44.1%) males. OD visual acuity was 6,/12 in 44.1% and 6/9 in 32.4%,
while OS was 6/12 in 41.2% and 6/9 in 32.4%. Objective and subjective
refraction had a median spherical value of —0.75 D, whereas PEEK Acuity
showed a more myopic median of —1.25 D. Significant differences were
found among the three methods for both OD (¥?=36.683, df=2, p<0.001)
and OS (x?=38.095, df=2, p<0.001). PEEK Acuity differed significantly
from objective and subjective refraction in both eyes (all adjusted p<0.001),
while objective and subjective refraction did not differ significantly (OD
p=0.86; OS p=1.00).

Conclusion: The findings indicate that objective and subjective refraction
showed excellent agreement, while PEEK Acuity consistently produced
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significantly more myopic refractive estimates than standard clinical

refraction.

1. INTRODUCTION

Uncorrected refractive error (URE) is a leading
cause of avoidable visual impairment worldwide
and disproportionately affects low- and middle-
income countries, where shortages of eye-care
professionals, inadequate infrastructure, and
financial barriers limit access to refractive
services.[1-4] Refractive errors occur when the
optical power of the eye does not appropriately
focus light on the retina and include myopia,
hyperopia, astigmatism, and presbyopia.[5]
Clinical refraction remains the reference approach
for determining refractive status.[6] Objective
methods,  including  autorefraction  and
retinoscopy, provide an initial estimate without
requiring patient responses, while subjective
refraction uses patient feedback to refine the
prescription and optimize visual acuity, binocular
balance, and comfort. Autorefraction is rapid and
repeatable but generally requires subjective
refinement.[7-9]

Digital health technologies have increasingly
transformed ophthalmic care through
teleophthalmology, artificial intelligence (Al),
mobile applications, and cloud-based systems.
Smartphone-based refraction uses various optical
and computational approaches, including
subjective alignment, wavefront analysis, eccentric
photorefraction, computer vision, computational
imaging, and AL[10-12] These systems aim to
estimate  spherical, cylindrical, and axis
components of refractive error with minimal
equipment and examiner dependence.[13, 14] Al
and machinelearning techniques may further
improve measurement consistency by analyzing
ocular images, pupil characteristics, fixation
behaviour, and retinal reflexes.[15] However,
performance may be affected by smartphone
hardware, camera and display quality, ambient
illumination, fixation, accommodation, patient
cooperation, refractive status, and software
calibration.[16-18]

Peek Vision primarily provides visual acuity
screening, referral tracking, and community eye-
care management rather than directly generating
spectacle prescriptions. Other applications, such
as VisionApp, combine visual acuity and other
ophthalmic assessments with refractive estimation.
Rigorous clinical evaluation of smartphone-based
refractive assessment is necessary to determine
whether these technologies can provide
sufficiently accurate and reliable measurements
compared with standard clinical refraction.
Establishing their diagnostic performance and
agreement may support their appropriate use as
accessible screening and referral tools in
community eye care, tele-optometry, and resource-
limited settings.

Methods

This prospective comparative clinical study was
conducted in the Ophthalmology Department of
a teaching hospital over a period of six months
following approval of the study synopsis. A total of
34 patients were enrolled using conventional
sampling. The sample size was calculated using
G*Power Software version 3.1.9.4, based on an
effect size of 0.5, a error probability of 0.05, and
power of 0.95. Each participant underwent
standard clinical refraction, beginning with
objective refraction using an autorefractometer
followed by subjective refinement with a trial lens
set to determine best-corrected visual acuity
(BCVA), which served as the reference standard.
Subsequently,
performed using the PEEK Acuity smartphone
application under standardized lighting and
testing conditions. Sphere, cylinder, axis, and
spherical equivalent measurements were recorded
for both methods. Smartphone measurements
were repeated twice and averaged to assess
repeatability. Data were entered and analyzed
using SPSS version 27. Quantitative variables were
summarized as mean * standard deviation, while
qualitative variables were presented as frequencies

refractive assessment was
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and percentages. Paired ttests were used to
compare refractive measurements between
standard clinical refraction and PEEK Acuity,
while reliability was assessed using the Intraclass

Correlation Coefficient (ICC). A p-value of <0.05

was considered statistically significant.

Results

Among 34 participants (19 female [55.9%)], 15
male [44.1%)]), objective and subjective refraction
showed close agreement, with median spherical
error of —0.75 D in both eyes (OD: objective
—0.75 £ 0.32 D, range 1.25 D; subjective —0.75 +
0.26 D, range 1.00 D; OS: objective —0.75 + 0.29
D; subjective —0.75 + 0.24 D), whereas PEEK
Acuity produced more myopic and variable

readings (median —1.25 + 0.43 D, range 1.75 D,

Table 1: Descriptive Statistics

both eyes). Shapiro-Wilk testing confirmed non-
normal distribution for all measurements (all p <
0.05). Visual acuity was predominantly 6/9-6,/12
in both eyes (OD: 76.5%; OS: 73.6%). The
Kruskal-Wallis test showed a significant overall
difference among the three refraction methods for
both eyes (OD: H = 36.683, df = 2, p <0.001; OS:
H = 38.095, df = 2, p < 0.001), and pairwise
comparisons confirmed PEEK Acuity differed
significantly from both objective and subjective
refraction in each eye (all adjusted p < 0.001),
while objective and subjective refraction did not
differ significantly from each other (OD adjusted
p = 0.86; OS adjusted p = 1.00) indicating that
PEEK Acuity has lower agreement with standard
clinical refraction techniques.

Descriptive Statistics

Median + SD | Range | Minimum | Maximum
Objective Refraction Sphere OD -0.75 £0.32 1.25 -1.75 -0.50
Objective Refraction Sphere OS 0.75 +0.29 1.00 | -1.50 -0.50
Subjective Refraction OD -0.75 £ 0.26 1.00 -1.50 0.50
Subjective Refraction OS 0.75+£0.24 0.75 -1.25 -0.50
PEEK Acuity Refraction OD -1.25+£0.43 1.75 -2.50 0.75
PEEK Acuity Refraction OS -1.25+£0.43 1.75 -2.50 0.75

For the right eye (OD), the median objective
refraction was —0.75 + 0.32 D, with a range of
1.25 D (minimum —1.75 D, maximum —0.50 D),
while the subjective refraction was —0.75 + 0.26
D, with a range of 1.00 D (minimum —1.50 D,
maximum —0.50 D). For the left eye (OS), the
median objective refraction was —0.75 + 0.29 D,
with a range of 1.00 D (minimum —1.50 D,

maximum —0.50 D), and the subjective refraction
was —0.75 £ 0.24 D, with a narrower range of 0.75
D (minimum —1.25 D, maximum —0.50 D). In
contrast, PEEK Acuity refraction recorded a
median spherical error of —1.25 £ 0.43 D in both
eyes, with a wider range of 1.75 D and values
extending from —2.50 D to —0.75 D.
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Table 2: Comparative Statistics for Refraction in Right Eye

Pairwise Comparisons of Study Group
Sample 1-Sample 2 Test Std. E Std: Test ) g, Adj. Si
ampic Loampre Statistic - ETTor Statistic & - 2iE
PEEK Acuity-Objective 32.44 7.01 4.63 <0.001 | <0.001
PEEK Acuity-Subjective 39.91 7.01 5.70 <0.001 |<0.001
Refraction
Objective-Subjective 747 7.01 1.07 029 | 086
Refraction
PEEK Acuity differed significantly from objective and subjective refraction did not differ
refraction (test statistic = 32.44, SE = 7.01, significantly (test statistic = —7.47, SE = 7.01,
standardized test statistic = 4.63, adjusted p < standardized test statistic = —1.07, adjusted p =
0.001) and from subjective refraction (test statistic 0.86).
= —39091, SE = 7.01, standardized test statistic =
—5.70, adjusted p < 0.001). In contrast, objective
Table 3: Comparative Statistics for Refraction in Left Eye
Pairwise Comparisons of Study Group
Test Std. Test ) .
Sample 1-Sample 2 Statistic Std. Error Statistic Sig. Adj. Sig.
PEEK Acuity-Objective 33.90 7.01 4.84 <0.001 <0.001
PEEK AcuitySubjective 4022 | 701 5.74 <0001 | <0.001
Refraction
Objective-Subjective Refraction 6.32 7.01 .90 0.37 1.00
Compared with objective refraction, PEEK Acuity test statistic = —5.74, adjusted p < 0.001).

showed a significant difference (test statistic =
33.90, SE = 7.01, standardized test statistic = 4.84,
adjusted p < 0.001). Likewise, PEEK Acuity
differed significantly from subjective refraction
(test statistic = —40.22, SE = 7.01, standardized

However, no statistically significant difference was

observed between objective and subjective
refraction (test statistic = —6.32, SE = 7.01,
standardized test statistic = —0.90, adjusted p =

1.00).
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Table 4: Comparative Statistics between study Groups

Objective PEEK Subjective
Study Group Refraction Acuity Refraction H X2 BVl
Right Eye (Mean | o5 o 2738 | 67.29 2668 | 15.61 <0.001
Rank)
Left Eye Mean | 5 (o 26.79 67.01 38.10 16.02 <0.001
Rank)

The table shows that there were statistically
significant differences between the PEEK Acuity
and Subjective Refraction measurements for both
eyes. For the right eye, the mean ranks were 59.82
for PEEK Acuity, 27.38 for Subjective Refraction,
and 67.29 for the third measurement, with H =
15.61, x* = 26.68, and p < 0.001. Similarly, for the
left eye, the mean ranks were 60.69, 26.79, and
67.01, with H = 16.02, x2 = 38.10, and p < 0.001.

Discussion

The present study evaluated the agreement of
PEEK Acuity with objective and subjective clinical
refraction among 34 participants. The findings
demonstrated that objective and subjective
refraction produced almost identical median
spherical errors of —0.75 D in both eyes, whereas
PEEK Acuity produced a more negative median
value of —1.25 D. The close agreement between
objective and subjective refraction in the present
study is expected because subjective refraction is
generally refined on the basis of objective findings
and represents the patient's best visual response
under clinical testing conditions. The overall
Kruskal-Wallis analysis demonstrated significant
differences among the three methods for both OD
(H = 36.683, df = 2, p < 0.001) and OS (H =
38.095, df = 2, p <0.001). Pairwise analysis further
demonstrated that PEEK Acuity differed
significantly from objective refraction and
subjective refraction in both eyes (adjusted p <
0.001), whereas objective and subjective refraction
did not differ significantly (OD, adjusted p = 0.86;
OS, adjusted p = 1.00).

These findings are particularly interesting when
compared with previous research on PEEK Acuity.

Bastawrous et al., in the original validation study,
found that PEEK Acuity provided visual acuity
measurements that agreed well with ETDRS and
Snellen charts, with mean differences of
approximately  0.07 and 0.08 logMAR,
respectively. The authors concluded that PEEK
Acuity was accurate and repeatable for visual
acuity measurement.[19] Similarly, a later study
comparing smartphone-based visual acuity
applications with the Snellen chart found no
significant difference between PEEK Acuity and
Snellen visual acuity and reported a strong
correlation (ICC = 0.980).[20]

The difference observed in the present study may
therefore reflect an important distinction between
visual acuity assessment and refractive error
determination. PEEK Acuity was originally
developed and validated primarily as a
smartphone-based visual acuity test rather than as
a replacement for objective or subjective
refraction. The original validation demonstrated
good agreement with established visual acuity
charts, but the outcome assessed was monocular
visual acuity rather than spherical refractive
error.[21]

The present findings are also consistent with
evidence showing that the performance of
smartphone-based visual acuity tools can vary
according to the clinical population and purpose
of testing. In children, Zhao et al. reported good
overall correlation between PEEK Acuity and
standard clinical visual acuity assessment, with
ICC values of 0.88 and 0.85 for the first and
second eyes, respectively. However, the authors
emphasized that PEEK Acuity was primarily useful
for visual acuity assessment and screening rather
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than replacing comprehensive  ophthalmic
examination.[22] Likewise, a pediatric validation
study in Paraguay found high specificity but
relatively low sensitivity for referral, demonstrating
that although PEEK Acuity can be useful in
screening, it does not eliminate the need for
comprehensive clinical assessment.[23]

The predominance of visual acuity between 6/9
and 6/12 in the present sample also indicates that
most participants had relatively mild reductions in
visual acuity. This is relevant because small
differences in acuity or refractive estimation may
become more apparent when participants are
clustered within a relatively narrow range of visual
performance. Previous research has similarly
suggested that agreement between smartphone-
based and  conventional  visual  acuity
measurements may become less consistent in eyes
with refractive error or reduced vision.[20]
Therefore, the wider variability observed with
PEEK Acuity in the current study may have clinical
relevance, particularly if its results are used to infer
the magnitude of refractive correction rather than
simply to screen visual acuity.

An important strength of the present study is the
use of both objective and subjective refraction as
clinical comparators and the analysis of each eye
separately. The non-parametric approach was
appropriate  because  Shapiro-Wilk testing
demonstrated non-normal distributions.
Furthermore, the pairwise analysis clearly
identified where the overall differences originated.
However, the findings should be interpreted
within the context of the relatively small sample of
34 participants.

Overall, the findings suggest that PEEK Acuity
may be useful as a rapid and accessible visual acuity
screening tool, but its refractive estimates should
not be considered interchangeable with objective
or subjective clinical refraction. The absence of a
significant difference between objective and
subjective refraction supports the reliability of the
conventional clinical methods, whereas the
significant and consistently more myopic PEEK
Acuity results indicate a potential systematic bias
when the application is used for refractive
estimation. Therefore, PEEK Acuity may have

value in primary screening and resource-limited
settings, but patients requiring determination of
their precise refractive correction should undergo
standard objective and subjective refraction. This
interpretation is broadly consistent with the
original validation literature, which supports
PEEK Acuity for accurate visual acuity
measurement rather than as a standalone
replacement  for  comprehensive  refractive
assessment.[21]

Conclusion

The present study concluded that PEEK Acuity
demonstrated significant differences from both
objective and subjective clinical refraction in
determining refractive error. In contrast, objective
and subjective refraction showed close agreement,
with no statistically significant difference between
them. Although PEEK Acuity may provide a
useful, rapid, and accessible approach for visual
acuity screening, its refractive measurements
cannot be considered interchangeable with
standard clinical refraction.
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